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ABSTRACT

Aim: To explore the organisational effectiveness and impact on patient and nurse outcomes of

two alternative closed Intensive Care Unit (ICU) models in Australia.

Background: Internationally the demand for critical care is increasing. Solely increasing bed
capacity is not feasible due to high resource requirements and burgeoning costs. Consolidation
of conventional ‘stand-alone’ ICUs into large multi-specialty integrated service models, the ICU
‘hot-floor’, is a preferred organisational strategy. Assumed benefits include improved patient
throughput and resource utilisation, concentrated expertise and enhanced operational
flexibility. The effect on patient and nurse outcomes however, is not well understood. Balancing

efficiency and effectiveness is fundamental to high organisational reliability and sustainability.

Design and method: This study compared a general ICU within a hot-floor service and a
conventional general ICU with similar service level and workforce characteristics. Patient
throughput measures and outcomes were retrospectively investigated in a sample of 1000
randomly selected patient records during 2013. In 2014, a sample of 145 clinical nurses, split
between both units, completed a structured questionnaire that incorporated validated

instruments to examine the work environment, satisfaction and burnout.

Outcome measures: Patient mortality, unplanned extubation, catheter associated blood stream
infections, pressure injury, venous thrombosis prophylaxis, length of stay, after-hours discharge
and unplanned readmission, and unit level access, occupancy and volume were collected. The
Practice Environment Scale-Nursing Work Index and Maslach’s Burnout Inventory, along with

supplementary questions on work perceptions, were used to collect nurse outcomes.

Results: The hot-floor model achieved higher patient throughput and a lower after-hours
discharge rate, with no significant differences in patient outcomes. Patients were however more
exposed to the risk of an adverse event such as deep vein thrombosis due to lower compliance
with routine clinical prophylaxis protocols. Front-line nursing management, education, clinical
support and senior medical staff were shared across the hot-floor service, resulting in less
dedicated resources allocated to the general ICU. Nurse manager support was less effective and

nurses expressed lower personal accomplishment. High patient turnover and paid overtime



compounded nurse workload, though greater internal hot-floor operational flexibility reduced

nurse redeployment to external wards.

Conclusion: Improved demand management achieved through greater operational flexibility is
a key driver for the hot-floor model. Efficiency gains need to account for the work environment
to optimise nurse outcomes, reduce turnover and mitigate patient risks. Adequately resourced
front-line nursing management and education are required for high organisational reliability and

long-term sustainability.

Keywords: Burnout, intensive care, nurse, organisation, outcome, patient, practice environment



1 INTRODUCTION

Intensive care services are essential to today’s acute care hospital (Vincent & Creteur 2017),
enabling critically ill patients to be managed in a dedicated area with high resource inputs and
staff ratios, and sophisticated medical technologies. Critically ill patients require timely access
to the Intensive Care Unit (ICU) either onsite, within the treating hospital, or by referral across
health service networks to achieve the best possible patient outcomes (Flabouris, Hart &

Nicholls 2013; Skinner, Warrillow & Denehy 2015).

Internationally, demand for intensive care is growing due to aging populations, higher inpatient
acuity with multiple co-morbidities and advanced medical technologies (Vincent 2017; Wallace,
Seymour & Kahn 2017). Health services planning that increases bed capacity alone is not
sustainable in terms of fiscal and human resources (Guidet, van der Voort & Csomos 2017;
Rhodes, Moreno & Chiche 2011). Organisational strategies are therefore required to effectively
manage increasing demand while constraining associated costs (Strauch et al. 2015). Enhancing
flexibility and utilisation of the available bed capacity, while optimising patient and staff
outcomes, is a primary organisational goal (Bai et al. 2016; lapichino et al. 2007; Stone et al.
2006). Organisational changes in ICU, more than single therapies, have been demonstrated to
significantly improve patient outcomes (Miele & Checkley 2016; Sasabuchi et al. 2015; van der
Sluijs et al. 2017).

Structurally, ICUs are organised either as ‘open’ or ‘closed’ models for medical management of
patient care. In the open model, patients are admitted under the care of their admitting
specialist team, with an Intensivist (ICU trained specialist medical practitioner) available for
consultation as needed, while in the closed model, admissions and clinical care is controlled by
the Intensivist with specialist teams consulted as necessary (Sakr et al. 2015). Internationally,
the closed model is predominant in Australia, New Zealand, Europe, the United Kingdom, South
America and South Africa (Hyzy et al. 2010; Wilcox et al. 2014), in 85% of Canadian ICUs
(Holodinsky et al. 2015) and 63% in Asia (Arabi et al. 2016). Compelling evidence supports the
benefits of the closed model in relation to staff satisfaction and clinical outcomes (Gasperino
2011; Parikh et al. 2012; Vincent 2017). Benefits of the closed model include strict admission
criteria ensuring only appropriate patients are admitted improving bed utilisation, holistic

coordination of patient care (Hobson & Bihorac 2015; van der Sluijs et al. 2017) and creation of



a healthy work environment (Katz et al. 2017). The closed model therefore also constrains bed
growth and burgeoning costs due to evidence based criteria for patient triage and admission
(van der Sluis et al. 2011). In contrast, the open model is operated primarily in the United States
(US) (Hyzy et al. 2010; Skinner, Warrillow & Denehy 2015), although the closed model is

increasingly being adopted.

While the organisational effectiveness of the closed model is reflected by improved patient
outcomes, increasingly the model in the traditional ‘stand-alone’ configuration, is struggling to
efficiently manage growing demand for intensive care (Aslanidis 2015). In response, these
separate stand-alone ICUs within single hospitals and across hospital networks are being
reorganised into large critical care services (Meadows, Rattenberry & Waldmann 2011; Wallace,
Seymour & Kahn 2017). As a result, the dominance of the closed model over the past five
decades is giving way to a hybrid closed-open model where a combination of closed and open
beds are managed within one integrated critical care service. In Australia, this ICU ‘hot-floor’
model consists of multiple pods (units) of critical care sub-specialties, commonly neurosciences,
cardiothoracic surgery, trauma, general surgery and medicine (AHIA 2014) collocated and
managed as a single integrated service. Typically the hot-floor is a tertiary level service with high
acuity, activity and technical complexity, and reflects the health services management trend
toward integrated service models and resource consolidation (Pifia et al. 2014; Rashid 2014b;

Suntharalingam, Handy & Walsh 2014).

The aim of the hot-floor is to better balance efficient demand management and organisational
effectiveness so as to achieve a high degree of organisational reliability. High Reliability
Organisations (HROs) conduct operations with minimal error over an extended time in the quest
for high quality and dependable reliability (Roberts 1990). Principles stemming from HRO theory
are common to industries such as commercial aviation that require near error free high
frequency performance (Ravitz & Pronovost 2015). Organisations take different approaches to
achieve high reliability according to their operational context, activities and goals, and therefore
the same approach cannot be directly applied between industries (Wasden 2017). Increasingly,
HRO principles are being adopted in health service planning to promote patient safety and
organisational effectiveness in healthcare, and are ideally suited to the high-risk environment of

ICU (Christianson et al. 2011; Hartmann et al. 2013).



Health service planning in Australia is conducted in accordance with the Australasian Health
Facility Guidelines (AusHFG) (AHIA 2014), which recommend the hot-floor integrated critical
care service model for new or redeveloped ICUs. Despite this policy and planning requirement,
it is not known if the hot-floor model can achieve the balance in organisational efficiency and
effectiveness required to fulfill HRO principles and thereby provide a viable organisational

solution for the provision of high quality critical care into the future.

This study aims to address this knowledge deficit. To establish the study context the ICU
environment and the drivers of increasing demand for intensive care are described in this
chapter. The significance of this area of inquiry for health services management is then outlined
followed by the specific research questions to be answered. A summary of this thesis
organisation follows to assist the reader to navigate the roadmap for this study of the ICU hot-

floor model.

1.1 The intensive care unit

The ICU is an organisational intervention aimed at improving outcomes for patients who require
continuous monitoring and simultaneous combinations of supportive therapeuticinterventions,
point of care diagnostics and clinical care (Costa & Kahn 2016; Patel, Kaufman & Cohen 2014).
Patients who have actual or potential life-threatening illness or injuries are concentrated in a
dedicated area of the hospital with high staffing ratios, highly skilled specialist trained staff,
sophisticated medical technologies and high resource inputs (ANZICS CORE 2014a). The decision
to admit a patient to ICU is based on a comprehensive clinical assessment, likely patient benefit,
patient wishes if known and appropriate use of limited available resources (Capuzzo, Moreno &

Alvisi 2010; Dicosmo 1999; Leung, Wong & Gomersall 2016).

Early studies on patient outcomes identified that efficient and effective intensive care teams are
those that prioritise the organisation of skilled professionals rather than individual therapies or
sophisticated technologies (Knaus et al. 1986). Optimal quality and safety require an appropriate
environment for skilled clinical teams to deliver quality care 24 hours a day, 7 days a week.
Specific guidelines for patient selection, staffing, structural requirements, support services,
operational policies, physical design and equipment have been developed for traditional closed
ICUs and are credited for the evolution of the ICU as a distinct organisational entity (Grenvik &

Pinsky 2009). Despite these advances, staffing profiles in terms of quantity, experience and

3



expertise remain a key determinant for quality of care and patient outcomes (Cho, Hwang & Kim
2008; Fink 2011; Neuraz et al. 2015). For example, 24-hour physician coverage across a 7-day
week staffing model has been progressively established (Dimick et al. 2001; Fink 2011). An early
systematic review of physician staffing patterns demonstrated a 10% median reduction in
mortality, exceeding the impact of any known single clinical ICU intervention (Pronovost et al.
2002). The positive impact of 24-hour intensivist cover continues to be supported in
contemporary literature with intensivist staff ratios and workload emerging as major factors for

improved patient outcomes and staff satisfaction (Pastores 2015; Ward et al. 2013).

These findings are particularly relevant to the ICU hot-floor, which typically has a large bed
capacity and high patient volumes. Medical and nurse staffing needs to keep pace with ICU size,
bed capacity and increasing clinical complexity at the point of care (Ward & Howell 2015). In
Australia, a staffing ratio in ICU of one nurse to one critically ill patient on a 24-hour basis is
universally practised (Elliott, Aitken & Chaboyer 2011; McAdam & Puntillo 2015). High nurse to
patient ratios have been repeatedly linked to positive outcomes in acute care settings (Aiken,
Cimiotti, et al. 2012; Neuraz et al. 2015; West et al. 2014). Complementing the nurse:patient
ratio is the nurse’s broad scope of practice that includes coordinating and administering multiple
simultaneous pharmacological regimens, adjusting ventilation in response to the patient’s

physiology, physical care and clinical prophylaxis, and psychological support (ACCCN 2016).

Evidence based clinical management is coordinated by a multidisciplinary team and is typically
highly standardised based upon best practice. A medical intensivist leads the clinical team in
collaboration with nursing, allied health and primary medical specialist teams. Front-line nursing
management, education and dedicated allied health staff have been associated with a reduction
in adverse drug events, decreased length of stay, ventilator days and overall ICU costs
(Kucukarslan et al. 2013; Thomas et al. 2015). As the organisation of intensive care evolves
through interventions such as the hot-floor model, proactive workforce planning is required for
adequate resourcing to support a healthy work environment (AACN 2016), promote clinical
quality and safety, and maximise potential organisational benefits to achieve high reliability

(Aboumatar et al. 2017).



1.2 Increasing demand, building capacity and costs

Intensive care is one of fastest growing and most expensive healthcare disciplines (Crippen
2013). Demand for ICU beds regularly exceeds availability with rates of refusal of admission, due
to unavailable resources, ranging from 18-42% (Leung, Wong & Gomersall 2016). By 2050, the
global population is projected to increase from 7.2 billion to 9.6 billion, increasing the number
of people who may need critical care and substantially presenting an enormous challenge for
health services (Arabi, Schultz & Salluh 2016). Compounding population driven demand are new
technologies to salvage patients with clinical conditions previously considered fatal (Victorian

Government DHHS 2009; Vincent & Creteur 2017).

The subsequent growth in ICU beds, particularly in developed countries, has been significant
(zakhary, Turton & Ender 2016), though considerable variation in capacity is evident and
primarily attributed to the organisational model (Murthy & Wunsch 2012). For example, in 2012
the open ICU model was prevalent in the US with bed capacity at 25 per 100,000 population
(Wunsch, Gershengorn & Scales 2012) (see Figure 1.1). In stark contrast the United Kingdom
(UK) is at 3.5 per 100,000 population with Australia also relatively low at 6.5 beds; both countries
in which the closed model is ubiquitous (ANZICS CORE 2013b).

Global variation in ICU beds per 100,000 population
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Figure 1.1 International ratios of ICU beds to 100,000 population
Source: (Murthy & Wunsch 2012) and (ANZICS CORE 2013b)



While the Australian bed capacity is relatively low, high quality service delivery is indicated by a
low median Standardised Mortality Ratio (SMR) of 0.74 (ANZICS CORE 2014a). This is further
supported by a low refusal rate of 2.2% (ACHS 2014) for patients otherwise suitable for
admission, suggesting effective management of demand within the available bed capacity.
However, demand for intensive care in Australia between 2010 and 2030 is predicted to increase
by 46% (Corke et al. 2009) with a corresponding growth from 520,000 to 920,000 ICU bed days
for the same period (see Figure 1.2) highlighting the need for organisational strategies that

improve efficiency.
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* For projections, points represent “middle ground” estimates {(based on
ABS Series B population projections), while bars represent 95%
confidence intervals.

Figure 1.2 Australian ICU bed days 1996 - 2007 and population adjusted projections to 2030

Source: (Corke et al. 2009) pp. 259

Predictions have been confirmed by modelling for the state of NSW that is the local context for
this study. Between 2010 and 2016 acute inpatient modelling projected annual growth at 2.5%
(NSW Health 2010b) (see Figure 1.3), resulting in a total growth in demand for intensive care

services of 17.5%.
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Figure 1.3 Time series projections for NSW ICU bed utilisation to 2016
Source: (NSW Ministry of Health 2010)

When extrapolated to 2030 a further 33% increase is projected resulting in a total growth in ICU
bed days of 50% between 2010 and 2030. Based on this modelling and applying the NSW ICU
bed per day cost estimate of $3,800 (NSW Health 2010a), an additional $117m of funding was
allocated between 2010 to 2016, resulting in a total ICU funding allocation of $762m in 2016 or
4% of the corresponding year’s state health budget. If growth continues according to NSW
projections, ICU funding allocation would double to 10% of the total state health budget by 2030
(NSW Health 2017). Continued growth of this magnitude is not sustainable and skilled workforce
shortages suggest the projected growth to 2030 is not feasible, a concern voiced by critical care
clinical leaders globally (Einav, O’Connor & Chavez 2016; Matlakala, Bezuidenhout & Botha
2014a; Talib & Rahman 2015). The associated costs are a strong driver for considering innovative
models of care and alternative organisation structures (Schreiter & Saeger 2011) which has

resulted in the policy response to consolidate, or regionalise, standalone ICUs (Bennett 2015).



It has long been recognised that maintaining the same level of ICU resourcing and staffing across
multiple hospitals with differing levels of intensive care complexity is not sustainable, requiring
a tiered networked approach to service provision (Luft, Bunker & Enthoven 1979). The
consolidation of beds into large regional ICUs (Wallace, Seymour & Kahn 2017) has occurred
since the early nineties (Thompson et al. 1994) to better match patient severity with available
resources and expertise (Nguyen, Wunsch & Angus 2010a). Lower complexity hospitals refer the
sickest patients via defined clinical networks to regional ICUs for definitive care to manage

demand for ICU beds (Amaral & Cuthbertson 2016).

Traditionally within hospitals with multiple sub-specialty ICUs, such as a General ICU (GICU),
Cardiothoracic (CICU), Neurosurgical (NICU) and in some cases a designated Trauma ICU, the
units have been segregated physically and organisationally. Smaller standalone ICUs require
similar organisational support mechanisms, physical infrastructure, resourcing and high staffing
ratios to be maintained and available on a 24-hour basis across multiple sites within a single
hospital. Furthermore, units with less than 300 annual admissions, 600 mechanical ventilation
hours and low patient acuity may not maintain sufficient activity for process automation and

limit opportunities for maintenance of staff skills and training (CICM 2014).

The aim of the hot-floor is to better balance efficiency and effectiveness (Costa & Kahn 2016;
Skinner, Warrillow & Denehy 2015) through economies of scale, improved resource utilisation,
reduced operational duplicity and enhanced standardisation of practice and processes (AHIA
2014; Fink 2015) while also continuing to improve outcomes for staff and patients (Iwashyna &
Kahn 2014). The goal is to create a flexible and highly reliable organisational model that is safe,
responsive to changing operational conditions within the available resources, and to promote a

positive work environment (Roberts, Clark & Rock 2013).

At the time of this study 5% (n=8) of the 161 ICUs nationally represented the hot-floor model
(ANZICS CORE 2014a) with increasing adoption driven by policy and planning imperatives (AHIA
2014). Typically bed capacity ranges from 50-70 beds, in contrast to 8-16 beds for a conventional
(traditional standalone) ICU (AHIA 2014; CICM 2011).

The combined closed and open hybrid organisational model relies on a high level of
collaboration between intensivists and sub-speciality medical staff on patient triage for

admission, direct access to designated beds and clinical management goals. The aim is to



optimise access for both planned (post procedural) and unplanned (emergency) activity while
planning for routine ‘business as usual’ operational contingency that is resilient to changing

conditions and ensures clinical quality and safety (Ravitz & Pronovost 2015).

A high degree of process standardisation, an agile workforce that can be readily mobilised, and
effective leadership are essential enablers for organisational flexibility and reliability (Padgett et
al. 2017). The hot-floor is presumed to fulfil these requirements and thereby emulate two key
HRO principles, that is, sensitivity to operations (responding effectively to organisational
conditions such as the availability of beds and a skilled clinical workforce) and organisational
resilience (enhanced flexibility within existing resources) (Christianson et al. 2011). However, no
evidence-based evaluation has been conducted of the model in terms of size, activity and

patient throughput, the work environment or outcomes for nurses and patients.

1.3 Study purpose and significance

This study therefore seeks to determine if the ICU hot-floor model realises the presumed
efficiency benefits associated with better demand management while achieving organisational
effectiveness as reflected by patient and nurse outcomes. To address the knowledge gap this
research compares a hot-floor and a conventional (traditional) ICU across quality management

domains of organisational structure, processes and outcomes.

Limited evaluation of critical care organisational interventions is evident in the available
literature (Pastores et al. 2015). Further examination is warranted to better understand the
factors that will foster the emergence critical care organisational models that effectively manage
population demand for intensive care and requirements for sustained reliability into the future.
Through this process evidence based recommendations can be generated that support
successful implementation and management of the hot-floor model as recommended in the

Australasian Health Facility Guidelines (AHIA 2014) for new and redeveloped ICUs.



1.4 Research questions

The complexity of the ICU environment necessitates multiple factors to be studied. To satisfy

this requisite the following research questions were explored:

1. What outcome measures, specific to critically ill patients, are mediated by
organisational factors?

2. What outcome measures, specific to ICU nurses, are mediated by organisational factors
and what is an appropriate survey instrument?

3. Is the closed (hybrid) hot-floor model capable of improving the management of
intensive care demand?

4. Do hot-floor patient outcomes differ to those in a conventional ICU including the patient
volume versus mortality association?

5. Does the hot-floor model influence nurse outcomes?

A quantitative study design was used to answer the research questions. The justification for the
design is based upon the theoretical and philosophical assumptions, described in Chapter 2,

which informed the conceptual framework for this research.

1.5 Thesis organisation

The structure of this thesis (see Table 1.1) initially outlines the impetus and background,
organisational characteristics of the hot-floor compared to the conventional ICU, and the

conceptual framework for the study.

Integrative literature reviews were performed to determine outcome measures associated with
organisational factors and the ICU work environment. Outcome measures identified for
patients, nurses and unit level effectiveness constitute the minimum datasets used to evaluate
the hot-floor model. Nurse outcomes identified provide the basis for selection of the survey
instrumentation used in the study. The methods employed and subsequent results are then

presented concluding with a discussion of the findings.
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Table 1.1 Thesis structure

# Chapter Summary
Chapter 1 Provides the impetus, purpose and research questions for the study.
Introduction
Describes ICU organisation and its evolution, clinical service delivery, models of
care and intensive care capacity planning. Operational management structures
Chapter 2 and quality management processes are also described to establish the

ICU organisation

Chapter 3
Literature review

Chapter 4
Methods

Chapter 5

Results

Chapter 6
Discussion

organisational context in which the research program was conducted and highlight
gaps in the literature. Theoretical and philosophical foundations that underpin the
conceptual framework for the research program are established.

Presents the changes encountered to structural factors and processes due to
organisational transition from the conventional ICU model to the hot-floor. Patient
and nurse outcome measures were determined through integrative literature
reviews. A published review paper on the patient volume-mortality association is
highlighted along with a second published manuscript that provides justification for
the nurse outcomes used and the survey instruments selected to evaluate the work
environment.

Study design, procedures, data management, analysis and ethical approvals are
summarised. Sample size estimates and recruitment criteria for patients and nurse
participants are then confirmed.

Attributes of the study settings are presented and compared including
organisational structures and patient throughput efficiency measures. Randomly
selected patient samples are then described including casemix and demographic
characteristics, which serve as controls to compare the typically heterogeneous
patient populations, followed by patient outcome results. Nurse sample profiles are
then described and results of the ICU nurse survey are presented on work and
demographic questions, the practice environment and burnout.

Provides a synopsis of results and interprets the study findings in regard to the
impact of the hot-floor model, advantages and disadvantages, achievement of high
organisational reliability. The implications for service planning, management and
policy are then proposed along with potential future research ion the organisation
of ICU and the hot-floor model.
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2 ORGANISATION, PROCESS, WORKFORCE AND QUALITY

Intensive care as a clinical specialty evolved more recently than others such as surgery and

obstetrics (see Figure 2.1).

Evolution Milestones

N
1593- | ® Europe, intermittent positive pressure ventilation (Versalius 1555)
1555 /
N
¢ UK, ICU model first introduced (Nightingale 1863), Australia Royal Prince Alfred Hospital established the first post operative
1854- recovery ward )
1885
N
¢ Europe, automated respiration (Matas 1902), Oxygen pressure chamber (Sauerbruch 1904), Rhythmic insufflation (Giertz 1916)
1902- J
1916
N
e US, iron lung (Drinker & Shaw 1927, Emerson 1929), US, post operative ICU (Dandy 1929)
1927- )
1929
N
* Scandinavia, piston ventilator (Morch 1947), Polio pandemic requiring mass mechanical ventilation (Lassen 1952), Denmark,
1947- first ICU (Ibsen 1953), Denmark long term ventilation (Bjork & Engstrom 1955)
J
1955
N
e US, Canada and Europe, proliferation of respiratory and post surgical ICUs, US, modern ICU based on ‘shock ward’ model (Weil
1955. 1960) )
1960
» US, UK and Europe, postoperative/respiratory ICUs proliferate, Australia first ICU St Vincent’s Hospital Vic. (1961), St Thomas’ h
Hospital London 24/7 Intensivist cover (Spencer 1966), ICU nursing specialisation, Microprocessor ventilator (1971), Dedicated
1960- physiotherapists, pharmacy & other allied health, Professional societies established, ICU accreditation )
1980
~
e General ICUs transitioning to specialty cardiothoracic, neurosurgery & trauma services, ICU ‘hot-floor’ model emerges, High
1980- dependency beds in select ICUs, Predictive patient outcome modelling & case mix adjustment, Increasing point of care
2017 complexity, Extracorporeal support therapies, ICU outreach and rapid response teams, End of life planning
J

Figure 2.1 Key milestones in the evolution of ICU as a clinical specialty

Development of intensive care stemmed from the recognition that patients with a life-

threatening illness or injury could be better managed when concentrated in dedicated specially

equipped and staffed units (Grathwohl & Venticinque 2008). Florence Nightingale was credited

with initially grouping the most severely injured soldiers closest to nursing stations in wards

during the Crimean War (Wiles & Daffurn 2002). An examination of the relationship between

management of military trauma and the organisational characteristics of the ICU concluded that

Nightingale’s organisation of nursing care established the concept for intensive care wards

(Grathwohl & Venticinque 2008).
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The polio epidemic of 1947-48 spread through Europe and the US, resulting in an eventual
breakthrough in the treatment of respiratory paralysis (Frost 1976) and the proliferation of
respiratory ICUs. General ICUs for critically ill and postoperative patients were subsequently
developed for similar reasons (Kelly et al. 2014; Takala 2014; Weil & Shoemaker 2004).
Cardiothoracic surgery was the main driver for small ICUs being established during the 1950s —
60s for postoperative recovery (Carlson, Weiland & Srivathsan 1996; Fairman & Kagan 1999).
The Society of Critical Care Medicine (SCCM) then recommended promulgation of the ICU model
to a broader range of critically ill patients (Weil & Tang 2011). Subsequently, sub-specialty ICUs
began to emerge with multiple units being established within large tertiary hospitals, and
progressive amalgamation of these units resulting in evolution of the integrated critical care

service hot-floor model.

2.1 ICU organisation and model of care

The terms intensive care, high dependency care and critical care are generally used
interchangeably to describe clinical management of patients with a critical illness. In an acute
hospital the ICU provides a pivotal clinical support service for medicine, surgery, emergency and,
in tertiary hospitals, clinical sub-specialties including cardiac surgery, severe trauma,
transplantation and neurosciences. As a central clinical support service (see Figure 2.2) ICU
activities aim to respond efficiently to operational fluctuations from multiple sources to support
patient flow, and effectively facilitate clinical goals and outcomes for a broad range of patient

cohorts.

Diagnostics

Planned Interventions
admissions

Figure 2.2 ICU as a central clinical support service
(Regli & Takala 2006a)
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Admission sources include postoperative recovery, emergency, inpatient wards due to clinical
deterioration and inter-hospital transfers. In addition to patient referrals the ICU increasingly
plays a role beyond its physical perimeter, providing hospital wide rapid response and extended
clinical support services such as vascular access and total parental nutrition. Maintaining these
services, while ensuring timely access to beds and controlling unit occupancy at a level that
supports a healthy work environment, without sacrificing the safety of patients transitioning to
wards due to premature discharge, is a constant organisational challenge (Eriksson et al. 2017).
An ICU demonstrates high organisational reliability where high-risk clinical activities are
efficiently managed and effectively executed according to evidence based clinical and

organisational standards (Sutcliffe, Paine & Pronovost 2017).

In 2009 the ‘Declaration of Vienna’ (Moreno, Rhodes & Donchin 2009) mandated physical and
operational standards for organising the care and ensuring the safety of critically ill patients.
This foundation for the development of standards was adopted internationally (Paiva 2015) by
the Society of Critical Care Medicine (SCCM) and European Society of Intensive Care Medicine
(ESICM) (Thompson et al. 2012; Valentin & Ferdinande 2011). In Australia, the College of
Intensive Care Medicine (CICM) (2011) stipulates minimum standards for structural or physical
inputs, operational and clinical processes, staffing and quality management, and are available

at https://www.cicm.org.au/Resources/Professional-Documents#Policies. Standards are

stratified into three levels of ICU services ranging from level one with low patient volume and
complexity typical of a small district hospital, to level three found in a tertiary hospital with a

large patient volume and high complexity.

Planning principles adhere to these standards (AHIA 2014) to support the level of service
complexity to be delivered (Djukic et al. 2010; Halpern 2014). In Australia, the AusHFG promote
three physical layouts for intensive care based on the closed ICU model including the standalone
conventional General ICU (GICU), combined coronary critical care unit and the integrated ICU
hot-floor model where segregated sub-specialty ICUs exist within a single hospital. Increasing
emphasis on organisational factors reflects changing perceptions about what contributes most
to improve staff and patient outcomes (Frankel & Moss 2014; Hung et al. 2013). Despite
promotion in the AusHFG guidelines, little evidence exists on the benefits and limitations of

these organisational models. The aim of this study is address this gap by comparing the
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conventional ICU model with the hot-floor model according to CICM and international

recommended standards (see Table 2.1).

Table 2.1 Organisational and structural characteristics (2013 to 2014)

ICU Conventional ! Hot-floor
Do Recommended
Organisational Structural Factors Model Model
Attribute (v Denotes requirement present)
Physical e |CU layout and functional relationships v’ Centralised v Geographically
Environment

Distinct organisational and geographic entity
for clinical activity and care

ICU size > 8 beds

Bed type ICU with or without HDU

Patient volume for sufficient admissions to
ensure quality of performance for clinical
interventions while avoiding operational
fatigue, access block (>400 mechanically
ventilated patients per annum)
Occupancy ~ 75%

Appropriate equipment e.g. all beds with
equivalent equipment

Adequate resources

Isolation room ratio of 2 rooms per 8-10
beds

Patient visibility
Traffic management
Noise level

v

v' 8-16 beds

ICU
v

v
v" Dedicated

v" Controlled

v

v Good
v" Controlled
v" Controlled

dispersed pods
v

> 24 - 70 beds
ICU + HDU
Increase patient
throughput or
volume per bed

Increased
Decentralised

High fluctuating
consumption
Higher ratio with all
single rooms
common
Reduced
Higher
Higher

1. Collated recommended by international and local professional colleges and societies mandated by
accreditation criteria (CICM 2011, 2014; Thompson et al. 2012).

The conventional ICU is an organisationally and geographically segregated unit typically with ICU

beds situated round a central staff station (see Figure 2.3). There is a single ICU bed type that

has, in the Australian context, a default one nurse to one patient ratio (AHIA 2014) limiting

operational flexibility.

Patient volume is controlled by stringent triage criteria such as need for mechanical ventilation

orra et al. and unit OCCupancy Is typ|ca Yy o lower than the available capaC|ty to
(T |. 2016) and uni is typically 25% | han the availabl i

provide operational contingency if required (Jones 2010; Tierney & Conroy 2014). Limitations

include delayed access (Halpern 2011; Howell 2011), premature discharge (Tanaka & Ramaiah

2014) and increased inter-hospital transfers of critically ill patients (Sokol-Hessner et al. 2016).
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Figure 2.3 Conventional (traditional) ICU conceptual model

In contrast, the hot-floor has a large bed capacity geographically dispersed across multiple
clinical pods (units), each representing a critical care sub-specialty in a designated area, that

shares common administrative, utility and staff support areas (see Figure 2.4).

Medical/Surgical Trauma

ICU & HDU I/
Patient rooms

/ Family lounge N
Cardiothoracic Surgery Neurosciences
ICU & HDU @ ICU & HDU
Figure 2.4 Conceptual representation of the hot-floor model

The progressive organisational shift towards an integrated service model of clinical sub-specialty
conventional ICU pods has recently been described by Rashid (2014b) and the assumed benefits

of segregated sub-specialty units are being challenged. For example, a large retrospective cohort
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study of risk adjusted outcomes of 84,182 patients across 124 ICUs by Nguyen and Milbrandt
(2009) concluded that there was no significant difference in length of stay or survival between
specialist units and integrated general ICUs. Organisational segregation that promotes super-
specialisation of staff has also been implicated in limiting workforce mobility across units within
a single hospital (Parmeshwar, Vishwanathan & Kumar 2015; Timmers, Joore & Leenen 2014;
Vincent & Rubenfeld 2015). Staff development through a mentored clinical rotation program
with frequent rotation cycles can be effective but unfamiliarity with the work environment, local
clinical staff and a sense of lost clinical expertise and autonomy may undermine this strategy

(Kramer & Zygun 2011).

This limitation may be exacerbated during periods of peak activity when patients need to be
distributed across sub-specialty units, but this is restricted due to staff being unable to manage
a broader range of patient diagnoses and associated clinical interventions impeding any
operational contingency (Estabrooks et al. 2005; Meadows, Rattenberry & Waldmann 2011). In
addition potential efficiency due to benefits from economies of scale for the management of
goods, services and human resources is lost due to organisational silos (Garland 2013; Stock &

McDermott 2011).

In contrast, seamless functional relationships (Meadows, Rattenberry & Waldmann 2011),
enhanced standardisation (Reddy & Guzman 2015) and shared resource utilisation is enabled by
service integration across multiple pods within the hot-floor. Different bed types across the
whole service create greater flexibility within the available bed capacity (Scala 2012). Broader
standardisation of care protocols, equipment, shift patterns, education and training facilitates
workforce transferability (Buchan et al. 2017). Enhanced staff agility supports improved
matching of skillmix and ratio’s with patient acuity to create responsive and resilient

organisational contingency for timely patient access (Dodek, Keenan, Norena & Wong 2010).

Improved access to ICU beds particularly for unplanned admissions has been suggested (Harris,
Singer, et al. 2015) along with better support for patients transitioning to lower intensity wards
due to the direct internal access to intermediate care beds. Importantly, this may reduce after-
hours transfers (after 6pm and before 6am) and unplanned readmissions (Gopal, Terry &
Corbett 2010; Hanane et al. 2008; Kramer, Higgins & Zimmerman 2012). The risk of mortality is

reported to increase due to after-hours discharge though the association is not definitive. In a
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study of 76,690 ICU patients by Pilcher et al. (2010), 18.2% of patients discharged after-hours
had a higher readmission rate (6.3% vs. 5.1%, p< 0.05) and higher mortality (8.0% vs. 5.3%, OR
1.42, 95% Cl 1.32-1.52; p < 0.0001). Conversely, a more recent study of a similar population of
8,539 patients of which 16.4% were discharged after-hours, found mortality for each group 4.8%
and 7.4% respectively (p<0.001) but after risk adjustment for illness severity after-hours
discharge was no longer a significant predictor of mortality (Santamaria et al. 2015). Though the
association with patient outcomes may be controversial, the added risks associated with after-
hours discharge are well documented with any reduction considered beneficial (Gantner et al.

2014; Santamaria et al. 2011).

Timely access, high patient through put and lower after-hours discharge rates assumed to be
characteristic of the hot-floor infers that a relatively higher volume of patients and unit
occupancy can be effectively managed due to greater operational flexibility. Increased volume
has been associated with improved mortality outcomes for ICU patients with a high severity of
iliness though this is not consistent for all patient cohorts (Shahul et al. 2014; Sjoding et al. 2015;
Walkey & Wiener 2014). An integrative review by Abbenbroek, Duffield and Elliott (2014a) (see
Appendix 1) of studies into the association between patient volume and mortality in ICU
suggests an upper volume threshold exists at which point the mortality benefits of volume are
lost, an observation also supported by later reviews (Kuiper & Girbes 2015; Reddy & Guzman
2015). However, thresholds have been found to vary across clinical conditions, such as
respiratory failure and sepsis for example, as the volume-outcome relationship may be related

to the complexity of diagnosis and management in these conditions (Nguyen et al. 2015).

Contributing factors are not well defined but increased workload and operational fatigue may
lead to a break down in clinical processes, increasing risks for iatrogenic adverse events when
the balance between volume and workload is not effectively managed (Abbenbroek, Duffield &
Elliott 2014a; Iwashyna, Kramer & Kahn 2009; Manojlovich, Antonakos & Ronis 2010). High unit
occupancy has been found to exacerbate volume and workload (Halpern et al. 2006) further
putting patient outcomes at risk (Haerkens et al. 2015) and the work environment may also be
compromised subjecting staff to greater risk of dissatisfaction and burnout (Bagshaw et al.
2017). Burnout is characterised by emotional exhaustion associated with depersonalisation and

decreased personal accomplishment to a point where fatigue, exhaustion, and detachment
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coalesce and clinicians feel they no longer contribute meaningfully (Lyndon 2016; Tourangeau,

Cranley, et al. 2010).

2.2 Operational management and care processes

The CICM guidelines recommend that ICU operations and clinical care processes are carried out

according to a defined policy framework and evidence based protocols. Operational

management and clinical processes are compared in Table 2.2 for both ICU models. High

organisational reliability and CICM standards require these activities to be regularly audited and

benchmarked against other units to ensure continuous quality improvement and drive an active

research program into factors that contribute to positive outcomes.

Table 2.2 Operational management and clinical processes (2013 to 2014)

Oraanisati . Conventional ' Hot-floor
rganisational Required Model Model
Attribute Process Factor ode . ode
(v Denotes requirement present)
Operational e Operates as a ‘closed’ unit managed by v Hybrid model with
Management the ICU team increased external
team involvement
e 24-hour access to pharmacy, pathology, v v
operating theatres and medical imaging
services
o Timely access to ICU beds Bed base Bed flexibility may
inflexibility improve access
e Clinical specialisation General General plus
subspecialties
e Controlled patient casemix e.g. v Controlled High variability
diagnosis, complexity, severity of illness
via triage
Flexible patient flow Limited High flexibility
e Work undertaken outside the ICU v v
including outreach service
Clinical e Multidisciplinary team rounds for patient v v
Processes review
e Defined daily treatment goals v v
e Standardisation v v
e Protocols, checklists and guidelines for v v
clinical practice
e Compliance with clinical prophylaxis v v
regimes e.g. FASTHUG’
v v

Structured shift handover

1. Collated requirements recommended by international and local professional colleges and
societies mandated by accreditation criteria (CICM 2011, 2014; Thompson et al. 2012).
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Both models are similar for a majority of operational and clinical processes though some
differences are evident. The hot-floor promotes greater involvement of specialist clinical teams
in the control of admissions and coordination of clinical management within the assigned sub-
specialty pod. The ‘purist’ closed ICU model is modified to create a hybrid model that
incorporates elements of both closed and open operational policies for admission. That is, the
specialist team predetermines its elective admission list independently to the intensivist but
adjusts to accommodate unplanned activity triaged by the intensivist as required. Optimising
this balance to achieve stronger specialist team engagement may have a positive impact on
patient outcomes (Kramer & Zygun 2014; Yoo et al. 2014). Successful management of an
interdisciplinary ICU hot-floor therefore requires a philosophy that encourages staff to cross-
specialise with appropriate training to foster a broader skill mix that can maximize staffing
flexibility (Pati, Harvey & Cason 2008) and foster interdisciplinary collaboration (Regli & Takala
2006b; Yoo et al. 2014).

Regardless of the organisational model, timely patient access to ICU is imperative to minimise
any delay to definitive treatment that may adversely affect patient outcomes (Cardoso et al.
2011; Hung et al. 2014). Effective operational management requires planned contingency for
fluctuating bed demand, supported by an appropriately skilled and agile clinical workforce (Patri
& Suresh 2017). As an integrated service model, the hot-floor promotes cross-specialisation of
staff creating greater contingency than the conventional ICU to meet demand. A broader range
of patient dependencies may also permit alternative nurse:patient ratios beyond the traditional
one nurse to one patient ratio (ACCCN 2016) to further enhance operational flexibility. These
operational qualities suggest the hot-floor model may possess a higher resilience to changing

conditions, an essential quality for high organisational reliability (Aboumatar et al. 2017).

Both models promote a high level of multi-disciplinary collaboration, structured clinical rounds
and standardised evidence based practice. However, a factor that may impact on organisational
effectiveness of the hot-floor may be large bed capacity and unit size requiring a larger number
of patients to be reviewed during clinical rounds and limited time available for clinical
assessment and planning of patient care (Ward & Howell 2015). Organisational characteristics
such as size and physical layout have been suggested as influential factors for the adoption of

care processes (Dodek et al. 2012; Frankel & Moss 2014) that can affect patient outcomes.
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Additionally, the degree to which an ICU is operated as an open versus closed model may
influence the level of standardisation and compliance achieved (Checkley et al. 2014; Daneman
et al. 2013; Treggiari et al. 2007). In contrast to an apparent high level of standardisation, large
multi-speciality ICUs may have a lower level of clinical standardisation due to increased
involvement of external primary clinical teams in patient care (Matlakala, Bezuidenhout & Botha
2014a). The potential impact of external clinical teams directing ICU clinical care is however not

well understood, highlighting the need to evaluate this collaborative model (Garland 2013).

An early study of patient characteristics and outcomes at University Hospital of Berne (Regli &
Takala 2006b) provides some insight into the influence of these factors. Before and after
transition to a hot-floor model, length of stay and patient mortality were monitored from 1998

to 2003 (see Table 2.3).

Table 2.3 University Hospital of Berne: ICU patient data from 1998 to 2003

1998 1999 2000 2001 2002 2003
# of patients 2,799 2,682 3,029 3,221 3,081 3,338
SAPS-2 score (mean) 29.8 30.2 28.3 28.0 29.5 29.3
LoS ICU days (mean) 3.6 3.4 2.8 24 2.3 24
Age (mean) 60.1 59.9 60.8 59.6 60.0 59.5
Mortality (%) 8.2 1.7 6.5 5.6 6.0 5.5

SAPS: Simplified Acute Physiology Score, LoS: Length of Stay. Source: Regli & Takala (2006) pp: 118.

In this scenario five separate specialty ICUs were merged into a hot-floor in 1999. After the
merger a sustained reduction in the mean length of stay from 3.6 days to 2.4 days was observed.
The mortality rate also demonstrated a sustained decrease from 8.2% to 5.5% despite an
increase in activity and no change in mean patient age or severity of illness. Improved patient
outcomes were therefore attributed to enhanced operational synergies and improved
compliance with standardised evidence based practice following colocation of previously

segregated sub-specialty units into an integrated hot-floor model (Regli & Takala 2006b).

2.3 Workforce

The ICU workforce consists of multidisciplinary professional groups collaborating in a highly
structured team to provide clinical management to critically ill patients (Curtis et al. 2006). The

team is typically led by a senior medical clinician and coordinated by a senior nurse or nursing
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manager with ancillary and administrative staff providing essential clinical support (Curtis et al.

2006; Young & Birkmeyer 2000).

Intensive care requires high human resource inputs; at least 55% of total ICU costs relate to
staffing (Bertolini et al. 2003; Eager 2006). As previously noted, the standard ICU model of care
in Australia is based on Registered Nurse (RN) staffing ratios of one nurse to one patient across
24-hours (CICM 2011), one of only a limited number of countries that has adopted this nurse
staffing model nationally in ICU. This ratio is also specified by the Australian College of Critical

Care Nurses (ACCCN 2016; Williams 2009).

The relationship between the nurse to patient ratio and staff skill-mix, and adverse events and
quality of patient care in acute care settings has been studied extensively internationally (Clarke
et al. 1999; Harding & Wright 2014; Neuraz et al. 2015; Penoyer 2010). Collectively there is
definitive evidence on the negative impact of reducing the ratio of registered nurses providing
direct patient care in ICU (Falk & Wallin 2016; Pastores 2015). Patient outcomes including rates
of hospital acquired infections, pressure ulcer incidence, medication errors and delayed
detection of clinical deterioration are associated consequences (Penoyer 2010; Shekelle 2013;

Thompson et al. 2013).

While staffing, as a major driver of costs is easily quantifiable, the cost saving opportunities
associated with patient outcomes are not so evident. An early prospective study of 80 Italian
ICUs examined core ICU characteristics including unit type, bed capacity, activity, occupancy,
average length of stay, mortality rates and tertiary affiliation in relation to labour costs per ICU
patient (Bertolini et al. 2003). A link between labour costs, mortality and length of stay was
found along with an inverse relationship between increasing bed numbers. A threshold of 12
ICU beds was the point at which costs decreased and remained relatively stable as bed numbers
continued to increase (see Figure 2.5) and the study concluded that small ICUs (<6 to 10 beds)

were too costly in terms of labour-based resources.

Subsequent ICU costing studies supported the association between cost efficiencies and a larger
ICU capacity (Edbrooke et al. 2011; Rossi et al. 2006; Tan et al. 2008). Staff turnover is also a
major factor contributing to labour costs, and is associated with not having staff available, casual
staff requirements for replacement, recruitment, orientation and training costs; all collectively

contribute to decreased productivity (Duffield & O'brien-Pallas 2002).
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Figure 2.5 Relationship between labour costs and number of ICU beds

Source: (Bertolini et al. 2003) pp.2309

Critical care nurses have a relatively high attrition rate compared to other nursing specialties
(Laporta, Burns & Doig 2005; Mosallam, Hamidi & Elrefaay 2015). Intensive care nursing is
demanding both physically and emotionally with a high proportion of time spent on night duty.
Increased attrition of experienced critical care nurses reduces the proportion of proficient
qualified staff; this impact is exacerbated in large tertiary ICUs where the point of care is
becoming increasingly more complex (Laerkner, Egerod & Hansen 2015); an important issue

when exploring the impact on staffing of the hot-floor model.

The Australian College of Critical Care Nurses (ACCCN) Workforce Standards for Intensive Care
Nursing (2016) and the CICM Minimum Standards for Intensive Care Units (2011) clearly
articulate workforce requirements in relation to unit size and complexity. Importantly, ACCCN
nursing workforce standards are supported by CICM, which also outlines workforce standards
for medical, allied health and ancillary support staff. Table 2.4 summarises the workforce
characteristics of the conventional and hot-floor model according to recommended professional

standards.
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Table 2.4 Workforce characteristics (2013 to 2014)

Oraanisational Conventional Hot-floor
rganllsa o Characteristic Model Model
Attribute (v Denotes requirement present)
e Patient allocation 1.1 1:1,1:2,1:4
o Skill mix e.g. nurses ICU qualified v v’ Lower in a large staff
>50% cohort
o Dedicated qualified nursing v v’ Responsible for multiple
manager’ units supported by nurse
unit manager during
business hours
e After-hours ICU Nurse Manager Unit Team v Responsible for multiple
Leader units supported by unit
team leaders
e Clinical education (1 FTE: 50 1 per unit Less than 1 per unit due to
nurses) (<1FTE:50)  responsibility for multiple
units
e ACCESS?nurse ratio 1: 4 beds to 1 per unit <1 per unit due to
1: 8 beds (<1:8beds)  responsibility for multiple
units and well below
recommended standards
. Equipment manager (Nurse) v v
Staffing Nursing liaison service v v" Larger cohort of patients
required for follow up
e Research nurse v v Required to coordinate
trials and practice research
across multiple pods
e Typical nursing staff cohort 90-100 FTE 200-300 FTE
e Medical Director v v'Responsible for multiple
units
e Senior medical staff (clinical) 1FTE: 8-15 1 FTE per pod of 8-15
business hours. beds beds
o Senior medical staff (clinical) 1FTE:8-15 1 FTE for > than 15 beds
afterhours beds in multiple units
o Medical staff — rapid response and 1FTE 1 FTE for multiple units
extended ICU role
o Allied staff including pharmacist v v'Responsible for multiple
and physiotherapist units
o Ancillary clinical support and v v'Responsible for multiple
clerical staff units

Qualified leadership i.e. Medical Director is a Fellow of CICM (CICM 2011) and the Nursing
Manager ICU qualified (ACCCN)

ACCESS nurse provides Assistance, Coordination, Contingency, Education, Supervision and
Support (ACCCN 2016) with ratio dependent upon the proportion of qualified ICU nurses.
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Comparing staffing characteristics demonstrates close alignment in workforce structures for
nursing, medical, ancillary and allied health positions between both ICU models. The key
difference is the level of resourcing required for each model. The hot-floor uses a greater range
of nurse to patient ratios for staffing. This may support greater operational flexibility through
more options for staff allocation to respond to changing activity and acuity, and manage hospital
demands for clinical support outside the ICU (Jones et al. 2012; Salvatierra et al. 2014). The
ability to better match less experienced staff with lower acuity and less complex patients may
provide a staggered introduction to the ICU environment for progressive skill acquisition. The
large staffing cohort required for the hot-floor may mean the proportion of ICU qualified staff
remains well below the optimal level of 75% (CICM 2014) with more reliance on less experienced

nurses to staff the available beds.

Nurses working outside their skill levels may increase the risk for sub-optimal, and in some cases,
hazardous delivery of care (Rischbieth 2006). This increased need for mentorship and
supervision therefore places more pressure on senior clinical staff over prolonged time periods,
potentially contributing to increased burnout and turnover (Cho et al. 2009; Knani & Fournier

2013; Lewis et al. 2014).

In the high-risk ICU environment effective supervision requires adequate resourcing of front-
line management, education and clinical support roles, relative to the size of the clinical
workforce, beds and pods to ensure patient safety and promote staff welfare. Health
organisations may seek efficiencies in staffing by sharing roles across multiple units rather than
incrementally increasing resources in line with the size of the service. Under resourcing of key
roles may reduce their effectiveness and limit the success of the hot-floor in fulfilling the
requirements for high reliability, adversely affecting the work environment and staff and patient
outcomes. The large bed capacity and clinical workforce warrants front-line nursing
management positions allocated to each pod across 24-hours. This may be in the form of
additional clinical nursing managers that oversee multiple ICU pods of beds, each of which also
has a nursing team leader to coordinate and supervise clinical staff within the pod (ACCCN 2016).
Whilst this represents an additional cost it does provide a whole of service view across multiple
pods to manage staffing, skill-mix, resource allocation and patient flow, thereby optimising

operational flexibility (Matlakala, Bezuidenhout & Botha 2014b).
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Effective leadership, management, education and clinical support is also required to encourage
compliance with evidence based clinical processes that underpin high quality care and safety,
essential for patients with critical illnesses (Clarkson 2013; Gifford et al. 2013; Hewson et al.
2011). Resourcing, workforce characteristics, models of care, quality management initiatives
(e.g. checklists) and effective leadership, influence the effectiveness of care processes (Byrnes
et al. 2009). Visible, physically present, leadership is a strong determinant of how operational
management and care processes contribute to patient and staff outcomes (Fink 2011; Moneke
& Umeh 2014; Wong, Cummings & Ducharme 2013). Conversely, ineffective management and
the lack of support for clinical staff are predictors of satisfaction and subsequently nurse

retention (Duffield & O'brien-Pallas 2002; Tourangeau, Cummings, et al. 2010).

The nursing staff cohort of the ICU hot-floor may reach or exceed two hundred full-time
equivalent positions, depending on bed capacity and configuration, but in practice a larger staff
establishment (head count) is employed when part-time positions are considered. This large
number of staff may have a detrimental effect on workforce satisfaction in terms of group
dynamics, engagement, opportunities for learning and development, clinical support and
supervision (Braungardt & Fought 2008; Matlakala, Bezuidenhout & Botha 2014a; Schreiter &
Saeger 2011). Individual nurses may experience a sense of disconnection, reduced professional
inclusion and depersonalisation in such a large staff cohort (Van Bogaert, Olaf, et al. 2013).
Ultimately these attributes of the work environment and the detrimental impact on collegial
communications may lead to worse patient outcomes including adverse events, failures in

processes of care and increased mortality (Stalpers et al. 2015b; West et al. 2014).

The physical layout of the hot-floor with multiple clinical specialty pods may also break down
the visual and social cohesiveness of a unit, impacting on group dynamics, collaboration and
professional teamwork, particularly as ICU nurses are allocated to a single physical location for
the shift (Djukic et al. 2012; Olausson, Ekebergh & Osterberg 2014). Clinical cross-specialisation
contributes to operational flexibility. However, when nurses are allocated to a different clinical
specialty they may lose confidence in their skill and abilities, experience uncertainty that may
impact patient care (Cranley et al. 2012) and create a sense of lost autonomy (Papathanassoglou
et al. 2012; Twigg & McCullough 2014). Cross-specialisation requires staff to have consolidated

experiences in core clinical ICU skills and to be qualified in intensive care to confidently apply
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their knowledge and practical skills in an unfamiliar practice environment that also lacks a

familiar collegial support network (Willem, Buelens & De Jonghe 2007).

Workforce skill-mix, specialisation, size and cohesion influence staff beliefs, values and the
perceived value attributed to their work, all of which shape collective attitudes, behaviours and
organisational culture (Tsai 2011). The quality of a work environment has a strong association
with organisational culture, influencing staff outcomes, in particular job satisfaction (Tsai 2011).
Behaviours and attitudes can be influenced by promoting the organisational ethos or culture to
staff in a cohesive work environment where meaningful interaction occurs with managers,
fostering effective communication and collaboration to the benefit of staff and patients

(Timmers, Hulstaert & Leenen 2014).

A study of 2734 clinical staff in 23 Canadian tertiary and community ICUs found moderately
strong correlations between the size of the ICU and several organisational culture domains
(Dodek et al. 2011). Culture domain scores were generally favourable in all ICUs, with
moderately strong positive correlations between number of ICU beds and perceived
effectiveness at recruiting and retaining staff (r = 0.58; p < 0.01), quality of care (r = 0.66; p <
0.01) and medical director budgeting authority (r = 0.46; p = 0.03). Moderately strong negative
correlations were observed with frequency of events reported (r = -0.46; p = 0.03) and
teamwork (r = -0.51; p = 0.01). Differences in perceptions between staff in larger and smaller

ICUs therefore highlighted the importance of teamwork across units in larger ICUs.

Underpinning a successful nurse workforce model for the hot-floor is the provision of adequate
front-line management, education and clinical support resources. Solely increasing capacity,
activity and clinical staff, without proactive planning and resourcing the complete workforce
model, is not feasible and undermines potential benefits of the hot-floor (Reddy & Guzman

2015; Weled et al. 2015) and risks sustainability of the model (lwashyna & Kahn 2014).

Similarly, senior ICU trained medical staff, or an Intensivist, is required to be present on all shifts
to triage admissions and guide clinical care to maintain the quality of care and optimise patient
outcomes (Baharoon et al. 2014; Wilcox et al. 2014). Both ICU models in this study employ this
medical model, although the large bed capacity and high patient volume typical of the hot-floor
may increase patient to Intensivist ratios (Ward et al. 2013). Importantly the ratio of senior

medical staff to patients in ICU needs to keep pace as the demand for ICU increases and bed
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capacity grows. Senior clinical medical staff may be required to care for greater numbers of
critically ill patients, which in the context of increasing complexity, reduces the available time
per patient and to undertake other professional responsibilities (Ward et al. 2013; Ward &
Howell 2015). Deterioration of patient care and clinical outcomes, staff wellbeing, workforce
stability and teaching capability are a sign of insufficient staffing and must be proactively
managed to maintain ICU accreditation are closely linked (CICM 2014). As a consequence of
these factors the benefits expected from structural reforms are not realised (Braithwaite &

Westbrook 2005; Dedman, Nowak & Klass 2011).

Furthermore, senior nursing and medical staff may also be required to respond to rapid
response calls external to the unit for deteriorating patients in the hospital. Increasing work
external to the ICU places additional demands on ICU staff, in turn limiting internal operational
capability where no planned contingency exists (Jones, DeVita & Bellomo 2011; Mitchell, Schatz

& Francis 2014).

A limited number of studies have investigated the association between the organisational
attributes of large ICUs and their impact on staff outcomes (Dodek et al. 2011; Goldschmidt &
Gordin 2006; Matlakala, Bezuidenhout & Botha 2014a). There are considerable challenges in
establishing any causal relationships between organisational attributes and staff outcomes due
to multiple confounders that may contribute to the strength of association (Garland 2010).
Despite these challenges there is an imperative to explore the impact of the hot-floor
organisational attributes and how these can be managed to optimise staff outcomes, promote

high clinical quality and ensure sustainability (Garland 2010).

2.4 Quality management

Quality health care is safe, timely, effective, equitable and patient centric (Curtis et al. 2006;
Tropello et al. 2013). Three domains of quality health care were identified in 1973 i.e. structure,
process and outcome, which continue to be relevant in contemporary practice and to the
evaluation of ICU organisational models (Donabedian 1988, 2005; Duke et al. 2005; Whittle &
Shelton 2012). A fourth domain encompasses staff behaviours and beliefs reflected by an
interdependent mix of communication, interactions, professional practice and conduct, team

dynamics, power relationships, moral paradigms, knowledge and expectations (Dodek et al.
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2011). This complex interplay of human factors influences, and is a result of work environment,
climate and culture created by organisational structures, processes and the outcomes achieved

(Wagner et al. 2014).

Structure refers to the organisation of care with sources of variation including how the ICU is
integrated into the hospital or health care system, the size of the ICU, whether the unit is open
or closed, the type and amount of technology available, and the number, roles, and
responsibilities of ICU staff (Donabedian 2005; Whittle & Shelton 2012). Variation in these
structural features can affect the quality of care and the potential for patient recovery from
critical illness. For example, studies have suggested that patients managed in a closed ICU by
physicians with critical care training have better outcomes than patients managed in open ICUs
by generalists without critical care training (CACCN 2011; Dodek, Keenan, Norena, Martin, et al.

2010; Young & Birkmeyer 2000).

Process refers to the model of care delivery that encompasses what staff do, or fail to do, for
patients and their families (Curtis et al. 2006; Donabedian 2005). Delivering high-quality care in
the ICU requires the synchronous efforts of large numbers of clinical and nonclinical processes.
Operational management processes are strong determinants of clinical quality (Paiva 2015;

Pronovost et al. 1999; Reddy & Guzman 2015).

Outcomes refer primarily to the clinical results achieved following the delivery of critical care
(de Vos et al. 2007; Donabedian 2005). The measurement of clinical outcomes in critical care
has enabled risk-adjustment mortality models to be developed and the generation of
standardised mortality ratios for comparison across ICUs (Curtis et al. 2006). However, quality
clinical indicators such as adverse events, length of stay and unplanned readmission rates have
been associated with patient outcomes and provide a more comprehensive assessment of
service delivery (Kyeremanteng & D'Egidio 2015; van der Voort, van der Veer & de Vos 2012).
Cumulative information is required on mortality, clinical interventions, operational
management and patient throughput to evaluate performance (Garland 2005; Sawatzky, Enns
& Legare 2015). Parameters evaluated must have a primary relationship with systems and
processes for the delivery of care to provide a balanced assessment (Aidemark et al. 2010; Ben-

Tovim 2010; Brett 2011).
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The Australian and New Zealand Intensive Care Society (ANZICS) Australian Patient Database
(APD) and Centre for Outcomes Research (CORE) Critical Care Resources Survey (CCRS) provides
the linkage between clinical and administrative ICU data (ANZICS CORE 2013b) and is used in
this study for comparative purposes. Clinical and administrative datasets are however only two
pieces of the quality evaluation puzzle. Work environment elements including staffing, skill mix,
supervision and clinical support are also key determinants of quality of care (Clarke 2009) along
with staff satisfaction and retention, all of which need to be factored in to evaluate ICU
performance. A broad approach to outcomes measurement has therefore been adopted in this
thesis, encompassing patient and nurse outcomes, and unit level measures of organisational

effectiveness to evaluate the hot-floor.

2.5 Conceptual framework

To evaluate the relationship between ICU organisation and outcomes, an appropriate
framework is required that embodies the philosophical principles and theoretical foundations
previously described. The conceptual framework applied in this study is grounded in the early
structure, process and outcomes model (Donabedian 1988) that presumes workplace

organisational factors and structures affect processes and outcomes (see Figure 2.6).

Structure Process Outcomes

* |nstitution » What is done to » Whats happens
characteristics the patient to the patient

* Workforce
characteristics

Figure 2.6 Donabedian quality framework

The model guides the development of quality improvement strategies (Kramer, Schmalenberg
& Maguire 2010). However, the model does not comprehensively encapsulate the broader
range of unit and nurse outcomes influenced by organisational factors collected for this
research. More relevant is the conceptual framework defined in a multi-national study across
303 hospitals evaluating the impact of organisational support for nursing care on patient and

nurse outcomes (Aiken, Clarke & Sloane 2002) as illustrated in Figure 2.7.
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Figure 2.7 Interrelationships of organisational factors with nurse and patient outcomes
Source: (Aiken, Clarke & Sloane 2002) pp.7

In this model, outcomes are linked to organisational supports and inputs including staffing,
skillmix, resourcing, workplace support and inter professional collaboration, which facilitate
effective care processes. A high correlation was reported between these factors and nurse
dissatisfaction and burnout, and patient outcomes (Aiken, Clarke & Sloane 2002), and

conceptually aligns with the quality model proposed by Donabedian (2005).

However, one area of divergence from this study was the evaluation of patient outcomes using
nurse reported quality of care (Aiken, Clarke & Sloane 2002) as opposed to the current study
design which evaluates empirical unit, patient and nurse outcome data. As such, a study of
empirical nurse, patient and organisational factors by Meyer et al. (2009), employing the early
Patient Care Delivery Model (PCDM) (O'Brien-Pallas et al. 1997), better conceptualises the
interdependent relationships between work environment factors and outcomes. Furthermore
the PCDM aligns closely with the Donabedian (2005) and Aiken et al. (2002) models, and

accounts for empirical nurse, patient and unit level outcomes (see Figure 2.8).

Inputs and structures create the organisational context that influences the work environment.
Processes and throughputs determine what and how clinical interventions and patient care are
delivered. Patient, nurse and unit outcomes comprehensively capture the impact of on these
interrelated forces (Lankshear, Sheldon & Maynard 2005; Rafferty et al. 2005; Weled et al.
2015).
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Figure 2.8 Patient Care Delivery Model

Source: (Meyer et al. 2009) pp. 400

Increasingly organisational factors and process measures are becoming a focus of quality

management owing to the difficulty interpreting patient outcome measures in the critical care

setting due to the heterogeneity of patients (Kyeremanteng & D'Egidio 2015). The conceptual

framework (see Figure 2.9) for this study is therefore based on the PCDM as it encapsulates

structure, process and outcome domains and aligns with the quality management model used

in ICUs internationally (Murphy, Ogbu & Coopersmith 2015; Pronovost et al. 2008; Sakr et al.

2015). This conceptual framework guided the subsequent literature review and theoretical

assumptions underpinning the study methods.
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2.6 Summary

In this chapter the evolution of intensive care as a clinical specialty was described. Organisational
characteristics, unique to the ICU, were identified thereby establishing the structural
requirements of the traditional ICU. Organisational transformation in the form of regionalisation
and consolidation of services is being driven by increasing demand, high resource utilisation,
escalating costs and the need to maintain or improve the quality of care provided. These forces
provide the impetus for the emergence of alternative ICU organisational models. As a result
large capacity multi-specialty intensive care hot-floors are a priority in health service planning

for new and redeveloped ICUs.

The key concepts described in this chapter enable a comprehensive understanding of intensive
care service delivery in Australia, establishes the situational context for this research program
and provides a framework to evaluate the ICU hot-floor model. Interdependent structure,
process and outcome components of ICU quality management provide the conceptual
foundations for this research. The impact of changes required to physical structures, operations
and processes, changes on patient outcomes, nurse outcomes and organisational effectiveness
has not been evaluated. Moreover, it is not known if the hot-floor achieves the assumed benefits
attributed to this model. Understanding these phenomena is imperative to effective policy and

planning to ensure sustainability.

Evidence based outcomes for patients and nurses, and unit level effectiveness measures
mediated by organisational factors in ICU are required to operationalise the conceptual model
to evaluate the hot-floor. In Chapter 3 integrative literature reviews, performed to identify
pertinent evaluation measures for this study, are presented and the results incorporated into

the methodology underpinning this research.
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3 LITERATURE REVIEW OF ICU ORGANISATIONAL
OUTCOMES

3.1 Introduction

Hot-floor organisational characteristics described in Chapter 2, and the assumed benefits of the
model are summarised in Figure 3.1. Two separate literature reviews, each incorporating an
integrative review stage, were conducted to identify appropriate variables to evaluate the
impact of organisational factors on patient and nurse outcomes, and organisational

effectiveness of each model.

/ Structural \ / Assumed \ / Impact \
Changes Benefits

Integrated service model of Increased process and Patient access and
multiple sub-specialties practice standardisation throughput?
Hybrid closed ICU model Efficient operational

based on subspecialty synergies Quality of care and
collaboration on agreed patient outcomes?
management and goals, Flexible contingency to
coordinated by ICU improve demand
management Work environment and
Consolidated resources and nurse outcomes?
expertise, shared Patient outcomes
enhanced
Large bed capacity High reliability?

Healthy work environment
Large clinical workforce

managed across multiple units Constrain growth in bed Sustainable?
capacity and associated
Broad range of patient costs

dependencies

- NG DN /

Figure 3.1 Organisational characteristics of hot-floor model

Organisational factors and processes influence nurse outcomes (Checkley et al. 2014; Dodek et
al. 2015) and have a strong association with patient outcomes (Frankel & Moss 2014; Kesecioglu
et al. 2012). However, the impact of different organisational models is not as well understood
(Rashid, Boyle & Crosser 2014). In an early review of ICU design spanning a decade, Rashid (2006)
observed that the organisational, spatial, social and behavioural implications of the multiple-
pod ICU model were not well understood. Subsequently, two descriptive reviews of ICU
organisation were undertaken again by Rashid (2011, 2014a), but focused primarily on

therapeutic and staff work area design.
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Organisational restructuring is a planned undertaking in which hospital management
reorganises workflows, physically realigns services and units through mergers, rearranges and
redefines jobs, and alters reporting relationships with the goal of reducing costs or increasing
efficiency while maintaining or improving the quality of patient care (Burke, Ng & Wolpin 2011).
Health reforms adopted to improve performance impact on how an organisation functions, its
structures and the processes of care adopted (Timmers, Hulstaert & Leenen 2014). As hospitals
continue to restructure there is limited evidence to support that planned efficiencies and
improvements in quality of care are truly realised (Braithwaite et al. 2006; Clemens et al. 2014;
Duffield, Kearin, et al. 2007). Indeed post-restructure studies suggest that either no change has
occurred or a decline has been observed due to secondary impacts on the workforce and

subsequently, patient care (Kjekshus et al. 2014).

Tensions exist between clinicians and administrators due to a perception that organisational
performance and efficiency are prioritised over supporting advanced clinical practices, even
when directly attributable to better patient outcomes (Carney 2011; Gover & Duxbury 2012). A
causal relationship between organisational change at the hospital level and job satisfaction has
been established (Sablonniére et al. 2012; Teo et al. 2013). Clinician dissatisfaction is manifested
by poorer staff and patient outcomes, and is counterproductive to achieving efficiencies and

cost savings (Dodek et al. 2015) .

The nursing workforce represents the largest professional cohort in health and as such is usually
subject to efforts to reduce labour costs through organisational restructuring resulting typically
with the loss of clinical support positions, increased workload, reduced middle management and
increased executive turnover (Duffield, Kearin, et al. 2007; Duffield, Roche, et al. 2011; Moneke
& Ogwo 2014). Nurse to patient ratios are often the focus across all acute care settings with
ongoing industrial action continuing internationally and in many Australian jurisdictions (Drake

2014; Wallis 2015).

Changes to macro level structural factors due to organisational restructure are thought to be
associated with diminished job satisfaction, higher levels of burnout, greater psychological
distress, heavier workloads and greater attrition among nursing staff (Burke, Ng & Wolpin 2011;
Willem, Buelens & De Jonghe 2007; Zayan, Reizian & Hamouda 2013). For nurses experiencing

organisational change the presence of strong effective leaders results in significantly less
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emotional exhaustion, greater workgroup collaboration and teamwork with physicians, more
satisfaction with supervision and their jobs, and fewer unmet patient care needs (Cummings,
Hayduk & Estabrooks 2005). Effective interaction between the leadership and employees
influences work behaviours, attitudes and team collaboration thereby supporting the objectives
of organisational restructuring and ultimately enhancing job satisfaction (Nosrati et al. 2013;

Tsai 2011).

In general, medical ICU staff report a higher impact on job satisfaction than nurses when asked
about organisational structures (Myhren, Ekeberg & Stokland 2013). Organisational restructure
in particular, involving merging and integration of hospital and clinical specialties, is associated
with diminished job satisfaction (Mascia, Morandi & Cicchetti 2014). Organisational
restructuring is negatively perceived as being a result of organisational politics and increased

accountability are key drivers of change.

This Chapter reports on the two separate literature reviews that were conducted to identify
outcomes for patients and nurses that are mediated by organisational factors, along with
measures of unit level efficiency for use in this research. Each literature review was conducted
in three stages. These comprised a standalone scoping evaluation of available review studies
and identification of relevant measures, integrative review of empirical studies that had applied
the identified measures followed by an evaluation of congruence of the selected measures with
clinical and professional practice. Subsequently, the nurse outcomes identified were then used
to assess the survey instruments identified in the literature and determine their relevance to

this study.

The objective of this approach was to develop a suite of evidence-based outcomes and measures
of organisational effectiveness and identify the appropriate instrumentation that together form
the basis for evaluating the hot-floor and conventional ICU models. This enabled research
question 1) ‘What outcome measures, specific to critically ill patients, are mediated by
organisational factors?’ and research question 2) ‘What outcome measures, specific to ICU
nurses, are mediated by organisational factors and what is an appropriate survey instrument?’

to be addressed.
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3.2 Patient outcomes and unit level measures

Quality of care is inextricably linked and mediated by clinical practice, organisational
management and a skilled workforce (Hariharan & Kumar Dey 2010; Render et al. 2011). Patient
outcomes are defined as indicators of change in health status of a patient or a population, ideally
casemix adjusted, that result from the process of clinical care and/or the organisational
structures for service delivery (Brett 2011; Timmers, Hulstaert & Leenen 2014). Outcome
measures in general lack universal and robust risk-adjusted supporting evidence limiting their

utility (Duke et al. 2005; Kyeremanteng & D'Egidio 2015).

Heterogeneity of ICU patient populations is known to confound the causal and inferential
relationships that may be observed in patient outcome studies of organisational factors, thereby
limiting generalisability of findings to the broader ICU patient population (Skinner, Warrillow &
Denehy 2015). To mitigate this limitation patient outcome and organisational effectiveness
measures, selected for a quality indicator dataset, need to be clinically relevant, evidence based,
clearly defined, therapy independent, case-mix adjusted and universally applicable (Braun et al.

2010; Kyeremanteng & D'Egidio 2015; Martinez et al. 2014).

These key requirements underpin the need for an integrative review of the literature (Stage 2)
that included a diverse range of research designs and methods in experimental, non-
experimental, qualitative and quantitative studies. This broad perspective enriches the
understanding of outcomes measurement through the application of a systematic analysis and

synthesis to draw conclusions (Cope 2014; Whittemore & Knafl 2005).

3.2.1 Integrative review of patient and unit measures

The review of ICU quality management practices presented in Chapter 2 highlighted the lack of
a validated set of patient outcomes known to be associated with organisational factors that can
be used to compare different organisational models. Therefore, a three-stage literature review
involving an integrative review of available empirical studies (Stage 2) was performed to identify
the minimum dataset of patient outcomes and unit level measures for this study (see Figure

3.2).
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Stage 1
Literature review of quality management reviews in acute care and ICU

Stage 2
Integrative review of empirical studies of patient outcomes
and unit level organisational effectiveness measures

Stage 3
Congruence between
variables and practice
settings

Figure 3.2 Literature review stages for patient and unit level variables

In Stage 1 a scoping review of acute care and ICU quality management reviews was conducted
to identify the initial set of measures, or quality indicators, to be evaluated by integrative review
of relevant empirical studies then through congruence with accepted clinical practice and
standards. Reviews of acute non-intensive care settings were included in recognition of the need
to select quality indicators translatable to a broader range of acute care settings. The aim of this
approach was to ensure relevance to organisation wide performance assessment and
transferability when comparing across services (Burston, Chaboyer & Gillespie 2014; Stalpers et

al. 2015a).

Stage 2 used integrative review methodology to explore empirical studies of quality indicators
of ICU organisational and structural characteristics identified in the scoping of ICU quality
management reviews in Stage 1. The integrative review of evidence pertaining to adult patients
receiving critical care sought to identify organisational factors demonstrated to be associated
with patient outcomes in both qualitative and quantitative studies. The review searched
CINAHL, EMBASE, PubMed and OVID Nursing databases to provide comprehensive coverage of
health services management research. Study types explored included cohort, case-control and
cross-sectional studies. No randomised controlled trial level evidence was included as these

primarily target specific therapies and procedures, and it would be both impractical and not
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ethically sound to randomise critically ill patients for definitive intensive care for research

purposes (Dreyer et al. 2010).

Similarly, individual case reports were not included due to the focus on specific clinical
treatments. Editorials and grey literature were not included in the analysis however they were
retained to inform the contextual background for the study. Publications from all geographical

regions were included, filtered for English language, from peer-reviewed journals.

In Stage 3 quality indicators found to be significant were then compared to those routinely
collected or recommended by professional societies and regulatory accreditation agencies e.g.
Australian and New Zealand Intensive Care Society and the Australian Council of Healthcare
Standards (ACHS 2015; ANZICS CORE 2014b). Congruence with these datasets provided
assurance that the measures selected had the operational and clinical relevance required to

support generalisation of findings (Render et al. 2011).

3.2.2 ICU quality management reviews

The initial search targeted review papers of studies undertaken within acute and critical care
environments, including studies of nurse sensitive outcomes, which were published between
2005 and 2013 inclusive. Increased interest in quality management, particularly in relation to
ICU, was evident in the available literature from 2005 with several seminal studies published
between 2005 and 2008; hence the extended review period (de Vos et al. 2007; Garland 2005;
Stockwell & Slonim 2006; Welch, Harrison & Rowan 2008).

Key search terms included inter-changeable terms used commonly when referring to intensive
care used in conjunction with Boolean search symbols i.e. ‘intensive Care unit’ OR ‘ICU’ OR
‘critical care’, searched in all fields. Similarly, interchangeable search terms ‘outcome*’ OR
‘quality’ OR ‘indicator*’ were used in the title search fields targeting primary review studies. The
search algorithm used was (‘Intensive Care Unit.af OR ‘ICU.af’ OR ‘critical care.af’) AND
(‘outcome*.ti’ OR ‘quality.ti’ OR ‘indicator*.ti’). The objective was to identify studies that used
quality indicators to evaluate organisational factors, patient outcomes and organisational
effectiveness. A total of 136 published review papers were identified of which 106 unique
publications were retained for abstract review, following which 87 review studies were retained

for full analysis as summarised in Figure 3.3.
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Figure 3.3 Quality management review search summary flow chart

The 87 reviews evaluated (see Appendix 2) included a broad range of narrative, best evidence
and systematic reviews of findings from individual studies of patient outcomes that found an
association with organisational factors. The literature review rubric developed by Green and
Bowser (2006) guided the quality appraisal of the review studies. Overall the reviews provided

a clear scope and purpose, included recent and relevant seminal primary studies at the time of
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the review, and established both the relevance and importance in regard to the association
between outcomes and organisational factors studied. Furthermore, relationships between the
primary studies evaluated were clearly articulated and a critique of research limitations,
including design and methodology, was provided indicating the reviews were good quality
(Green & Bowser 2006). The review studies were also broadly distributed across 18 health
systems internationally (see Figure 3.4) though primarily concentrated in developed nations

including Australia, Canada, the UK and the US.

2

7 1
64l
1 1

Figure 3.4 International distribution of quality management review studies

Health system differences limit opportunities for comparing national level indicators, unless
regional agreement on standards and definitions has been achieved such as in Western Europe
(Flaatten 2012). However, translation and repeatability of variables across multiple countries
suggests greater confidence in their validation. Each review study retained was assessed in
regard to the variables used, which were then collated into a matrix (see Appendix 2) to

determine their frequency as illustrated in Figure 3.5.
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Figure 3.5 Variable frequency of use in quality management review studies

Twenty-two variables, including 14 patient related outcomes and eight unit level measures of
organisational effectiveness were identified. A majority of the 22 variables were used in multiple
studies with mortality most frequently used in 60 studies while sedation scoring was used in
four studies. This reflects the established use of mortality as an evidenced based patient
outcome and the more recent adoption of process measures such as sedation scoring, glycaemic
control and stress ulcer prophylaxis as clinical best practice (Checkley et al. 2014; Mathioudakis

& Golden 2015; Weled et al. 2015).

Mortality is a ‘gold standard’ outcome measure used extensively as a dependent variable to
assess the quality of clinical care, organisational factors, management processes (Tourangeau
2011) and as the primary measure in outcome prediction models (Al Tehewy et al. 2010; Higgins,
Teres & Nathanson 2008). A significant body of literature supports mortality as a pragmatic
outcome measure of quality of care, clinical interventions and technologies (see Figure 3.5 and
Appendix 1) (Brand et al. 2013; Doerr & Hekmat 2014), securing its inclusion in this study of hot-
floor model. However, despite the extensive use of mortality as an outcome measure it is not
recommended as a sole measure of organisationally mediated outcomes and unit level
measures of effectiveness (Kyeremanteng & D'Egidio 2015; Lilford & Pronovost 2010; Welch,
Harrison & Rowan 2008).

The remaining 21 quality indicators were validated according to study quality and statistical
rigour. Five quality indicators, identified in stage one following the initial assessment of review

papers, were excluded including adverse events, stress ulceration, pain management, sedation
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scoring and glycaemic control. Adverse events, as a discrete outcome category, was used in 31
studies and encompassed a broad range of incidents, errors or accidents found to have a causal
relationship with patient safety, mortality, morbidity and length of stay (Nilsson et al. 2012; Park
et al. 2013). Nine variables identified are either actual, or increase the risk of, an adverse event
including unplanned extubation; venous thrombosis embolism prophylaxis (VTEP) compliance;
pressure injury; ventilation acquired pneumonia (VAP); central line associated bloodstream
infection (CLABSI); catheter associated urinary tract infection (CAUTI); stress ulcer prophylaxis
compliance; patient falls and failure to rescue. As such these variables provide surrogate
measures of adverse events per se therefore ‘adverse events’ as a discrete outcome category

was excluded from further analysis.

Gastrointestinal stress ulceration is considered an adverse event in critically ill patients and is
linked to a variety of pathological mechanisms such as low gastric pH, bacterial contamination,
hypo-perfusion of the gastric mucosa and the release of pro-inflammatory cytokines in response
to physiological stress related to critical illness (Quenot, Thiery & Barbar 2009). Early Studies of
patients at risk of stress ulcer-related bleeding indicate there is a benefit from routine
prophylaxis, which is regarded by some clinicians as best practice (Penner, Brindley & Jacka
2005). More recent studies, however, question whether routine prophylaxis is still warranted
for all ICU patients (Plummer, Blaser & Deane 2014). Furthermore, better haemodynamic
management preventing splanchnic ischaemia is increasingly considered a significant

contributing factor for the decrease in ulcer development (Barletta et al. 2016).

In terms of clinical compliance with prophylaxis measures, the studies reviewed no linkage was
made in any of the studies between compliance process of care protocols for prophylaxis and
the standard of ICU care or patient outcomes. Studies compared specific pharmacological
therapies with ongoing cause and effect controversy, with no conclusive studies on the impact
of compliance. In contrast, compliance with venous thrombosis embolism prophylaxis is
supported by a relatively larger body of evidence in the literature (see Figure 3.5) thereby VTEP
provides a surrogate measure of prophylaxis compliance in general enabling stress ulceration to

be excluded from further analysis.

Similarly, pain management, sedation scoring and glycaemic control in ICU are processes of care
driven by clinical protocols. However, studies evaluating these care processes in the literature

focus primarily on efficacy of therapies and the scales of assessment utilised (Arbour, Gélinas &
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Michaud 2011; Green 2013; Penning et al. 2014). In the quality management reviews evaluated
the association between these variables with organisational factors was not evident. It is
recognised that quality of clinical care is improved by these care processes, therefore their
presence in the study ICUs will be confirmed when site quality management practices are
compared to establish service similarities. Pain management, sedation scoring and glycaemic
control were thus excluded from further analysis and not included in the variable dataset for
this study.

As a result of excluding the five variables and including mortality into the final minimum dataset
16 potential variables were retained (see Table 3.1). This proposed dataset progressed to stage

two for integrative review and empirical evaluation.

Table 3.1 Patient and unit level outcome measures for empirical analysis

Category Measure
Unplanned extubation

Ventilation duration

Ventilator associated pneumonia

Central line associated bloodstream infection
Venous thrombosis embolism prophylaxis
Catheter associated urinary fract infection
Pressure injury

Patient falls

Access to an ICU bed

Length of stay

Occupancy

Volume

After-hours discharge

Delayed discharge

Unplanned readmission (to ICU < 72hours)
Failure to rescue

Patient Outcome

Unit Outcome

3.2.3 Integrative review of empirical outcome studies

Empirical studies conducted in ICU between 2008 and 2013 that explored the impact of
organisational factors on the 16 quality indicators identified were reviewed in stage two to
determine valid outcome measures for use in this study. Key search outcome terms, concepts
and the triage of empirical studies are summarised in Table 3.2. Inclusion criteria were studies
in English or translated, between years 2008 to 2013 involving the adult patient population.
Studies were excluded if an organisational factor was not evaluated, the study was external to
ICU, assessed a specific therapy or clinical intervention or diagnostic method, involved neonate

or paediatric patients, was diagnosis specific or targeted physiological predictive scoring.
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Table 3.2 Literature search summary of empirical ICU outcome studies

Electronic Databases:

PubMed, EMBASE, OVID Variable
g § & 5 £, o
2 = = (&) S > oS- 98
5 B 5 C=o < = 5 3 & % 3 BY o
c = - O -—_ = Q @ o = c Vv -
€ 8 = T B o E 2 @ £ 8 £ c 8 5o @8
© = b= 3 < T o 7 8 o = = 5 G 520 3
o] 5 5] S & [ < o L S S c S = L2 S ©
Search Terms /Concepts € - > 0 > ©0 a & < 4 2 = < 0 2= W Total
Boolean Symbols: S1  ‘intensive care’ OR ICU OR ‘critical care’ (all fields) 38,415
Al fields (Af.), Title (ti.), Explode
(exp), Truncate (¥) S2  organisation* OR structure* (title/abstract) 3,710,920
Filters: S3  outcome* OR indicator* OR measure* (title/abstract) 471,746
Years 2008-2013, Adult, Human,
English S4  S1AND S2 11,038
S5 S3AND S4 10,110
S6 = S5 AND outcome, measure 35 71 99 130 90 46 38 65 138 84 22 1670 129 124 39 242 3,022
Exc. Inc.

Excluded on title review! 14 63 79 107 78 34 24 61 103 56 9 1576 113 97 14 240 2668
Excluded on abstract review? 9 4 8 6 4 6 9 3 33 4 9 74 9 24 14 2 218
Empirical studies included 12 4 12 17 8 6 5 1 2 24 4 20 7 3 11 0 136

Notes: 1. Review papers and duplicates excluded with relevant titles of empirical studies retained 2. Excluded if (a) organisational factor not explored (b) external to ICU (c) specific to a
therapy, protocol/bundle or clinical intervention (d) diagnostic methods (e) neonate, paediatric or diagnosis specific (f) physiological predictive scoring.
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A total of 136 quantitative empirical studies were retained for full review and analysis. Studies
were aggregated into each of the 16 outcome measure categories to provide the frequency with

which each quality indicator was used in the empirical studies reviewed (se Figure 3.6).
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Figure 3.6 Quality indicator frequencies (lowest to highest)

Frequencies ranged from zero (Failure to Rescue) to 24 (Length of Stay) indicating repeatability
of each variable across the empirical studies. Repeated testing provided early validation of each

quality indicator in regard to inclusion for further analysis (Anthoine et al. 2014).

While an extensive body of literature exists on factors relating to patient deterioration and
Failure to Rescue (FTR), studies have been conducted primarily in areas outside of the ICU
(Hravnak et al. 2011). Using Failure to Rescue is a controversial measure of organisational
effectiveness due to conflicting definitions and multiple confounders that may contribute to the
event. Although used as a general indicator of hospital-level performance and quality of nursing
care there is little evidence to support using this as a quality or patient outcome measure within
the ICU (Blegen et al. 2011). In-hospital medical emergencies involving patient deterioration,
unplanned ICU readmissions and unexpected deaths largely result from failure to recognise and
respond promptly. Rapid response systems, managed by the ICU, are increasingly being

implemented to address this FTR issue (EImufdi & Weinert 2015). Exploration of associated
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benefits is extensive as reflected by the number of studies initially identified in this literature
review. However, the focus is beyond the ‘walls’ of the ICU therefore supporting exclusion of

FTR as an outcome variable for this study.

As a result, seven patient outcomes and seven unit level effectiveness measures were retained
for further analysis commencing with a quality appraisal of the empirical studies for each quality
indicator. Methodology underpinning an integrative literature review and the lack of standard
definitions for many of the quality indicators did not support the application of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) for quality appraisal of the
studies reviewed in full (Moher et al. 2015). Study methodology was therefore appraised using
criteria contained in the Critical Review of Quantitative Research Worksheet (CRQRW) (Miller

2006).

The CRQRW aligns closely with other well established quality review methodologies including
the Quality Assessment Tool for Quantitative Studies (QATQS) and the Strengthening the
Reporting of Observational studies in Epidemiology (STROBE) guidelines (von EIm et al. 2007).
While both appraisal tools have strong psychometric and interrater reliability qualities they were
not adopted in favour of CRQRW due to published studies questioning the viability of using
solely the STROBE criteria to evaluate the quality of studies and the need for a more thorough
broader psychometric evaluation in a range of research fields (Armijo-Olivo et al. 2012; da Costa
et al. 2012; Higgins & Green 2008). On review it is evident that CRQRW has much in common
with STROBE and QATAS in terms of the items assessed. Based on study quality 15 variables
were retained for assessment of statistical validity (see Appendix 3) to elicit the strength of

association between each variable and organisational factors in ICU.

3.2.4 Patient outcomes

3.24.1 Unplanned extubation

Unplanned extubation, defined as accidental or self-extubation by a patient, represents a
potentially serious clinical complication that may compromise a patient’s airway, ventilation and
may lead to re-intubation of an unstable critically ill patient, and is associated with increased
risk of an adverse event occurring. Extubation is usually performed following a planned

ventilation-weaning regime with regular clinical assessment to determine suitability. Unplanned
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extubation is estimated to occur in up to 14% of patients receiving mechanical ventilation
(Vianna et al. 2007), negatively impacts morbidity and mortality, and is considered a marker of
clinical quality in ICU (Pefiuelas, Frutos-Vivar & Esteban 2011). Level of clinical supervision, the
staffing model employed, available resources and unit layout are contributing factors (Kiekkas

et al. 2013; Selvan et al. 2014).

Initially 40 empirical studies were identified though 28 were excluded due to being therapy
specific (16), used in assessing predictive scoring tools (6) or conducted in neonatal or paediatric
populations (6). Twelve unequivocal empirical studies identified a significant association
between unplanned extubation and organisational factors. Night duty staffing levels was
associated with a significant increase in UE (40.3% vs. 63.64%; p < 0.05) (Ismaeil et al. 2013), (X2
=6.52; p <0.05) (Cho et al. 2012) and (76% vs. 23.8%; p = 0.00) (Chang et al. 2011). Nursing staff
workload was also found to predict increased UE (OR 2.26; 95% CI 0.12 — 0.57; p = 0.001) (Chen
2012) and (r =0.028; p =0.02) (Liu, Lee, et al. 2012). Inadequate staff training on ETT securement
techniques was also implicated in UE (p < 0.05) (Thille et al. 2011). Reduced sedation protocol
compliance resulted in a higher proportion of unplanned extubation (1.8%; p < 0.05) (Agamez,
Arnal & Garcia del Valle 2013) with increased odds of this event occurring (OR 15.2; 1.96 —
117.89; p < 0.01) (de Groot et al. 2011). Reduced protocol compliance for ventilation weaning
(B =0.66; p =0.02) (Jarachovic et al. 2011) was implicated in increased odds of extubation (OR
2.69; 95% Cl 1.59—4.58; p < 0.001) (Chen et al. 2010). Increased unplanned extubation was also
observed where mechanical restraint protocols were implemented due to staffing that reduced
patient supervision (X2 = 17.06; p < 0.001) (Curry et al. 2008) and (X2 = 21.79; p < 0.001) (Chang,
Wang & Chao 2008).

Of the 12 studies reviewed, nine were observational and three interventional, considered
reasonable given the potential safety and ethical issues. Sample sizes ranged from 31 to 1,358
patients with studies primarily single site. Casemix adjustment was used in a majority of studies
with small sample sizes and 50% of the studies were prospective enabling better control of
confounding. Statistical confidence intervals were provided where appropriate and statistical

significance provide in all studies.

Unplanned extubation was associated with organisational factors including staffing, supervision,

training and protocol compliance and were therefore retained. Prolongation of ventilation was

48



also associated with the ICU organisational context in regard to staffing ratios, nurse autonomy
in decision making, frequency of medical rounds and effective interdisciplinary collaboration
(Rose et al. 2008). These factors delay manipulation of ventilation in response to altered
physiology, and may hinder recognition of weaning readiness, unnecessarily prolonging
ventilation (Blackwood et al. 2011). This review identified 223 studies of ventilation duration
and a range of factors including specific medical therapies, clinical protocols, procedures such
as tracheostomy, long term ventilation strategies, patient casemix and mortality prediction.
Only four empirical studies of ventilation duration and organisational factors were identified of
which two explored staffing and workload, and two evaluated team structure and

communication.

Conflicting results were found in relation to workload with increased duration associated with
higher patient ratios (OR 0.4; 95% Cl 0.1 — 1.0; p < 0.05) (Rose et al. 2011) but reduced in high
intensity settings (HR 1.66; 95% Cl 1.18 — 2.32); p = 0.04) (Singer et al. 2010). Effective
multidisciplinary team communication was associated with a reduction in ventilation duration
(mean hours. - 0.83;95% Cl - 1.86 — 0.20; p < 0.01) (White, Currey & Botti 2011), although a non-
significant association was reported in a large multicentre study of 25,552 patients (HR 0.94;
95% Cl1 0.76 — 1.15; p > 0.05) (van der Veer et al. 2013). The small number of empirical studies,
conflicting results and high confounding risk resulted in this variable being excluded for the

current study.

3.2.4.2 Ventilator associated pneumonia

Ventilator associated pneumonia (VAP) is defined as the diagnosis of pneumonia occurring after
mechanical ventilation is initiated, usually 48 hours or more after tracheal intubation (DHHS
2009; Kalil et al. 2016) and accounts for approximately half of all antibiotics givenin ICU (Hunter
2012). The mechanism leading to VAP is related to the presence of an endotracheal tube that
prevents effective coughing and encourages micro-aspiration of contaminated pharyngeal
contents and is the most common nosocomial infection in ICU (Hunter 2012). This review
identified 202 studies specific therapies, diagnosis methods, environmental factors, mortality
prediction and extensive clinician debate regarding the definition of VAP. Twelve empirical
studies explored VAP rates in relation to organisational factors including training, protocol

compliance, workload and team structures in ICU. Two of five training program studies were not
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significant (Bingham et al. 2010; Kahn, Ten Have & Iwashyna 2009). Improved VAP bundle
compliance was associated with a local education program (t = 21.41; p < 0.001) (Subramanian
et al. 2013) while a reduction in the VAP rate from 6.01 to 1.91 VAP/1.000 ventilator days (p <
0.05) (Raurell Torreda 2011) and a reduction in VAP incidence (IR 0.51; 95% CIl 0.41 — 0.64; p <
0.05) (Berenholtz et al. 2011) were also observed. Reductions were also identified in five studies
of protocol compliance and the use of process checklists. The largest study of 27,125 patients

retrospectively evaluated implementation of process checklists finding a significant reduction in

VAP rates (f = 176 vs. 56; p < 0.001) (Lim et al. 2013). Increased staff workload from one
patient to one nurse, to two patients per nurse was implicated in increased VAP incidence
(9.35% vs. 25.7%,; p = 0.003) (Blot et al. 2011). Lastly, the impact of structured multidisciplinary
rounds was also found to significantly decrease the ratio of VAPs per thousand ventilator days

from 34.4 to 23.4 (p = 0.04) (Johnson et al. 2009).

In terms of study quality four studies involved a prospective intervention and two were
prospective observation studies, while the remaining six were retrospective and evenly split
between intervention and observation studies. Large sample sizes ranged from 71 to 550,800
patients with five studies employing case mix adjustment and two had a multicentre scope.
Despite the significant associations found between VAP reduction and a variety of ICU
organisational factors and satisfactory study quality the clinical definition of VAP was repeatedly
identified as a potential confounder. The current definition of VAP is constructed from
nonspecific clinical signs common to many complications of critical care with the lack of a ‘gold
standard’ definition leading to both under and over diagnosis (Klompas, Kulldorff & Platt 2008;
Wallace et al. 2015). Due to ongoing contemporary debate regarding the definition of VAP any
inference that VAP rates might be associated with organisational factors cannot be confidently

made (Klompas & Berra 2016). Therefore, VAP was excluded as a variable in the current study.
3.2.4.3 Central line associated bloodstream infection

Central Line Associated Bloodstream Infection (CLABSI), due to contamination during insertion
or management of a central venous catheter, is responsible for 20-40% of healthcare-associated
bloodstream infections in Australia and poses a threat to critically ill patients globally (ACHS
2009; Latif, Halim & Pronovost 2015). Risks differ amongst clinical units due to the type of device

used and intrinsic patient factors, though a significant proportion of CLABSI events are
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preventable through best practice (Seddon et al. 2011). Prevention programs such as the Central
Line Associated Bacteraemia project in NSW Intensive Care Units Collaborative had a significant
impact through improved compliance with aseptic insertion (p <0.001) reducing the CLABSI rate
from 3.0 to 1.2 per 1000 line-days (p <0.001) (Burrell et al. 2011). Extensive evidence also exists
on the impact CLABSI has on increased length of stay, mortality and costs in ICU (Barnett et al.

2010; Mclaws & Burrell 2011; Zack 2008).

This review initially identified 142 studies but a majority were excluded due to being therapy
specific, targeting specific diagnosis categories, conducted in a paediatric or neonatal context or
focused on CLABSI surveillance. Of the 17 empirical studies retained 11 found a significant
association between reduced CLABSI rates and improved protocol compliance. The largest
international study prospectively explored 501,296 central venous line days across 192 ICUs
finding a significant CLABSI risk reduction (RR 50%; 95% CI 0.39 — 0.63; p < 0.001) (Palomar et al.
2013). Four studies evaluating education programs consistently demonstrated significant CLABSI
reduction including staff credentialing which reduced the number of CLABSI per month from
16.0to 10.0 (p = 0.012)(Cherry et al. 2011) and staff feedback sessions leading to a reduced risk
of CLABSI (RR 0.46; 95% C10.33 —0.63; p < 0.001) (Rosenthal et al. 2010). Strong nurse leadership
was found to increase protocol compliance to 100%, though the statistical significance of the
association on reduced CLABSI was not specified (Richardson & Tjoelker 2012). In an early
multicentre study of 2,970 patients the number of ICU beds was found to influence CLABSI rates
with a reduction of 3% (p < 0.05) per additional bed observed attributed to a higher volume of

procedures undertaken and clinician protocol compliance (Kritchevsky et al. 2008).

A majority of the studies were multicentre prospective intervention evaluations with large
sample sizes ranging from 368 to 10,890 central line insertions or 6,868 to 501,296 central line
days improving control for confounders. A large casemix adjusted randomised controlled trial
across 45 ICUs in the US enhanced the quality of the evidence finding unequivocal association
between staff education and reduced risk of CLABSI (IR 0.19; 95% Cl 0.06 — 0.57; p = 0.003)
(Marsteller et al. 2012). Throughout the broader available literature CLABSI rates are
recommended as a measure of organisational, operational and clinical factors that contribute
to ICU performance (Hebden 2015; Sagana & Hyzy 2013), supporting inclusion in the current

study.
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3.2.4.4 Venous thrombosis embolism

Venous Thrombosis Embolism Prophylaxis (VTEP) is a potentially avoidable cause of morbidity
and mortality in critically ill patients, with 85% at risk of VTE without prophylaxis and estimates
of hospital acquired VTE between 10-20% (Geerts 2008; Mokhtari et al. 2014). Clinical evidence
indicates that VTEP is best practice (Bergmann 2010; Grant & Flanders 2015). The proportion of
patients receiving VTEP within 24 hours of admission to Australian ICUs is a mandatory quality
indicator (ACHS 2014). Initially 61 studies were reviewed with 53 excluded due to being therapy

specific, surveillance review studies and/or targeted diagnostic groups such as severe trauma.

Eight empirical studies were retained in regard to VTEP protocol compliance and the association
with education and safety programs, staffing and occupancy, and structured multi-disciplinary
clinical rounds. Of the four education and safety intervention studies one Australian study of
576 staff demonstrated a 19% improvement in compliance (p = 0.002) (Duff, Walker & Omari
2011). This significant improvement was repeatedly observed in diverse study contexts in US,
Saudi Arabia and Italy respectively (Al Tawfiq & Saadeh 2011; Boddi et al. 2010; Kahn et al. 2010).
In a large retrospective international study of 227,286 patients high ICU occupancy was
observed to compound capacity strain thereby reducing VTEP compliance (OR 0.98; 95% CI 0.97
—0.98; p < 0.05) (Weissman et al. 2015).

Reduction in compliance was also observed where the staff were more junior (82%; p = 0.001)
(Dabbagh et al. 2009). Multi-disciplinary rounds involving an ICU Pharmacist were introduced to
reduce non-compliance with VTEP (RR 0.89; 95% CI 0.79 — 0.99; p < 0.05) (Morris, Forrest &
Campbell 2010).

Five studies were prospective intervention studies and the remainder retrospective
observational studies. Only one study employed casemix adjustment though confounding was
controlled through large sample sizes with 50% of studies involving multiple ICUs. The eight
studies explored the impact of organisational factors on the adoption of best practice initiatives
and compliance with VTEP, which is regarded in the broader literature as a reliable ICU quality
indicator (Boddi et al. 2014). Based upon this assessment compliance with VTEP was included as

a variable for this current study.
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3.2.4.5 Catheter associated urinary tract infection

Catheter Associated Urinary Tract Infection (CAUTI) is a common nosocomial infection in ICU
associated with high antimicrobial use resulting in the urinary tract becoming a suitable
reservoir for antimicrobial-resistant pathogens that may cause other more serious infections
(Chant et al. 2011). Increased mortality and length of stay have been reportedly associated with
CAUTI in ICU patients in unadjusted analysis although, following adjustment for other prognostic

factors, CAUTI no longer had a significant influence (Chant et al. 2011).

This review identified 61 studies of which a majority targeted specific therapies, antimicrobial
resistance, urinary drainage devices, casemix and surveillance. Six empirical studies were
retained with four of the five prospective interventional studies reporting a significant reduction
in CAUTI rates due to safety programs, the largest being a multi-centre study of 56,429 patients
confirming reduced risk of infection (RR 0.63; 95% CI 0.55 — 0.72; p < 0.05) (Rosenthal et al.
2012). One observational study of ICU size found ICUs in hospitals with > 500 beds were half as
likely as those in smaller hospitals to have adopted at least one CAUTI prevention policy due to
less direct access to the infection control service (OR 0.52; 95% Cl 0.33-0.86; p < 0.05) (Conway
et al. 2012). However, the literature indicates that like VAP, CAUTI suffers from definitional
issues impacting on accurate diagnosis and surveillance (Leblebicioglu et al. 2013; Talaat et al.
2010). Based on the limited empirical evidence and controversies over definition this variable

was excluded for the current study.

3.2.4.6 Pressure injury

Pressure injury, due to unrelieved compression particularly over bony prominences, causes
tissue damage and is prevalent in patients with restricted mobility, poor nutrition and
pathophysiological conditions (O'Meara & Nagarsheth 2015). Risk of injury in critically ill patients
is high with serious untoward patient and health system outcomes (Shahin, Dassen & Halfens
2009). Prevention is an important safety and quality improvement priority (Elliott, McKinley &
Fox 2008). While the patient’s clinical and pathophysiological condition are key determinants,
pressure injury in ICU has been linked to compliance with evidence-based protocols, an
organisational culture of safety and workload (Bredesen et al. 2015; Loan, Patrician & McCarthy

2011; Stone et al. 2007).
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Out of 88 studies identified in the literature five empirical studies of organisational factors were
reviewed of which four revealed a significant reduction in the incidence of pressure injury
associated with structured nursing rounds of 50% (p < 0.05) (Kelleher, Moorer & Makic 2012)
and increased staff seniority (X? = 41%; p = 0.019) (Strand & Lindgren 2010). The odds of
sustaining an injury was reduced by a targeted education program (OR 0.40; 95% CI 0.26 — 0.62;
p <0.01) (Anguera Saperas et al. 2009) and the prevalence decreased from 50% to 8% (p < 0.05)
following an ICU safety program that increased in the use of pressure-relieving devices from 75%
up to 95% (p < 0.05) (Elliott, McKinley & Fox 2008). A 4% reduction was observed in relation to
higher nurse workload (p = 0.015) (Cremasco et al. 2013). Two studies involved prospective
interventions and two prospective observational studies had sample sizes ranging from 146 to
563 patients with casemix adjustment. Lastly, protocols for pressure injury assessment, grading
and risk management were supported by a large body of clinical evidence reducing subjectivity
of assessment (Soh, Soh & Davidson 2013). Evidence based standardised care and large high
quality studies that use casemix adjustment supported the inclusion of pressure injury in the

current study.

3.2.4.7 Falls

Patient falls in acute care areas of tertiary hospitals are an important quality and safety issue
with rates ranging from 2% to 5% (Patman, Dennis & Hill 2011). Factors increasing risk of falling
include advanced age, altered mental status, medications that act on the central nervous system
and poor mobility. These characteristics are common to ICU survivors who may be at increased

risk of suffering a fall following transfer from ICU.

However, patients in ICU are typically bed or chair bound, and if mobilised assisted by a clinical
team and under constant observation due to staffing ratios, therefore patient falls in the ICU are
rare. This was reinforced by the 65 studies identified in which the focus was on falls occurring
post-transfer outside the ICU environment. No empirical studies on the association of falls and
ICU organisational factors were evident in the published literature. Primarily studies involved
the reviews of nurse sensitive outcomes in ward areas where patients mobilise independently
(Hart & Davis 2011; Stalpers et al. 2015a) therefore patient falls were not included in the current

study.
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3.2.5 Unit level measures

3.2.5.1 Access

Access to ICU is a measure of organisational effectiveness that reflects triage processes, patient
throughput, operational contingency, efficient demand management, resource utilisation, and
staffing factors (Braun et al. 2010; Duke et al. 2005; Terblanche & Adhikari 2006). Large
multispecialty ICUs are assumed to provide greater operational flexibility, despite higher
activity, to better manage unplanned and seasonal surges in demand (lapichino et al. 2005;

Jones 2010; Kim et al. 2000; Xiao et al. 2010).

Access to an ICU bed can be measured by the time taken for unplanned and planned admissions
to access an ICU bed and reflects the quality of the ICU management and organisational
structure, which in turn, may impact on patient mortality and length of stay (Cardoso et al. 2011;
Shorr, Choe & Linde-Zwirble 2011). Each hour delay has been associated with a 1.5% increase in
mortality (HR: 1.015; 95% Cl 1.006 to 1.023; p = 0.001) (Cardoso et al. 2011), with an eight hour
delay resulting in a greater odds of death (OR, 1.44; 95%; Cl 1.26-1.64; p < 0.01) (Liu, Kipnis, et
al. 2012) . Conversely, direct admission reduced mortality significantly (OR: 0.73; 95% Cl 0.62—
0.87; p < 0.0001) (lapichino et al. 2010).

Initially 35 studies were retained for abstract review of which the majority were excluded as
they examined access in relation to clinician triage decisions, geographical and seasonal
characteristics. One retrospective observational study found no association between the time
of day for ICU admission and mortality (HR 1.10; 95% Cl 0.94-1.28; p = 0.24) (Bisbal et al. 2012).
A prospective interventional study identified a significant reduction in time to access an ICU bed
for Emergency Department patients due to proactive bed management strategies (-28% access
time; < p 0.001) (Howell et al. 2010). Both studies had large sample sizes ranging from 1,716 to
3,540 patients, though only the prospective interventional study was casemix adjusted (Howell

et al. 2010).

Based upon the limited equivocal evidence available, ICU access time at the individual patient
level was not included as a variable in the study. However, an aggregate unit level measure of
access, reported to the ANZICS APD bi-annually, will be used to compare study settings and with

the reported national average for Australian tertiary ICUs.
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3.2.5.2 Length of stay

Length of stay is well established as an indicator of clinical quality and organisational
effectiveness in ICU (Kastrup et al. 2009; Wagner et al. 2013). Influential organisational factors
include team structures, staffing and workload, management of patient throughput, evidence
based practice compliance and process quality initiatives (Verburg et al. 2018). Of the 24
empirical studies reviewed 14 were prospective, including five randomised controlled trials
(RCTs), 12 of which involved an organisational intervention. The remaining ten studies were
retrospective with three being a post intervention evaluation. Six studies were multicentre with
sample sizes for all studies ranging from small RCTs of 20 to 36 patients up to a large
observational study of 1,330,484 patients (Lipitz-Snyderman et al. 2011). Twenty studies applied
case mix adjustment and broad range of study settings were represented internationally

including Australia, Brazil, Canada, China, Europe and the US.

A statistically significant length of stay reduction was observed in 18 studies. Team structures
and communication were related to decreased length of stay in six of eight studies involving
multidisciplinary rounds (B = - 0.07; p = 0.01) (Pacheco et al. 2011), presence of a clinical
psychologist (X2 = - 4.2; p < 0.022) (Szilagyi, Dioszeghy & Varga 2008) and involvement of a
palliative care team (7 vs. 11 days; p < 0.001) (Walker et al. 2013). The use of telemedicine during
word rounds to support communication was found to reduce patient length of stay in three
studies, one of which was a large casemix adjusted prospective intervention study of 2,217
patients that found a 58% reduction in ICU length of stay (p < 0.05) (McNelis, Schwall & Collins
2012).

Of eight staffing and workload studies, six demonstrated a significant reduction in length of stay
with improved medical staffing on night shift a significant factor. As an example, a large casemix
adjusted prospective intervention study of 3,803 patients found a reduction from 4.8 days to
3.5days (X =-23%; p < 0.05) (Banerjee et al. 2011). Increased nurse workload, reflected by a
Nursing Activities Score of greater than 66.4%, increases length of stay (X = 31%; p = 0.015)
(Padilha et al. 2008). In contrast, reduced length of stay is associated with increased staffing
intensity (X = 4.46 vs. 2.63 days; p < 0.05) (Hawari et al. 2009). Emergency Department
admissions were found to have an increased length of stay in three studies, one a large

retrospective casemix adjusted study of 3,257 patients (OR 2.87; 95% Cl 1.27 — 6.51; p < 0.05)
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(Zampieri et al. 2013) and another a study of 2,598 patients (OR 1.93; 95% Cl 1.46 — 2.54; p <
0.05) (Huang et al. 2010). Three of four studies found that protocol compliance reduced length
of stay due to lower rates of CLABSI (X = 3.1; 95% Cl 3.2 — 87.7; p < 0.05), VAP (X = 8.6; 95%
Cl 6.4 56.9; p < 0.05) and CAUTI (’? = 8.1; 95% Cl 4.5 — 132.6; p < 0.05) (Kubler et al. 2012).
Additionally, nurse initiated extubation protocols also reduced length of stay in ICU (f =-29%
days; p=0.01) (Danckers et al. 2013). Demonstrated association with organisational factors and
the high quality of the studies reviewed supported inclusion of patient length of stay in the

current study.
3.2.5.3 Unit occupancy

Unit occupancy is a product of ICU utilisation, patient throughput including exit block,
operational flexibility and responsiveness to the demand, and bed capacity (Reddy et al. 2015).
High volume ICUs with high occupancy have been implicated in worsening patient outcomes
(Halpern 2011; Howell 2011; Zimmerman 2009) due to increased hospital acquired infections,
unplanned re-admissions and mortality (Chrusch et al. 2009; Iwashyna, Kramer & Kahn 2009;

Kong et al. 2011).

Of the 22 empirical studies identified four were retained following abstract review as they dealt
directly with unit occupancy as a measure of organisational effectiveness in terms of infection
rates, readmission rates and mortality. While only four were retained they demonstrated high
quality, with sample sizes ranging from 600 to over 200,000 patients and a majority multicentre

studies with case mix adjustment.

High ICU occupancy was found to increase refusal of admission at first referral, leading to access
delay and higher mortality rates on day 28 (p = 0.05) and day 60 (p = 0.04) when compared with
directly admitted patients (Robert et al. 2012). A peak occupancy level increased unadjusted
mortality (f =-2.57; 95% Cl -3.09 to — 2.06; p < 0.001) (lwashyna, Kramer & Kahn 2009) but not
significantly after casemix adjustment. Premature discharge, usually after-hours, increased
during high occupancy, significantly increased the risk of unplanned readmission (RR = 1.56; 95%
Cl1.05-2.31; p<0.001) (Chrusch et al. 2009). Increased infection rates of 0.009 new acquisitions
per patient per day (p < 0.05) (Howie & Ridley 2008) were observed. Unit occupancy is an

influential variable for organisational effectiveness in terms of demand management and is
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linked to patient outcomes (lapichino et al. 2004; lwashyna, Kramer & Kahn 2009) and was

therefore included in the current study.

3.2.5.4 Annual patient volume

Critical care service regionalisation results in large capacity units with typically high patient
throughput and volumes, although the impact of this is not well-understood and not consistent
across diagnostic groups (Abbenbroek, Duffield & Elliott 2014a; de Lange, Wunsch & Kesecioglu
2015). The volume versus mortality relationship has been investigated concluding that complex
critically ill patients, such as those with sepsis and ventilation, benefit most in high volume ICUs
with a reasonable occupancy rate (Kahn et al. 2006; Peelen et al. 2007; Walkey & Wiener 2014).
A large flexible ICU bed base supported by broader staffing ratios may better manage high
patient volumes while reducing after-hours discharge due to resource constraints and the risk

of an adverse event (lapichino et al. 2005; Lin, Chaboyer & Wallis 2009).

Evidence supporting outcomes improvement and high ICU volume has long been regarded as
controversial due to patient heterogeneity and inconsistent definitions of volume (Durairaj et
al. 2005; Kanhere et al. 2012) providing the impetus for an integrative literature review of the
phenomenon as part of this thesis (Abbenbroek, Duffield & Elliott 2014a). In summary, the
review included 20 quantitative observational studies that were primarily retrospective with
three prospective. Nine studied mechanically ventilated patients, six included all admissions to
ICU, three reported on patients with sepsis and one study each on patients post cardiac arrest
and those receiving renal replacement therapy. Sixteen studies reported a significant
association between lower risk adjusted mortality and higher-volume units supporting volume

being included as a study variable to be assessed.

3.2.5.5 After-hours discharge

After-hours ICU discharge refers to those patients transferred between 6pm and 6am and is
attributed to unit high occupancy, volume and demand often leading to premature discharge to
admit more acute critically ill (Brasel 2008). Patients transferred after-hours frequently become
outliers in inappropriate wards and at a time when staffing, resources and expertise are limited

increasing the risk of deterioration (Singh et al. 2010), unplanned readmission and poor
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outcomes including mortality (Barker & Flint 2010; Laupland et al. 2008 ; Pilcher et al. 2007).
Like volume, the evidence has long been controversial with a recent prospective multicentre
study of 40 ICUs in Australia and New Zealand, concluding that the time of discharge was not

associated with mortality (Santamaria et al. 2015).

This review identified 129 empirical studies from which 122 were excluded following abstract
review due to the focus being on inter-ICU transfers, predictive physiological scores, specific
patient diagnosis, surveillance and paediatric patients. Seven observational studies were
retained, including six retrospective and one prospective, all case mix adjusted with large

samples ranging from 1,050 to 17,864 in international studies across multiple ICUs.

Similar to earlier research, after-hours discharge results from organisational barriers caused by
peak occupancy, unplanned demand and limited operational flexibility, with mortality the
primary outcome variable. Exemplifying this relationship was an Australian prospective study of
10,211 patients from 40 ICUs that confirmed increased odds of mortality (OR 1.47; 95% Cl 1.05
— 2.05; p < 0.05) (Santamaria et al. 2011). Two studies found increased odds of unplanned ICU
readmission attributed to night discharge (OR 2.75; 95% Cl 1.7 — 4.3; p < 0.001) (Gopal, Terry &
Corbett 2010) and (12.2% vs. 9.0%; p = 0.027) (Hanane et al. 2008). The relationship of these
outcomes with organisational factors supported inclusion of after-hours discharge in the current

study.

3.2.5.6 Discharge delay (exit block)

Timely discharge from ICU is subject to effective communication, individual patient factors and
teamwork both internal and external to the unit (Lin, Chaboyer & Wallis 2009). Delayed transfer
of a discharge-ready patient to the receiving ward can be measured as time from bed request
to physical departure or as the proportion of transfers exceeding a pre-determined time
threshold. Discharge delay from ICU is a whole of hospital phenomenon caused by multiple
external organisational factors including access to appropriate hospital beds, for example single

rooms for infectious patients, and adequate staffing (Lin et al. 2013).

High hospital bed census is positively correlated with ICU discharge delay (Spearman rho =0.27;
P <0.0001) (Johnson et al. 2013) attributed to limited organisational control of hospital demand,

acuity and complexity. Effective clinical service provision may reduce hospital length of stay and
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improve ward bed availability (Mallor, Azcérate & Barado 2015) to avoid a backlog of patients,

impeding ICU access and adversely affecting outcomes (Okuda et al. 2014; Williams et al. 2010).

Evaluating the cause and impact of discharge delay is challenging due to varying definitions of
discharge request time and ‘exit’ block, or delay, thresholds which is commonly suggested to be
six hours (Peltonen et al. 2015). Of the 27 identified 27 studies, 24 were excluded due to the
focus being on predictive physiological tools and scores and specific diagnosis categories. Two
prospective studies and one retrospective study were retained, all observational and case mix
adjusted with large samples of 731 to 2,401 ICU patients. Delayed discharge compounded after-
hours transfers 21% vs. 12% (patients not delayed) (X? = 10.6; p < 0.05) (Johnson et al. 2013). A
study of 2,401 patients found discharge delay associated with increased mortality at 30-days
with a U-shaped relationship observed with the nadir at 20 hours (p = 0.002) (Garland & Connors
2013). An Australian study found a 6% increase in delays greater than 8 hours (53%; p < 0.001)

could be attributed to restricted hospital bed availability (Williams et al. 2010).

While available empirical evidence was limited, reference was made to the importance of
operational flexibility in ICU to respond to demand and manage patient throughput effectively
in the presence of external hospital wide uncontrolled factors (Debajyoti, Leed & Thomas 2008;
lapichino et al. 2005; Town et al. 2014). Operational flexibility is an assumed benefit of the hot-

floor model warranting the inclusion of discharge delay in the current study.

3.2.5.7 Unplanned readmissions to ICU

Lastly, unplanned readmissions, defined as an ICU readmission within 72 hours of discharge
from ICU (ACHS 2013), were evaluated. Australian unplanned readmission rates are estimated
to be 4-5% (ANZICS CORE 2014a) and associated with increased length of stay and mortality
(Araujo et al. 2013; Chan et al. 2009).

Contributing factors are largely outside of ICU control and primarily related to the level of
observation and care received in wards particularly when patients are clinical ‘outliers’ in wards
with inappropriately trained clinical staff and a lack of clinical support services (Diya et al. 2012;
Elliott, Worrall-Carter & Page 2014). This review initially yielded 39 studies of which 28 were
excluded due to a focus on predictive physiological tools and scores, specific patient diagnosis

categories, staff perceptions and surveillance. Eleven retained studies included four prospective
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and seven retrospective observational studies, seven were case mix adjusted and all had large

samples between 1,050 to 192,202 patients.

3.2.6 Interim patient outcome and unit level variables

In summary, the studies found ICU staffing, structural factors and the management of patient
throughput to influence unplanned readmissions. Reduced nurse workload due to lower patient
volume resulted in fewer unplanned readmissions ( X = - 0.46; 95% Cl -0.84 - 0.09; p = 0.05) (Diya
etal. 2012) as did lower patient dependency as measured by the Nursing Activity Score (OR 0.98;
95% C1 0.95—1.00; p = 0.04) (Silva, Sousa & Padilha 2011). Six studies found elements of patient
throughput including ICU admission source, premature and time of discharge increased
unplanned readmissions. One multicentre study of 13,598 Australian ICU patients reported,
exemplified the relationship between these factors and increased unplanned readmission rates
associated with after-hours discharge (OR 1.13; 95% Cl 1.08 — 1.19; p < 0.001) and increased
unwarranted length of stay in ICU (OR 1.017; 95% CI 1.015 — 1.019; p < 0.001) (Renton et al.
2011). While three studies observed higher readmission rates for tertiary level ICUs (OR 1.51;
95% Cl 1.12 — 2.02; p < 0.05) (Brown et al. 2012), peak unit occupancy (OR 1.56; 95% CI 1.05 —
2.31; p < 0.05) (Chrusch et al. 2009) and high patient volume (OR 2.34; 95% Cl 1.27 — 4.34; p <
0.05) (Baker et al. 2009).

It is important to recognise that unplanned readmissions to ICU can be affected by a multitude
of external organisational factors such as ward staffing and the availability of beds in an
appropriate speciality ward. Evidence vyielder from this review supported the retention
unplanned readmission as a study variable, therefore the interpretation of findings in regard to
ICU organisational factors needs to be cognisant of the potential for confounding identified

statistical associations relationships.

The integrative review resulted in the dataset being distilled from 22 to 12 variables (see Table
3.3) and encapsulate the spectrum of service delivery to evaluate the organisation of ICU
(Whittle & Shelton 2012). Further validation of the dataset in terms of contextual relevance was
then undertaken through the assessment of the level of congruence the selected variables had

with existing administrative and clinical registries.
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Table 3.3 Patient and unit variables identified through stage one and stage two

Variables Evaluation

# Type Measure Assessment Determination
1 Patient Adverse events Captured by UE Proxy
2 Patient Unplanned extubation \ Include
3 Patient Ventilation duration Confounded evidence Exclude
4 Patient VAP Definitional issues Exclude
5 Patient CLABSI V Include
6 Patient VTEP V Include
7 Patient CAUTI Insufficient ICU evidence Exclude
8 Patient Stress ulcer prophylaxis Care Process Exclude
9 Patient Pressure injury V Include
10 Patient Pain management Care Process Exclude
1 Patient Sedation management Care Process Exclude
12 Patient Glucose control Care Process Exclude
13 Patient Patient falls Insufficient ICU evidence Exclude
14 Patient Mortality \ Include
15 Organisational Access an ICU bed \ Include
16 Organisational Length of stay \ Include
17 Organisational Occupancy \ Include
18  Organisational Volume \ Include
19  Organisational After-hours discharge \ Include
20  Organisational Delayed discharge \ Include
21 Organisational Unplanned readmission \ Include
22  Organisational Fail to rescue Insufficient ICU evidence Exclude

3.2.7 Variable congruence with the clinical environment

The minimum dataset of 12 outcomes was compared to existing Australian and international
ICU clinical registries, and regulatory agency collections to gauge their clinical and professional
relevance (Render et al. 2011) (see Table 3.4). All 12 measures were either collected or
recommended internally to be collected at the local level and at state, national and international
levels, upholding the clinical and professional relevance of the measures selected. The minimum
dataset also fulfils the requirements of structure, process and outcome quality domains that
underpin quality management in ICU, in turn enhancing meaningfulness and generalisability of
any subsequent findings (Brett 2011; Dodek, Keenan, Norena, Martin, et al. 2010; Moreno,
Bauer & Metnitz 2010).
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Table 3.4 Congruence of patient and unit level variables

Variable T o o2 08 = ow Study
Type £2 2 2 0% S o Data
(\) Collected £ 2 o % 5 28 Source
1 Unplanned Extubation  Patient v R R R R ICU
2 CLABSI Patient vR v R + + R R ICUAPD
3 VTE Prophylaxis Patient VR v R R R ICUAPD
4 Pressure Ulceration ~ Patient VR ICU
5 Mortality Patient v A R v v R R ICUAPD
6 AccessanICUBed  Organisaional v R v R ~v v R R ISCU/ACH
7 Length of Stay Organisational V' R v ICU/APD
8 Occupancy Organisational v R v ICU/APD
9 Volume (Activity) Organisational v R v ICU/APD
10 After-Hours Discharge  Organisational v ¥ v R + v R R ICU/APD
11 Delayed Discharge ~ Organisatonal Y R ¥ R v v R R ICUAPD
fp  Unplanned Organisatonal ¥ R ¥ R v v R R ICUAPD
Readmission
Notes: 1. Locally collected by the ICU for 5. Australia and New Zealand Intensive Care
internal quality management Society (Australian Patient Database)
2. NSW Ministry of Health, Bureau of 6. Intensive Care National Audit and Research
Health Information Centre (United Kingdom)
3. Australian Council of Health Care 7. European Society of Intensive Care Medicine
Standards 8. Society of Critical Care Medicine
4. College of Critical Care Medicine (R) Recommend collection

3.3 Nurse outcomes

A second literature review was performed, including a first stage integrative review of primary
studies, to identify empirically validated nurse outcomes that are mediated by organisational
factors in the ICU workplace. This process was the first step in determining appropriate survey
instrumentation for the study to assess the impact of organisational factors, such as structural
characteristics and operational management processes, on the nursing workforce (Chan & Huak

2004; Klopper et al. 2012).

A positive workplace is a setting where policies, procedures and systems achieve organisational

objectives and promote staff satisfaction (Shirey 2009). Healthy work environment attributes

63



have been identified by the International Council of Nurses (ICN 2010), American Association of
Critical Care Nurses (AACN 2016) and in Canada (Ontario Health 2010), with recommended
organisational qualities for positive outcomes validated in Australian nursing workforce studies
(Duffield, Roche, et al. 2007; Walker, Fitzgerald & Duff 2014). Affirmative work environments

positively influence job satisfaction, staff retention and nurse outcomes (Ritter 2011).

Key attributes including strong leadership, effective communication, autonomous collegial
relationships, appropriate staffing and provision of high quality care are particularly important
in ICU (Klopper et al. 2012). High staffing levels and resource inputs, complex clinical activity at
the point of care, combined with elevated emotional stress typifies the ICU work environment,
providing an opportunity to explore the interplay between organisational, professional and

psychological characteristics (Klopper et al. 2012).

A large skilled multidisciplinary workforce is required in ICU to meet clinical standards,
organisational requirements and professional accreditation (Bennett 2009; CICM 2011). With
high nurse:patient ratios, the ICU nurse workforce exemplifies the challenges encountered in
providing a large staff cohort with adequate clinical support, supervision and professional
development, while maintaining appropriate skill mix, in terms of clinical experience, for safe
patient care balanced with equitable rostering that promotes job satisfaction and retention

(Duffield et al. 2009; Robnett 2006).

Australia, like other OECD nations, is facing a nursing shortage predicted to become more acute
(AIHW 2014; Duffield, Roche, et al. 2010; Stoddart 2010). Magnet hospital work environment
qualities that reduce turnover and improve clinical care and safety, enhance organisational
efficiency and assist cost containment (Aiken et al. 2011; Mullarkey, Duffy & Timmins 2011;
Poghosyan, Aiken & Sloane 2009). The positive workplace culture created encompasses an
interdependent balance of open communication and interactions, professional conduct and
knowledge based best practice, supportive team dynamics and power relationships, emotionally
intelligent moral paradigms and acknowledges participant expectations (Callicutt et al. 2011;

Ganey 2015; Hickey et al. 2010; Middleton et al. 2008).

Conversely, dissatisfaction and worsening staff turnover have been associated with health
service organisations that aim to improve productivity through reduced patient length of stay

and work intensification (Aiken & Fagin 1997; Burke 2003; Gershon et al. 2004). Other factors
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include ineffective local leadership, disproportionate workload due to patient acuity and
complexity, inflexible rostering, poor collegial interactions, staff shortages, unpredictable work
flow, lack of control over practice and the perception that patient care is not coordinated,
evidence based or unsafe (Groff Paris & Terhaar 2010; Li & Jones 2012; Papathanassoglou et al.
2012). Understanding these factors in relation to the hot-floor model is crucial for retaining
qualified nurses (Stone et al. 2007) and improving quality of care (Chan et al. 2012; Hayes et al.

2006) for organisational sustainability.

Acute care work environments have been studied extensively (Xiao et al. 2017) but there is
limited evidence pertaining to ICU with limited studies on communication, leadership, staffing
models, autonomy, burnout and education programs associated with patient adverse events
(Dietz et al. 2014; Mullarkey, Duffy & Timmins 2011; van Mol et al. 2015). Neonatal ICU work
environments have received some attention (Garland 2010; Goldschmidt & Gordin 2006) but
not adult ICUs. An appropriate dataset and selection of an appropriate survey instrument (Ulrich

et al. 2014a) is required to evaluate and compare ICU nurses’ work environment.

3.3.1 Literature review of nurse outcome measures

The review of clinical nurse workforce studies involved three stages (Figure 3.7). The integrative
review undertaken in Stage one resulted in 26 studies being retained for full analysis involving

methodological quality appraisal.

Stage 1
Review empirical nurse work environment studies & determine
outcome variables

Stage 2
Identify survey instruments & evaluate
psychometric properties

Stage 3
Assess congruence
between outcome
variables &
instruments

Figure 3.7 Nurse outcome and instrumentation integrative review stages
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3.3.2 Quality appraisal

Evaluating the study methodology quality required the use of multiple criteria and an
appropriate qualitative appraisal method. No single gold standard or guideline can be uniformly
applied to all studies therefore selection of a suitable appraisal tool was required (Chan et al.

2012; Deeks et al. 2003; Whittemore & Knafl 2005).

The Strengthening the Reporting of Observational studies in Epidemiology (STROBE) statement
(von Elm et al. 2007) is one example that encompasses 22 criteria to assess observational cohort,
case-control and cross-sectional studies. However, STROBE guides the quality of reporting on
studies and is not an appropriate tool to be used solely for assessing methodological quality due

to the potential for bias to be introduced in the appraisal (da Costa et al. 2012).

Alternatively, the Quality Assessment Tool for Quantitative Studies (QATQS) has been
demonstrated to possess high content validity and inter-rater reliability using Cohen's Kappa
(Deeks et al. 2003; Jackson & Waters 2005; Thomas et al. 2004). However, evaluation of QATQS
against the Cochrane Collaboration Risk of Bias Tool found that the QATQS psychometric
properties require further validation in a range of research fields to accurately interpret results

when used for quality appraisal (Armijo-Olivo et al. 2012; Higgins & Green 2008).

A third option is the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement, which provides recommendations on the frameworks and processes to
conduct a quality appraisal during systematic reviews (Moher et al. 2009) and directly relevant
for an integrative review. The Critical Review of Quantitative Research Worksheet (Miller 2006)
aligned with multiple items common to STROBE, QATQS and PRISMA, and was therefore used
as a basis for the quality criteria to assess the empirical nurse outcome studies reviewed. The

process followed the five-stages described in Figure 3.8.

Criteria specified in the flow diagram were incorporated into a derived quality index assessment
tool (see Table 3.5). Building on the criteria specified by Miller (2006) quality scores were derived
based upon an evidence hierarchy proposed by Evans (2003) using a scores one, two or three
for each criteria according to quality index definitions (see Table 3.6). This scoring process was
first developed by Beck (1995) and later used in a review of nurse turnover costs conducted by
Li et al. (2012). Methodological strengths and weaknesses were assessed generating scores that
all contributed to a composite score, or index, for relative quality.
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Section 1: Introduction and background

Author expertise

Study purpose is clearly stated

Research question is clear

Background literature evident and contemporary

/éct?unl: Methodology

Study design is appropriate

Study factors clearly defined

Group comparisons are clearly defined

Outcome measures clearly defined

Potential confounders identified and managed
Potential bias has been identified and managed®
Method of outcome assessment is valid
Reliability of outcome measures

Research and ethics approval obtained
Anonymity maintained

/

pla

/Section 3: Subjects

Study participants clearly defined
Exclusion criteria clearly defined
Sample size is appropriate
Selection is appropriate
Randomisation used

Response rate

DA

N

(’S_Ediun 4: Results and analysis

Detailed reporting of results
Empirical and statistical analysis reported

Clear assodation between variables was demonstrated

Significance of the result reported

B4k

L\‘-

The results are applicable to the population being studied in this study J,J
KSECtiDI'I 5: Discussion and conclusions -3
* Conclusions are supported by the results
* Study implications are identified
* Funding sources identified
Relevance to this study J

i
; ; Azseszment of potential bizs will be sddressed in the following section.

Quality Index

Figure 3.8 Quality appraisal flow diagram

Source: (Chan et al. 2012) pp. 4
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Table 3.5 Derived quality index of nurse outcome studies
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1. Papanassoglou et al. 2012
2. Karanikola et al. 2012

3. Klopper et al. 2012

4. Aiken et al. 2011

5. Neff et al. 2011

6. Gasparino et al. 2011

7. Meeusen et al. 2011

8. lliopoulou et al. 2010
9. Aitken et al. 2010

N

70
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84
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82
90

81
83
90
86
90

62
65
65
63
63
69
64
69
66
69

3
2
2
3
2
3
2
3
2
3

6. Van Bogaert et al. 2009

2. Van Bogaert et al. 2010

3. Duffield et al. 2010

4. Cai et al. 2009

7. Aiken et al. 2008

9. Manojlovich et al. 2008
20. Middleton et al. 2008

8. Faulkner et al. 2008
21. Lai et al. 2008

0. Purdy et al. 2010
1. Roche et al. 2010
5. Cho et al. 2009
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78
81

60
62

3

94
83

72
64
68

22. Duffield et al 2007

3

23. Stordeur et al. 2007
24, Stone et al. 2006

88
84
82

65

3

25. Manojlovich et al. 2005
26. Minvielle et al. 2005

63

43 52
52 78

74
78

3 52 50 51 64 49 51 52 52 55 69 74 34 51 52 67 34 49 72 64 50 47 51 52 67 76 52
52 78 52 52 78 52 52 52 52 78 78 78 52 52 52 78 78 78 78 78 52 52 52 52 78 78 B2

1. Assessment of potential bias will be addressed in the following section. 2. Potential composite score per publication 77 points 3. Potential composite score per criteria out of 3 (78) or 2 (52) points.
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Table 3.6 Derived quality index definitions

Quality Criteria

Rating Scale

Author expertise
Country location

No. of research sites

Purpose stated

Research question clear

Contemporay literature context

Study design

Study factors identified

Group comparisons defined

Outcomes defined

Bias risk?

Confounding addressed

Outcome assessment validated

Survey Administration

Research ethics approval

Subject anonymity

Study popn. defined

Exlcusion criteria clear

Sample selection

Sample size

Response rate

Descriptive results presented clearly
Empirical statistics include Cl, SD or SE
Associations demonstrated
Significance reported

Results applicable to study population
Relationships within results identified
Conclusions are supported by the results
Relevance stated

Funding received and source identified
Limitations identified

Conflicts stated

U GGG G G GGG GO O O G O G GG QU QU O G G QA G G G G G

. Bachelor/Masters
. Non-Australian

. Single hospital/ICU

. Not clear

. Not clear

. Inadequate and not contemporary
. Restrospective

. Not clearly defined

. Not clear

. Not clear

. Present not addressed (High risk)
. Not acknowledged

. No validation described

. Self administered

. Not stated

.No

. Not clear

. Not stated

. Convenience

. Small < 100

.<35%

.No

.No

.No

.No

.No

.No

.No

.No

.No

.No

. Yes — may impact but no mitigation

PMRORONOMNNONROMNOMNROMROMRONOMNNONND NN

PhD

. Australian study
. Multisite (national)

Evident
Evident

. Contemporary but limited
. Prospective
. Clearly defined

Yes

=<
@D
[}

. Present partally addressed (Moderate risk)
. Acknowledged but not addressed

. Limited validation described

. Facilitated

. Obtained

<
@
»

. Limited definition
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.
2.

Listed

Squential by protocol
Adequate >100

35% - 70%

Yes

Yes

Yes

Yes

Yes with potential confounding
Yes margional

Yes

Yes margional

Yes

Yes

Nil declared

. PhD published
N/A

. Multisite (international)

N/A

N/A

. Comprehensive and contemporary
N/A

N/A

N/A

N/A

. Present adequately addressed (Low risk)
. Acknowledged and addressed

. Published repeated validation
N/A

N/A

N/A

. Clearly defined

. Listed and justified

. Randomised

3. Large > 250

3.>70%

3.N/A

3.N/A

3.N/A

3.N/A

3. Directly applicable

3. Yes with complex linkages shown
3.N/A

3. Yes comprehensive

3.N/A

3.N/A

3. Yes — mitigation provided

W WL W WLWWWWWWWW LW
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The derived quality index included 31 criteria used to assess the context, methodology, subjects,
results and analysis, conclusions and discussions, and relevance of the studies. The highest score
attainable is 77 and is derived from the addition of the scores for each criterion to generate a
composite score that was then converted to a percentage providing an indication of relative
quality for each study. Across a majority of the studies there appeared to be a weakness in the
assessment and mitigation of the risk of bias compounded by convenience sampling and poorly
defined exclusion criteria. While potential confounding was addressed in a majority of studies
through large sample sizes, stratification of staff characteristics and matching of health service
size and complexity, there is a need to undertake a more formalised assessment of the risk of
bias. Actual or potential bias was assessed using a risk assessment process adapted from a
systematic review from the Cochrane Database of Systematic Reviews (Inglis et al. 2010), with
risk of bias ranked using as a shaded ‘traffic light’ system to inform the assessment of risk (see

Table 3.7).

Seven criteria are used relating to adequate sample size; suitable sample selection, multicentre
studies; study power to detect difference; nursing staff stratification and matching; the clinical
environment and demonstration of repeated published survey instrument validation to assess
nurse outcomes. The level of risk is rated as high (potentially present not mitigated), moderate
(potentially present partially mitigated) or low risk (potentially present but adequately

mitigated) for each criteria in each study.

The analysis demonstrated a low risk of bias for 19% of studies (n = 5), moderate risk for 73% of
studies (n=19) and high risk for 8% of studies (n=2). Studies ranked high risk had small
convenience sample sizes, no power estimates to detect a significant association between nurse
outcomes and the practice environment, and limited sites with one study using a single site
(Middleton et al. 2008). Moderate risk studies did identify potential bias risks and had
implemented measures to at least partially mitigate the risk of bias through for example
stratifying and matching staff by qualification and experience (Aiken et al. 2011; Karanikola et
al. 2012; Klopper et al. 2012). Low risk studies had no apparent major risks and where present
reported this as a limitation and took comprehensive mitigation measures such as strict sample
selection, calculation of the study power required and recruiting large sample sizes in multiple
similar locations (Aitken et al. 2010; Gasparino, de Brito Guirardello & Aiken 2011;

Papathanassoglou et al. 2012).
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Table 3.7 Risk of bias in nurse outcome studies

@ 3 =

z|2 | 8|5 |sg= |2 |ES

= = ol s =5 2 © 3 =

2 |ss| £ |88 95 £, 55 BE

PEEERE R ErR .

2N 38 2 |35 27 g og L2
Papanassoglou et al. 2012 @) @) (@) @) O O O @)
Karanikola et al. 2012 O O O O o O | O @)
Klopper et al. 2012 O | O @] o @) O | O O
Aiken et al. 2011 O | O O O @) O | O O
Neff et al. 2011 o @) O @) @) o | O O
Gasparino et al. 2011 O | O O O @) O | O (@)
Meeusen et al. 2011 @) @) O @) @ o | O @)
lliopoulou et al. 2010 @) @) @) O @) o | O @)
Aitken et al. 2010 @) @) @) @) O o | O ')
Purdy et al. 2010 O | @ O [ ] [ O |[NA | O
Roche et al. 2010 @) @) O o [ ] O |NA | O
Van Bogaert et al. 2010 O | O @) e © O | O O
Duffield et al. 2010 @) @) O o [ O |NA | O
Cai et al. 2009 o @) O o ] O [NA | O
Cho et al. 2009 @) @) @) [ ) O |[NA | O (@)
Van Bogaert et al. 2009 e o ©) ® O O [NA | O
Aiken et al. 2008 O | O @] ® | O O [NA | O
Faulkner et al. 2008 O | O @) ® O O [NA | O
Manojlovich et al. 2008 o | @ @) ® | O |[NA| O | O
Middleton et al. 2008 e o () ® O O [NA | O
Lai et al. 2008 O | O () ® | O [NA| O O
Duffield et al 2007 O | O @] O | O O [NA | O
Stordeur et al. 2007 O | O @) ® | O O |[NA | @
Stone et al. 2006 O | O @) ® | O O (ONNING)
Manojlovich et al. 2005 o | O O | ® | O O [NA | O
Minvielle et al. 2005 O | O @) ® | O |[NA| O O

[ Yes (low risk of bias)

] Moderate

B No (High risk of bias)

Source: (Inglis et al. 2010) pp.18

This information is presented in Table 3.8 as the relative bias risk for each of the bias quality

criteria assessed. The score generated for risk of bias contributes to the composite quality index

score.
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Table 3.8 Relative risk of bias for all nurse outcome studies

Adequate study sample size |

Suitable sample selection |

Muti-centre study |

Study powered to detect difference |

Nursing staff level RN/Staff Nurse |

Acute hospital inpatient service |

ICU service level matched |

Repeated survey instrument validation | .

0% 25% 50% 5% 100%
[] Yes (low risk of bias) | [[] Moderate | W No (High risk of bias)

Performing an estimate of the power required to detect any difference was the weakest criteria
across the majority of studies with 17 (65%) not including this estimate. Failure to consider
matching nurses according to role, experience and qualifications was found in six studies (23%)
with poorly defined sample selection criteria in four studies (15%) and small sample size in three
studies (12%) being the other areas of weakness that increased to risk bias. A majority of studies

assessed and adequately addressed the risk of bias (von Elm et al. 2007).

In summary, statistical methods were well described and confounding was addressed through
sample size and selection criteria along with the stratification and examination of subgroups and
interactions. Missing data were managed by excluding incomplete survey responses.
Prospective cohort studies addressed loss to follow up by excluding those records while
maintaining and adequate sample size (Meeusen et al. 2011; Purdy et al. 2010). Twenty-two
studies used a prospective cross-sectional design with convenience sampling primarily used.
This potential weakness in study design was countered with large multicentre sample sizes.
Sensitivity analysis would have enhanced methodological strength but this was not conducted
by any of the studies assessed. Two small studies (Middleton et al. 2008; Van Bogaert et al. 2009)
were weak in a number of bias and quality criteria. However, the associations found with nurse

participation, perception of leadership, collegiality and nurse perception with staffing and

72



resourcing, and the practice environment were consistent with large studies (Aitken et al. 2010;

Duffield, Diers, et al. 2011; Klopper et al. 2012) providing support for inclusion.

Overall the studies had a high mean quality index score of 85%, low to moderate risk of bias and
demonstrated outcome measure repeatability indicating high reliability for determining the
minimum dataset. Twenty-one nurse outcomes in acute and intensive care work environment

were identified. Nurse outcome measures identified from the integrative review are listed in

Table 3.9.
Table 3.9 Nurse outcome measures minimum dataset
# Nurse Outcome
1. Autonomy
2. Control over practice
3. Empowerment
4. Role conflict or ambiguity
5. Nursing foundations
6. Participation
7. Leadership
8. Collegiality (Doctor)
9. Collegiality (Nursing)
10. Resourcing and staffing
1. Flexible scheduling
12. Access to professional development
13. Personal accomplishment
14. Professional advancement /recognition
15. Professional perception
16. Satisfaction with nursing
17. Job satisfaction
18. Emotional exhaustion (burnout)
19. Moral distress and anxiety
20. Depersonalisation
21. Intention to leave

Detailed definitions of nurse outcomes, provided in Appendix 4, inform conceptualisation their
relevance to the work environment in relation organisational factors, operational processes and
the psychosocial perceptions held by nurses. The most appropriate survey instrument to
evaluate the work environment needs to demonstrate a high level of congruence with the
identified nurse outcomes to comprehensively evaluate the work environment (AACN 2005;

Hickey et al. 2010; Spence Laschinger, Almost & Tuer-Hodes 2003).
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3.4 Nurse work environment survey instruments

The integrative review of nurse outcomes and the process conducted to determine appropriate
survey instrumentation for this study is published in Abbenbroek, B., Duffield, C. & Elliott, D.
(2014b), 'Selection of an instrument to evaluate the organizational environment of nurses
working in intensive care: an integrative review', Journal of Hospital Administration, vol. 3, no.
6, pp. 143-62 (see Appendix 5). The key steps taken are summarised below with a detailed

description of selected instrumentation provided in Chapter 4 Methods section 4.6.3.

Twenty-five survey instruments (see Appendix 6) were identified in the integrative review. The
Nurse Work Index-Revised (NWI-R) (Aiken & Patrician 2000), Practice Environment Scale-Nurse
Work Index (PES-NWI) (Lake 2002) and Maslach’s Burnout Inventory (MBI) (Maslach & Jackson
1981a) demonstrated the highest level of reproducibility, use in ICU and reliability as

summarised in Table 3.10.

Table 3.10 Survey instrument reliability

Source: (Abbenbroek, Duffield & Elliott 2014b) pp. 156

Survey Instrument

Quality and validity factors

NWI-R PES-NWI MBI
Frequency 7 1 13
Testing repeated Yes (multicenter)  Yes (multicenter) Yes (multicenter)
Large study population (range) 155 t0 2,287 67 t0 98,116 5510 98,116
Tested in nursing populations Yes Yes Yes
Conducted in ICU 27 4/11 3/13
Organizational content validity Yes Yes Yes (interpersonal)
Cronbach’s alpha a 85 a 81 a 82

The three survey instruments were tested repeatedly in multicentre studies with large nurse
samples in acute care and ICU environments, though PES-NWI and MBI had been used more
frequently. All instruments demonstrated an acceptable level of reliability, with mean
composite Cronbach’s alpha coefficients greater than 0.7. Furthermore, all three instruments
had the highest level of congruence with the nurse outcomes dataset (see Table 3.11) with the
NWI-R aligned with sixteen outcomes and PES-NW!I with seventeen. Higher congruence with the

identified nurse outcomes, demonstrated content validity, an ability to discriminate positive
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work environment characteristics, repeated testing and strong psychometric properties

supported selection of the PES-NWI as the preferred survey instrument.

Table 3.11 Survey instrument congruence with nurse outcomes

Source: (Abbenbroek, Duffield & Elliott 2014b) pp. 156 (see Appendix 5)

Nurse Outcome Congruence with Nurse Outcomes
Autonomy Yes Yes No
Control over practice Yes Yes No
Empowerment Yes Yes No
Role conflict or ambiguity Yes Yes No
Nursing foundations Yes Yes No
Participation Yes Yes Optional questions
Leadership Yes Yes No
Collegiality (Doctor) Yes Yes No
Collegiality (Nursing) Yes Yes No
Resourcing and staffing Yes Yes No
Flexible scheduling Yes Yes No
Access to professional development  Yes Yes No
Personal accomplishment Yes Yes Yes
Professional advancement /recognition ~ Yes Yes No
Professional perception Yes Yes No
Satisfaction with nursing No Yes No
Job satisfaction No No Yes
Emotional exhaustion (burnout) No No Yes
Moral distress and anxiety No No Yes
Depersonalisation No No Yes
Intention to leave Yes Yes Yes

The MBI encapsulated six outcome measures listed in Table 3.9 including level of participation,
job satisfaction, emotional exhaustion (burnout), moral distress and anxiety, and
depersonalisation. Four outcomes captured by the MBI are not captured by the NWI-R and PES-
NW!I providing the justification to also add the MBI to the nurse survey instrument selected. The
structure and content of the selected PES-NWI and MBI survey instruments are described under

instrumentation in the following chapter.
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3.5 Summary

The two integrative literature reviews described in Chapter 3 resulted in the identification of
patient outcomes, unit level measures of effectiveness and selection of the nurse survey
instruments for this study. In Chapter 4 the proposed study design and methods employed to
evaluate the hot-floor model, using the outcome dataset and selected survey instruments, are

specified.

76



4 METHODS

4.1 Introduction

The emerging ICU hot-floor model exemplifies contemporary organisational practices for the
delivery of critical care services. Chapter 2 explored this in the context of the evolution of
intensive care as a clinical specialty and the drivers of change to ICU organisation and
operational management. Operational processes have evolved with developments in evidence
based best practice and management. The conceptual framework for this study is based on the
interdependent relationships between the association of organisational factors and processes
in ICU, with the outcomes for patients and nurses and unit level effectiveness, described in
Chapter 3. However, the association is not well understood and therefore outcome measures,
mediated by organisational factors, were identified from relevant literature to facilitate
investigation of this phenomenon. This Chapter outlines the methods used to evaluate the hot-

floor model compared to a traditional ICU.

The overall approach to this research is initially described before study design, setting, selection
criteria and procedures, specific to the patient outcomes study and nurse outcomes study, are
then explained separately. Lastly, the foundations required for robust and ethical enquiry, as

they apply to both studies, are established.

4.2 Aim

The aim of this research was to determine if there were significant differences in patient and
nurse outcomes between the ICU hot-floor model (ICUA) and a conventional ICU model (ICUB),
and confirm if the hot-floor model achieved high organisational reliability in terms of efficiency

and effectiveness.
4.3 Design
A two-method two-site study design was used with the approach taken to conduct both the

patient outcome study and nurse outcome study described schematically in Figure 4.1.
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Figure 4.1 Research approach

The patient outcomes study employed a retrospective cohort design to compare two patient
groups, one each from the hot-floor ICU (ICUA) and the conventional ICU (ICUB). The cohort
design enabled multiple outcome variables to be examined. The nurse outcomes study used a
cross-sectional survey design to determine if differences exist between nurse groups from ICUA
and ICUB at a selected point in time. The non-interventional design enabled non-intrusive study

of outcomes as they occur in the work environment.

This multiple-methods cross sectional study, involving both retrospective and prospective
collection periods, had the potential to impede the integration of findings in regard to nurse
sensitive patient outcome measures. In recognition of the need to meaningfully interpret results
and collectively discuss the findings of each study, the service profile and activity at each study
site were reviewed during the retrospective and prospective study periods to establish that no
organisational or operational changes had occurred (see Section 5.2). Furthermore, a
longitudinal view of the nurse workforce at quarterly intervals for the complete duration of the
research was conducted, to ascertain if any workforce variation in terms of structure, resourcing

and staffing models (see Section 5.3).

Quantitative methods were used for this research due to the ‘realist’ nature of the phenomenon

of interest i.e. the aim was to objectively discover a potential reality existing in the ICU using
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methods that minimise subjectivity by the researcher. Positivism is the most extreme form of
guantitative methodology relying on fixed laws of cause and effect tested through reliable
measurement (Bowling 2014). However, achieving complete objectivity in this study was not
feasible as no direct causation can be attributed and detached objectivity is not possible due to
the study setting and context. This experimental realism led to post-positive interpretive
philosophy being adopted to approximate the objective reality being studied through

observation, exploration of association and probability.

Post-positivism is a pragmatic quantitative approach that supports the generalisation of findings
to a population with the meaning and truth of any idea being a function of its practical outcomes
(Peirce et al. 1982). Pragmatism is focused on the linking of practice and theory, and describes
a process where theory is extracted from practice, and applied back to practice to form what is
called intelligent practice (Decker 2012). This then builds on the body of knowledge that exists
regarding the impact of organisational factors on patient and nursing staff outcomes by

exploring these phenomena specifically in the ICU (Polgar & Thomas 2013).

4.4 Study settings

Selection of the hot-floor ICU (ICUA) and conventional ICU (ICUB) for this study was based on

matching two sample ICUs across multiple criteria, listed in Table 4.1.

Purposive homogeneous sampling was used to ensure the tertiary adult ICU study settings had
a similar service level, operational management, patient casemix, clinical processes and
workforce structures. Matching ICUA, nested physically and organisationally within an ICU hot-
floor service, and ICUB, a conventional standalone unit, on these characteristics enabled

variation within the clinical work environments to be controlled.

4.5 Patient outcomes study procedures

The following section describes the assumptions and sample calculation estimates applied to
the patient arm of this study. The steps and processes used for data collection are then

summarised.
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Table 4.1 Study setting selection criteria

Core ICU Characteristics

Organisational Attribute

Classification Public Hospital
Adult tertiary referral ICU
General ICUA (nested within a hot-floor service)
Service General ICUB (standalone conventional ICU)
delivery College of Intensive Care Medicine Level 3
structural Training accreditation
characteristics ~ Capacity General ICU bed numbers
Clinical specialiies  Hospital level & state specialist referral services
Clinical support role  Rapid response, outreach and clinical procedures
Activity Admissions, patient volume, occupancy, LoS
Patient casemix Age, gender, diagnosis, severity of lliness, invasive ventilation and
mortality (crude/SMR)
Clinical care Clinician competencies
Operational processes Prophylaxis bundles and protocols
management Pharmacist and microbiologist rounds
Quality activities Hospital acquired infection prevention & reporting
Adverse event prevention, monitoring & reporting
Mortality and morbidity reviews
Organisation Nursing, medical, allied and ancillary staff
Resourcing Staffing establishment for nursing, medical, allied and ancillary staff
Nurse vacancies
Workforce Levels of clinical experience
Proportion of intensive care qualified staff
Shift staffing model  Staff resources in business and after-hours
Stability Staffing for the duration of the study (Jan 2013 — June 2014)

4.5.1 Sampling

The population of interest was adult patients with critical illness or injuries admitted to a general
ICU in a public hospital in Australia. Inclusion criteria for participants were all adult ICU (> 16
years) inpatients that had a completed episode of care between 1 January and 31 December
2013 in the two study sites, from both planned and unplanned admission sources. Patient
casemix was controlled through multiple factors including severity of iliness and the service level
of ICUA and ICUB. An appropriate sample size was calculated through power analysis to ensure
stability of the parameters generated in the results (Ferketich & Verran 1990). Power was set at

0.80 (Cohen 2013).
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Effect size estimation was based on the standard deviation of the primary outcome of crude
mortality (o = 0.0243), a gold standard patient outcome measure routinely reported for all
Australian tertiary level ICUs (n=31) to the ANZICS APD in 2013. This variation reflected a small
effect size (range 0.02-0.15). A calculation was performed using G-power
(http://www.gpower.hhu.de/en.html) for one and two-tailed tests with a small effect size of 0.1,
alpha set at 0.05, and a power of 0.8 for two groups, to determine the appropriate sample size

of 500 patients from each site, resulting in a total of 1000 patients (Cohen 2013; Kang 2015).

Moderate precision (o = 0.05) was considered appropriate given the health services research
nature of the study, as opposed to a clinical intervention study such as a drug trial (Bowling
2014). The sample size aimed to provide adequate power to reduce the probability of a type |

error or a type |l error during statistical analysis (Pereira & Leslie 2009).

A comparable range of sample sizes, from approx. 200 to 2000 patients, was used in similar
studies of organisational factors in ICU including Intensivist cover, continuity of care, practice
standardisation and organizational factors impacting on high risk ICU patients (Ali et al. 2011;

Garland, Roberts & Graff 2012; Jarachovic et al. 2011; van der Sluis et al. 2011).

4.5.2 Data Collection

Patient clinical and demographic data were collected for the 2013 calendar year enabling
seasonal fluctuations and corresponding operational changes to be captured (Green 2005;

Hultman et al. 2012). Patient outcome measures collected are listed in Table 4.2.

Table 4.2 Patient and unit level variables

Outcome Measure

Unplanned Extubation (UE)

Central Line Associated Blood Stream Infection (CLABSI)
Pressure Ulceration (PU)

Venous Thrombosis Embolism Prophylaxis (VTEP) compliance
Length of Stay (LoS)

Crude Mortality (Mortality) !

After-hours Discharge (AHD)

Delayed Discharge (DD)

Unplanned Readmission to ICU (<72hours) (UR)

1. Primary outcome measure used for sample size calculations

o N O OB WDN |

©
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With permission, de-identified data were accessed from each local ICU Clinical Information

System (ICU-CIS) and clinical registry routinely used for patient management, data collection,

monitoring and reporting, with no direct patient interaction. Data collection was facilitated

through a series of meetings with each Clinical Information System Manager from ICUA and

ICUB. In addition, the ANZICS APD provided data on the national tertiary adult ICU population

using Excel software 15.0 (Microsoft Corporation, Redmond, Washington, USA). The data

collection process is summarised in Figure 4.2.

ICU CIS Manager
Mesting (1)

ICU CIS Manager
Meeting (2)

ICU CIS Manager
Meeting (3)

CU CIS Manager
Meeting (4)

Patient Outcome Data Collection

ICUA& ICUB

Confirmation
+ Daterange
Data fields/scope
Sample size
Inclusion/exclusion criteria
De-identification
Coding schema
Randomisation process
Extract file format Excel
Qualty audit processes

Data Extract

+ Al patient files generated by MRN for
calendar year 2013

+ Null and missing values reconciled

+ Coded (e.g. ICUA1)

* Randomisation

+ Sample distribution equal for year
Q1,02,Q3,04

¢ ICUA& ICUB ANZIC APD activity
reports (PDF)

+ Data files saved to password secure
storage

Qualty Audit
+ Validate sample data complete by
investigator and CIS Manager using
Excel frequency & filter functions

Data Manipulation
+ SQL queries for outcomes and patient
casemix data
+ Excel study file created
+ Imported into SPSS (v22)
+ Quality audit repeat test of frequencies
in SPSS

Data Access
Application submitted
to ANZICS CORE

Application
Administration

Application
Approved

Export
Data Files

Data Files
Management

ANZICS APDICCRS

Figure 4.2 Patient data collection process

Confirmation
Data request for APDICCRS 2013
Data fields
Scope (National) Adult Tertiary Level 3
ICU
Sample size (n=48 ICU)
De-identification
Coding schema
Extract file format Excel
Quality audit processes

Requirements
Obtained ANZICS affiliated
membership to facilitate data extract
and export
Endorsement by NSW two senior ICU
Medical Staff

Data Verification
Consultation with ANZICS CORE
Senior Project Officer - Data Quality
and Education on data definitions, data
extract level (i.e. unit level & calculated
descriptive statistics

Data Extracts
ZIPfile password protected containing
separate files for APD 2013 and CCRS
2013

Quality Audit
APD 45/48 files complete
CCRS 42/48 files complete
Sample validated by investigator & CIS
Manager using Excel frequency & fiter
functions
Null and missing values reconciled
Imported into SPSS (v22)
Repeat test of frequencies in SPSS
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In addition to nine patient outcome measures, found to have an association with organisational
factors in Chapter 3, three additional outcome measures, routinely reported as indicators of ICU
guality management, were also measured: access to an ICU bed, annual volume of patients per
bed, and average ICU occupancy. These are summary measures aggregated at the unit level for

the full calendar year for each ICU and included to compare activity between the two study sites.

The IntelliSpace Critical Care and Anaesthesia (Philips Healthcare, Amsterdam) ICU-CIS was used
in ICUA and Centricity (General Electric Healthcare, Chicago) ICU-CIS in ICUB. Data were
collected according to a dictionary of terms and parameters specified by the national ANZICS
APD to ensure consistency (ANZICS CORE 2013a). Data validation in the ICU-CIS is a routine
practice for clinicians at the point of care with quarterly data quality checks performed by the
ICU-CIS Manager prior to files being exported to the national ANZICS APD database (ANZICS
CORE 2014b). Each ICU-CIS ACCESS Database 15.0 (Microsoft Corporation, Redmond,
Washington, USA) was interrogated with Structured Query Language queries based on the
sample inclusion criteria and specific outcomes of interest for data acquisition. Data files were

then exported to Excel for the first stage of quality review and randomised sample selection.

Data files contained 1417 patient records for ICUA and 937 for ICUB. Randomisation was
performed using the Excel randomisation function. The process involved manipulating each data
file to create a temporary column ‘B’ next to column ‘A’ which contained the coded records
(Hot-floor Nos. 1-1417: Conventional ICU Nos. 1-937). The randomisation command “fx =rand ()’
was copied to all rows of data. Both column ‘A’ and ‘B’ were highlighted, then the data and sort
by column ‘B’ functions were used to randomise the data following which the temporary column
‘B’ was deleted. The sample size (n=500) was divided into the full year study population for each
ICU to obtain the sampling fraction or interval. The sampling fraction was then used as the
constant difference between subjects to ensure the selection of patients was distributed evenly

across the entire 12-month study period.

4.6 Nurse outcomes study procedures

4.6.1 Sampling

The available clinical bedside nursing population during the study period from April to June 2014

(inclusive) was 112 nurses (102 FTE) in ICUA, and 84 nurses (71.5 FTE) in for ICUB. An estimated
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sample of 130 ICU nurses; 65 from each of the study sites was proposed, based on a previous
Australian study assessing the impact of an ICU nursing practice intervention on perceptions of
the practice environment, assuming a small effect, with calculated sample size of 63 participants
eachin two study groups (Aitken et al. 2010). As a result, that study had 80% power and detected
a statistically significant difference at a significance level of 0.05 (2-tailed) in means of 0.4 with
a standard error of 0.8. A comparable range of sample sizes were also used in similar studies of
nursing outcomes associated with work environment factors mediated by organisational factors
(Gikopoulou et al. 2014; Moneke & Umeh 2013). Moderate precision (a = 0.05) was appropriate

for the health management nature of the research, as noted earlier (Bowling 2014).

This sample size was postulated to provide adequate power, reducing the probability of type |
and Il errors (Pereira & Leslie 2009). To achieve the required estimated sample size, all clinical
nurses working in the study sites were invited to participate with Nurse Managers (NMs) and
Clinical Nurse Educators (CNEs) promoting recruitment in their respective ICUs. Inclusion criteria
were Registered Nurses rostered permanently to the ICU; allocated to provide direct patient
care; full time or part time employment; all levels of clinical experience; and both ICU qualified
and non-ICU qualified. Recruitment occurred over a three-month period. The sample size was

also considered feasible within the context of this doctoral study and the data collection period.

4.6.2 Data collection

Information sessions and presentations were conducted for clinical staff during in-service
education periods, weekends and night duty at each site to explain the study purpose and
review the structure and instructions for completing the nurse survey. Fourteen information
sessions were conducted with 155 nurses in total attending. A ten-minute presentation on the
impetus, structure and objective of the study was provided and the questionnaire reviewed to
ensure instructions were clear. A Participant Information Sheet (PIS) (see Appendix 7) was

provided and reviewed to offer an opportunity for questions and clarify any concerns.

In total 155 hard copy questionnaires were distributed at the information sessions (81 in ICUA
and 74 in ICUB). Each survey was returned in a coded sealed envelope either at the end of the
information session, or if completed later, to the Nurse Manager (NM) or Clinical Nurse Educator

(CNE) Training regarding survey completion was provided to NMs and CNEs should questions
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arise. The NM also distributed the PIS and link to the electronic version, using Survey Monkey

software (Survey Monkey Inc., Palo Alto, California, USA, www.surveymonkey.com), via email

(see Appendix 8). The Survey Monkey link remained active for the three-month collection period
and was configured to require all fields to be completed before progressing onto the next

section or exiting the survey.

The potential impact of different survey modalities on response rates and results due to factors
including survey length, format and duration, computer literacy and access to terminals is
acknowledged. In a review of the adequacy of response rates to online and paper surveys by
Nulty (2008), the impact of hard copy versus electronic surveys was not constant and largely
dependent upon characteristics of the sample population and survey design. In this study hard
copy and electronic survey methods were employed to suit the work environment and
participants. Hard copies provided the opportunity for immediate completion following the
face-to-face information sessions so as to capitalise on nurses being released from the bedside

and the motivation generated through the session.

The electronic format was also considered suitable given the highly technical environment of
the ICU and high levels of computer literacy particularly in the study units that routinely use an
ICU-CIS. A review of sampling and data collection procedures in nursing research undertaken by
Suhonen et al. (2015) identified that a variety of data collection procedures is associated with a
large amount of missing data and may be detrimental to response rates. With this in mind a
number of steps were taken to minimise variation due to survey completion effects. The hard
copy survey was piloted (see Section 4.6.3), data management involved a comprehensive data
quality audit and a strategy established to appropriately manage responses with missing data

(see Section 4.7).

Response rates were proactively driven by a weekly email sent by the nurse manager to nursing
staff as a reminder about the study and to follow up on the return of competed hard copies,
which also included the link to Survey Monkey. Each survey response was registered against a
confidential list, not available to the investigator, which was held by the NM to mitigate the risk
of the survey being completed more than once by respondents. To complete data acquisition

hard copy survey responses were transcribed into an Excel data file and combined with
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electronic responses. This facilitated data quality and integrity review process and preparation

for analysis.

4.6.3 Instrumentation

As described in Chapter 3 the PES-NWI (Lake 2002, 2007) and MBI (Maslach & Jackson 1981a)
demonstrated the highest congruence with the nurse outcome dataset and strong psychometric
properties (Abbenbroek, Duffield & Elliott 2014b). The PES-NW!I consists of five subscales that
measure nurse participation in hospital affairs; nursing foundations for quality of care; nurse
manager ability, leadership, and support of nurses; staffing and resource adequacy; and collegial
nurse-physician relationships (Lake 2002). The practice environment is shaped by these
organisational characteristics that either facilitate or constrain professional nursing practice
(Lake 2002; Liou & Cheng 2009). A four-point scale (strongly disagree, disagree, agree and
strongly agree) is used to rate the extent to which the items are present in the participant’s
workplace. Mean scores above 2.5 indicate agreement that the item is present in the workplace
while scores below 2.5 indicate disagreement (Lake 2002). Internal consistency and reliability of
subscales has been psychometrically validated based on Cronbach's alpha coefficients, used for

guestionnaires containing the Likert scale.

In the original development process, coefficients for each of the subscales were reported as
Nurse Participation in Hospital Affairs (a=0.83); Nursing Foundations for Quality of Care
(a=0.80); Nurse Manager Ability, Leadership, and Support of Nurses (a=0.84); Staffing and
Resource Adequacy (0=0.80); and Collegial Nurse-Physician Relations (a=0.71), with an overall
alpha of 0.82 (Lake 2002). Detailed factor analysis and psychometric validation globally (Klopper,
Aiken & Coetzee 2012; Warshawsky & Havens 2011) has repeatedly scored Cronbach’s a above
0.70 (Aiken, Sermeus, et al. 2012; Bonneterre et al. 2008; Gikopoulou et al. 2014).

The PES-NWI typically consists of 31 questions, but one question relating to the ‘Use of Nursing
Diagnoses’ was omitted as it is not used in the Australian practice setting (Parker et al. 2010).

The version of the PES-NW!I used in this study therefore contained 30 questions (see Table 4.3).
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Table 4.3 ICU Nurse Survey Section C PES-NWI

ltem
Subscale Indicator Description Z
o  Career development/clinical ladder opportunity 5
o Opportunity for nurses to participate in policy decisions 6
e A senior nursing administrator who is highly visible and accessible to staff 11
Nurse e A senior qursing administrator equal in power and authority to other top 15
Participation in level hosplFaI executives
Hospital e Opportunities for advancement 17
Affairs e Administration that listens and responds to employee concerns 21
o Nurses are involved in the internal governance of the hospital (e.g. practice 23
and policy committees)
e Nurses have the opportunity to serve on hospital and nursing committees 27
o Nurse managers consult with staff on daily problems and procedures 28
o Active staff development or continuing education programs for nurses 4
o High standards of nursing care are expected by the administration 14
e Aclear philosophy of nursing that pervades the patient care environment 18
Nursing o Working with nurses who are clinically competent 19
Foundations ¢ Anactive quality assurance program 22
for Quality o A preceptor program for newly hired nurses 25
Care o Nursing care is based on a nursing rather than a medical model 26
o  Written up-to-date nursing care plans for all patients 29
e Patient care assignments that foster continuity of care (i.e., the same nurse 30
cares for the patient from one day to the next)
Nurse e A supe_rvisory staff.that is supporti\{e of the nurses o 3
Manager e  Supervisors use mlstgkes a§ learning opportumhgs, not criticism 7
Ability, . iA ndurse manager or immediate supervisor who is a good manager and 10
. eader
;ﬁzdggzggn of e Praise and recognition for a job well done 13
Nurses e A nurse manager or supervisor who backs up the nursing staff in decision 20
making, even if the conflict is with a doctor
o Adequate support services allow me to spend time with my patients 1
Staffing and e Enough time and opportunity to discuss patient care problems with other 8
Resource nurses
Adequacy e  Enough registered nurses on staff to provide quality patient care 9
e Enough staff to get the work done 12
Collegial e Doctors and nurses have a good working relationship 2
Nurse-Doctor e Alot of team work between nurses and doctors 16
relations e Collaboration between nurses and doctors 24

Complementing the focus on organisational factors by the PES-NWI, the MBI assesses
interpersonal and psychosocial aspects of the work environment but with greater emphasis on
individual perceptions and emotions implicated in burnout (Maslach & Jackson 1981a). While

alternative measures of burnout have been developed, such as the Copenhagen Burnout
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Inventory, the MBI remains the most widely used instrument (Kristensen et al. 2005;

Neamatollahi & Jalali 2015; Poghosyan, Aiken & Sloane 2009).

Three versions of the MBI are in use; two versions were developed specifically to capture
burnout in professions with challenging interpersonal interactions in human services and
education, namely the MBI Health Services Survey (MBI-HSS) and MBI Educational Survey (MBI-
ES) respectively (Bria et al. 2014). The MBI General Survey (MBI-GS) was developed to research
professions outside human services (Bria et al. 2014). However, the MBI-HSS factor structure
has been validated on samples of healthcare professionals, with the three dimensions tested
found to be moderately correlated (Hallberg & Sverke 2004; Worley et al. 2008). A large
international study involving eight countries in a sample of 54,738 acute care nurses confirmed
that the MBI-HSS is a valid instrument to study correlates of nurse burnout globally (Poghosyan,
Aiken & Sloane 2009). Furthermore, acceptable psychometric properties were confirmed with
all three subscales demonstrating Cronbach’s alpha above 0.7 (Poghosyan, Aiken & Sloane

2009). The MBI-HSS was therefore considered suitable for use in this study with ICU nurses.

The three subscales of the MBI-HSS measure depersonalisation, emotional exhaustion and sense
of personal accomplishment (see Table 4.4). All contribute to burnout and were found to be

strong predictors of a healthy work environment in Chapter 3.

Burnout has been defined as a psychological syndrome involving emotional exhaustion,
depersonalisation and a diminished sense of personal accomplishment that occurs among
human services professionals, such as nurses, working in challenging situations (Maslach 1982;
Poghosyan, Aiken & Sloane 2009). Depersonalisation (five items) assesses the degree of
detachment and impersonal care of patients; emotional exhaustion (nine items) describes
feelings of being emotionally exhausted because of the work performed; and personal

accomplishment (eight items) describes beliefs of competence and achievement at work.

Each item within the subscales is rated using a seven-point scale, ranging from low (“never
having those feelings”) to high (“having those feelings every day”). Scoring and interpretation of
results is based on comparing aggregated sample means and standard deviations for each
subscale with normative sample data, and in accordance with Maslach’s Burnout Inventory

Manual (Maslach, Jackson & Leiter 1996a).
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Table 4.4 ICU Nurse Survey Section D MBI-HSS

Subscale Indicator Description ltem #
| feel | treat some recipients as if they were impersonal objects. 5
I've become more callous toward people since | took this job 10
Depersonalisation | worry that this job is hardening me emotionally 1
| don't really care what happens to some recipients 15
| feel recipients blame me for some of their problems 22
| feel emotionally drained from my work 1

| feel used up at the end of the workday

| feel fatigued when | get up in the morning and have to face another day
on the job
Working with people all day is really a strain for me

Emotional

Exhaustion | feel burned out from my work
| feel frustrated by my job 13
| feel I'm working too hard on my job 14
Working with people directly puts too much stress on me 16
| feel like I'm at the end of my rope 20
| can easily understand how my recipients feel about things
| deal very effectively with the problems of my recipients
| feel I'm positively influencing other people's lives through my work

Personal | feel very energetic 12

Accomplishment | can easily create a relaxed atmosphere with my recipients 17
| feel exhilarated after working closely with my recipients 18
| have accomplished many worthwhile things in this job 19
In my work, | deal with emotional problems very calmly 21

Each score can be coded as low, average or high by using the numerical cut off points for each
subscale (Maslach, Jackson & Leiter 1996a). Categorisation of the levels of depersonalisation,
emotional exhaustion and personal accomplishment (see Table 4.5) according to the normative
data from a sample gathered on 1,104 nurses and medical staff (Maslach, Jackson & Leiter
1996a). A high degree of burnout is reflected in high scores on the Depersonalisation and
Emotional Exhaustion subscales and low scores on the Personal Accomplishment subscale. An
average degree of burnout is reflected in average scores on the three subscales. A low degree
of burnout is reflected in low scores on Depersonalisation and Emotional Exhaustion subscales

and in high scores on the Personal Accomplishment subscale.
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Table 4.5 MBI subscale categorisation per normative sample scores

Frequency
DP EE PA
High >10 > 27 <33
Moderate 6-9 19 - 26 34 -39
Low <5 <18 > 40

Despite this stratification being developed by the original authors of the MBI, they recommend
performing statistical analysis on the original numerical scores, rather than categories. The
method uses normative population means (see Table 4.6) to enhance the power of the analysis

(Maslach, Jackson & Leiter 1996a).

Table 4.6 MBI normative mean subscale scores

DP EE PA
Mean (n = 1,104) 712 22.19 36.53
sD 5.22 9.53 7.34

Based on the selected PES-NWI and MBI-HSS instruments and the remaining nurse outcomes
identified in the literature review, the ICU Nurse Survey tool (see Appendix 9) used in this study
consisted of four sections containing a total of 80 questions with tick-box answers. Two sections
sought information on work factors and demographic characteristics, the third contained the
PES-NWI and the forth the MBI-HSS. A separate section for free text comments was provided
for any additional views to enrich the understanding of participants’ perceptions about their
work environment. Survey completion was deemed consent to participate. Survey structure,
design and formatting was based on the instrument used in a previous Australian nurse outcome

study (Duffield, Roche, et al. 2007).

Prior to survey administration a pilot study was conducted to ensure instructions for completion
were clear, to validate the wording of questions to avoid ambiguity, determine the time taken
and feasibility of completion by participants and administrative logistic issues. Using purposive
sampling, the preliminary survey was tested on 14 clinical Registered Nurses from a range of
tertiary level ICUs representing the study population but external to the study sample. The pilot
sample size was approximately 10% of the estimated sample size for the main study and
therefore considered an adequate representation (Simon & Goes 2011). Respondents were

initially contacted via email to seek consent to participate in the pilot study, then provided with
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the PIS and a coded hard copy of the questionnaire to maintain confidentiality. The pilot group
were asked to monitor the time taken for completion and to provide feedback. A return stamped
self-addressed envelope was also provided. Thirteen pilot surveys were returned, a response
rate of 93%, still representing approximately 10% of the main study sample size. Years of ICU
experience ranged from one to 21 years providing a broad perspective of ICU experience within
the pilot participants. Time taken to complete the survey was considered appropriate with a

mean of 11 minutes (range 7 — 15 minutes).

Following pilot testing, minor modifications to the instrument were made. Some terms - ‘care
recipient’, ‘patient care assignment’, ‘nursing models’ and ‘Physician’ were considered unclear
by respondents but were fundamental to the content of the PES-NWI and MBI-HSS instruments
and therefore not modified. An explanation for these terms was therefore included in the survey
instrument and included in staff briefing sessions. Grammatical errors were corrected and font
size maximised. Interrater reliability across respondents was high with overall agreement on the

appropriateness of the structure, content, ease of completion and time taken.

4.7 Data Management

Data management for both studies was undertaken in accordance with a checklist (see Appendix
10) to ensure requirements were addressed and to review the quality of the processes
implemented. Patient sample data were extracted electronically and did not require manual
transcription. Nurse sample data required hard copy and electronic Survey Monkey responses
to be transcribed into a single data file using Excel. Transcription of data may lead to omissions
and coding errors therefore data quality and integrity was validated in multiple steps, listed in

Table 4.7 (Tabachnick & Fidell 2001).

Quality and integrity of the patient sample data was high with no missing data or aberrant
variables being attributable to the use of an ICU-CIS in both ICUs for clinical management and
documentation. Nurse sample data were missing PES-NWI and MBI-HSS sections in five hard
copy survey responses. PES-NWI accounted for approximately 37.5% of the data collected in
each survey with MBI-HSS approximately 27.5% of data therefore surveys missing these sections
were excluded from further analysis. A further five hard copy responses were missing an

individual data variable.
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Table 4.7 Patient and nurse sample data audit steps

Study 1: Patient outcomes

Study 2: Nurse outcomes

Data preparation working action logs

—_

Data preparation working action logs created

created 2. Cross check nurse survey responses:
Colour coding of rows and columns 3.  Against the coded response register for
to differentiate to assist visual duplications
inspection 4. Hard copy survey responses transcribed verbatim
Run counts on variables in Excel to Excel file
data files for missing data in each 5. Hard copy survey responses screened during
dataset transcription for missing data
Cross check patient sample datafor 6. Missing data checked with frequency counts in
equal distribution over the 12 month Excel. Missing individual variables managed by
study period mean imputation.
Units of measure compliance with 7. Electronic survey mandatory response requirement
standardised data dictionary configured
Age, admission date and LoS per 8. Electronic survey responses exported from ‘Survey
extracted file to verify record ID and Monkey’ to Excel file and screened visually and by
no duplicated records cell frequencies for completeness
Second independent reviewer 9. Excel data file from hard copy and electronic
validated the data integrity prior to copies merged with ICUA responses in group 1
exporting to SPSS and ICUB responses in group 2 (excluding five
Variable frequency counts run on the hard copy surveys with incomplete sections item 2.
data imported in SPSS 10. Colour coding of questionnaire sections, rows and
Normality assumptions and outliers columns to group sections and differentiate on
assessed visual inspection

11. Negatively worded questions reversed

12. Second independent file review

13. Exported to SPSS, file structure validated (ICUA =

1, ICUB = 2) and frequencies re-checked
14. Normality assumption and outliers assessed

No item was missing on more than one survey and no pattern was discernible in missed
responses suggesting that these missing data were random rather than systematic (Grove &
Burns 2005). Mean imputation was used to replace the missing observation (Coetzee et al.
2013). The potential reduction in variance and impact on data relationships due to mean
imputation is acknowledged but the risk was minimal due to the small number of missing

variables occurring singularly in 145 separate responses.

This completion rate compared favourably to other studies of similar nurse populations

internationally (Myhren, Ekeberg & Stokland 2013; Papathanassoglou et al. 2012). Additionally,
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visual inspections along with data frequency and range checks were repeated to validate data
integrity and ensure no transcription errors. A second independent reviewer was not involved
in the study nor had any link with nursing or healthcare services. These steps combined with
those previously described provided confidence regarding data integrity and suitability for
aggregation and analysis. Formatting and coding of patient and nurse sample data were logged
in an SPSS codebook (see Appendix 11) created to record definitions, labels and the number

assigned to each response captured.

4.8 Data analysis

Data preparation, preliminary analysis, psychometric validation and the steps to be taken to
determine the most appropriate statistical analysis are summarised in the data analysis plan

summarised in Figure 4.3.

Create data file structure, define
wvariables and create SPSS
codebooks

Data aggregation

+

Data quality and integrity audit
Management of missing data

+

Descriptive analysis

MNurse Survey
Cronbach'sa
Exploratory Factor Analysis
Confirmatory Factor Analysis

Mormality Tests
Skewness, Kurtosis, Kolmogorov-
Smirnov, Shapiro-Wilks

v v
Patients MNurse Survey
v +
Pearson’'s Chi-Square
v
Data Transformation
+

: Spearman’s Rank Order Correlation
Correlation

(rho)
Non-parametric Subscale Independent Samples t-test
Mann-Whitney U Test MANOVA on demographics, work-
Wilcoxon Signed Rank Test life factors, PES-NWI and MBI-HSS5
Kruskal-wallis /Friedman Test Two-way independent ANOVA

Tukey’'s post hoc tests

Figure 4.3 Flow diagram summarising steps taken for data preparation and analysis
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Patient sample datasets consisted of continuous and categorical variables reflecting individual
outcomes and unit-level operational summary measures. Patient demographics, case-mix
variables and outcomes collected at the individual level were aggregated to a group-level
construct for ICUA and ICUB to perform data analysis. Nurse sample datasets consisted of
categorical data for nurse work and demographic variables, and ordinal data for the PES-NWI
and MBI-HSS variables. Nurse work and demographic variables collected on individuals were
also aggregated at unit level (see Appendix 12). The goal of this strategy was to capture
organisational contextual influences on the patient care nurse work environment and identify
any association with patient and/or nurse outcomes. Analysis was then undertaken to
determine what proportion of the outcome could be attributed to or predicted by work

environment or operational factors within the two different ICU organisational models.

Patient case-mix categories for smoking status were collapsed from five to two categories,
‘smoked vs. never smoked’, due to patient similarities in each ICU patient group. Admission
source was also collapsed from six to four categories, ‘OT, ED, Int. Transfer and Ext. Transfer’,

due to small numbers in two groups.

Several nurse variables within the work and demographic sections were stratified into multiple
categories resulting in small counts and a number of answer options in work questions one and
five were redundant as this survey was only administered to permanently rostered clinical
bedside nurses. While the initial stratification provides a detailed level of granularity on these
factors, the small numbers in each and nil selection of other choices resulted in small numbers
that could not be meaningfully tested. Aggregation aimed to optimise the identification of any
statistical difference existing and between patient groups on these variables. This is particularly
relevant in categorical data analysis as there is a minimum count required in each cell to enable

cross tabulation and statistical analysis (Pallant 2013).

Patient and nurse sample datasets were analysed using SPSS IBM Statistics 22 software program
(SPPS IBM, New York, USA). In preparation for importing into SPSS negatively worded nurse
survey response scales were reverse coded where required. This ensured all higher scores
indicated the most positive responses, greatest agreement and highest frequencies on work

factors, work environment characteristics and personal feelings.
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Continuous and dichotomous formats enabled inferential statistical analysis techniques to be
applied including tests of proportions and tests of association between the dependent
(outcome) variable and independent (organisational factor) variables in each ICU. Patient
sample data from both units appeared normally distributed for age and positively skewed for
severity of illness and LoS (see Appendix 13). Outliers were similar in number and spread with
negligible influence on sample means and were therefore retained in the analysis. However,
distribution tests of variables did not support the assumption of normality (see Appendix 14),
even with data transformation (see Appendix 15), non-parametric analyses were conducted.

The significance level was set at .05 for all tests.

The two study sites were compared on physical structures and operational processes directly,
and against the national tertiary adult ICU population. Patient throughput and activity were
compared using one-sample t-tests, with admission profiles compared through non-parametric
one sample binomial test of proportions. Comparison of patient casemix was performed using
one sample Wilcoxon Signed Rank Tests. Non-parametric tests were applied due to the known
heterogeneity within the adult ICU patient population reflected in national reporting (ANZICS
CORE 2014b). Workforce structures were also compared on descriptive characteristics between
study settings and where available against reported national characteristics using Chi-square

analysis.

Descriptive analysis of patient and nurse samples was undertaken with Pearson Chi-square
analysis. Mean scores were calculated for the PES-NWI and MBI-HSS subscales to avoid
differentially weighting subscales with more items (Parker et al. 2010). This also allowed for
subscale comparison using 30 of the 31 items in the original PES-NW!I. Cronbach’s alpha scores
for subscales were calculated to assess internal consistency and reliability of the survey
instruments. Ordinal survey data enabled factor analysis for the PES-NWI and MBI-HSS
instruments. Initially exploratory principal component analysis was undertaken and followed by
a confirmatory factor analysis to establish construct validity of the PES-NWI and MBI-HSS in the

current sample.

Non-parametric statistical analysis is typical of health outcome studies due to the heterogeneity
of study populations (Sakr et al. 2015). Normality assumptions for the data were initially
assessed through visual inspection of data distribution in histograms. Analysis of skewness and
kurtosis was then performed along Kolmogorov-Smirnov and Shapiro-Wilks statistical tests.
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Spearman’s Rank Order Correlation (rho) was performed on continuous variables for Age,
APACHE lll-J, SAPS Il and LoS. Continuous measurement, related pairs of scores from the same
subject and independence of observations supported use of correlations. Linearity and
homoscedasticity were assessed to determine variability in scores for variables X and Y by
generation of a scatterplot matrix. Data transformation was undertaken to determine if
distribution improved, with results confirming that non-parametric statistical tests were most

appropriate for analysis.

4.9 Ethical considerations

Privacy and confidentiality for patients, staff and the organisation was paramount. De-identified
coded data and an observational study design meant no alterations to standard practice or
interventions were envisaged, thereby minimising the risk of ethical issues arising. Use of an
observational design was appropriate as controlling access of critically ill patients to a type of
ICU or random allocation of nurses to either unit for research purposes would be unethical

(Mann 2003).

Research ethics approvals were obtained from the Local Health District (LHD) lead Human
Research Ethics Committee (AU/1/C741117) followed by hospital site-specific approvals
(SSA/13/RPAH/165 and 13/G/224). The University Human Research Ethics Committee ratified
LHD and site specific approvals (2013000014). Executive approvals were also required at both
study sites. Approval was gained to use population-level data from the Australian and New
Zealand Intensive Care Society (ANZICS) Australian Patient Database (APD) and Centre for
Outcomes Research Evaluation (CORE). Permissions were obtained for use of the PES-NWI
survey and the MBI-HSS instruments. Lastly, data were collected and stored in compliance with
definitions contained in the National Statement on Ethical Conduct in Human Research (NHMRC

2007).
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5 RESULTS
5.1 Introduction

Findings in regard to the study settings, patient outcomes and nurse outcomes are presented in
this Chapter. Study settings are compared on physical structures, clinical and operational
processes, and patient casemix attributes. Patient clinical and demographic characteristics are
then compared, followed by testing for data assumptions and correlation analysis before
comparing measured outcomes. Nurse sample results for professional, work and demographic
characteristics are then presented, followed by results for factor analysis and analysis of

variance of outcomes, as measured by PES-NWI and MBI-HSS instruments.

5.2 ICU hot-floor and conventional ICU settings

The two tertiary adult ICUs, ICUA and ICUB, selected to represent an ICU hot-floor and a
conventional ICU respectively, were compared on service level features, processes, casemix and
workforce characteristics as defined in Chapter 4 (see Table 4.1). Where data were available,

the sample units were compared to tertiary adult ICUs nationally.

5.2.1 Structure, Process and Casemix

Multiple service level characteristics were matched in both units (see Appendix 16). Nationally
in 2014, 8.0% of 31 tertiary adult ICUs were organised as a hot-floor structure. Clinical specialties
were similar although the ICU hot-floor provided a liver transplant service. While liver
transplants require complex surgery and recovery of systemic organ failure during the post-
operative period, this service was not considered a potential confounder as increasingly patients
undergoing complex surgery have multiple comorbidities requiring equivalent levels of
postoperative clinical management typical of tertiary level ICUs. Similar hospital wide clinical

support services were provided by both study ICUs.

Overall, the bed capacity for both units (General ICU only) was similar although bed capacity in
the conventional ICU was statistically lower than the mean bed capacity in GICUs nationally by

2.13 beds (t 30) = - 3.27, p = 0.03; 95% Cl — 3.50 to — 0.80) (see Table 5.1).
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Table 5.1 Unit capacities, activity and mortality

Source Statistics
. B . 1,2 0,
Attribute Unit National o D % 95% Cl
n(x) H Lower  Upper
ICUA 17 17 198 884 120 150
GICU Beds CUB 15 (12-26) 327 % 03 350 080
ICUA 48 23 17.19 0.00 2240 2840
Total Beds CUB 15  (8-48 510 % 000  -1057  -454
. ICUA 1417 1.01 32 9713 28643
Annual Admissions ICUB 937 1322 _410 522.84 000 57713 -193.58
Annual Volume Per  ICUA  (83) 74 3.22 2167 .003 320 2050
Bed ICUB  (62) 217 O 038 21640 -050
ICUA  (1.03) 9.54 000 1610 24.90
Annual Occupancy —cyg 76 8 304 M0 005 q090 213
ICUA (79) 646 523 237 456
Annual SMR ICUB  (76) 78 21 O o a0 s

Notes: 1. (ANZICS CORE 2014b)
2. ANZICS APD Dataset (2013)
3. a=<0.05

The difference in beds in the conventional ICU was within one standard deviation and was
therefore not considered to be clinically significant or an influential confounder. Reflecting the
typically larger capacity of the hot-floor model, total bed capacity for the ICU hot-floor was
significantly higher than the national mean total of 25 beds (t 30)=17.19, p = 0.00; 95% Cl 22.40
to 28.40). Conversely, the conventional ICU had statistically significantly lower total bed capacity
by -7 (t (30) = -5.10, p = 0.00; 95% CI -10.57 to -4.54) consistent with the smaller capacity, stand-

alone traditional ICU model.

The ICU hot-floor managed a considerably higher demand in terms of patient admissions and
volume, and average unit occupancy. The national mean admission rate was also significantly
higher than that of the conventional ICU, which had 385 patients fewer in 2013 (t 30)=- 4.10, p
=0.000; 95% Cl — 577.13 to — 193.58). Patient volume per bed annually was significantly higher
in the ICU hot-floor by 12 patients (t 30 = 3.22, p = 0.003; 95% CI 4.60 to 20.50) and significantly
lower in the conventional ICU by 9 patients (t 30)=-2.17, p = 0.038; 95% Cl -16.40 to - 0.50) when
compared to the national average. Similarly, mean ICU occupancy was significantly higher in the
ICU hot-floor by 20% (t (30) = 9.54, p = 0.000; 95% CI 16.10 to 24.90) and significantly lower in
ICUB by 7% (t (30) = -3.04, p = 0.005; 95% Cl -10.90 to -2.13).
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Access to beds, a summative quality management measure reported by ICUs nationally,
indicated that 2.2% of patients were not admitted due to inadequate resources (ACHS 2014).
Rates in both the ICU hot-floor and conventional ICU were lower than the reported national
average at 0.6% and 0.7% respectively. Admission profiles for both units were also comparable

and similar to the national ICU population in nearly all attributes (see Table 5.2).

Table 5.2 Patient admissions

Attribute Ugit Nat::? nel P

Elective Admissions :ggg g? 30 3:131

Admission Source OT :ggg g; 33 182

Admission Source Emergency :ggg gg 27 g?j
Admission Source Internal :ggg ;g 31 8?2
Admission Source External :ggg 12 10 822
Invasively Ventilated on Admission :ggg gg 42 ggg
Gender :ggg gg 39 22?)

Notes: 1.a=<0.05
2. Exact test significance (1-tailed)

The proportion of invasively ventilated patients admitted to the conventional ICU was 59%;
substantially higher than the ICU hot-floor at 39%, and statistically higher than tertiary ICUs
nationally at 42% (p = 0.000, 1-sided). The impact of this finding is considered further in relation
to severity of illness measures to evaluate the potential confounding influence of this attribute
in the conventional ICU. Comparison of patient casemix demonstrated that for the conventional
ICU, median severity of illness was statistically significantly higher than the national population
(APACHE llII-J score; z = 3.53, p = 0.000; SAPS II; z = 8.10, p = 0.000) (see Table 5.3). However,
differences were minimal, within one standard deviation of APACHE IlI-J (SD + 4.31) and SAPS I
(SD + 2.67), reflecting no clinical significance. For the ICU hot-floor, median length of stay (LOS)
was statistically significantly higher than the national population by 9.8 hours. (M = 73.50; z =
4.41, p = 0.000), but was also within one standard deviation (SD + 12.7) of the population

suggesting limited variance.
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Table 5.3 Patient casemix

Unit ANZICS

Attribute Median Median z o
o ) B wo 9O it
APACHE Ili-J :gﬂg g;gg 56.93 ;22 %Z%
swes B wm P w
Stos)  gp me O s

Notes: 1.0=<0.05
2. Asymptotic Sig. (2-sided test)

5.3 Workforce

Workforce structures were similar in both units and unchanged from the 2013 unit profiles
previously described in Table 2.4. (see Appendix 17). A snapshot of workforce characteristics per
position type, taken in May 2014 (see Appendix 18), revealed the conventional ICU had
significantly more RN years three-four (35.0% vs. 29.2%, x*>= 3.81, p < 0.001), while the ICU hot-
floor had significantly more RNs years one-two (36.2% vs. 19.4%, x* = -6.47, p < 0.001). In
contrast, the ICU hot-floor had a lower proportion of nursing management (11.0% vs. 16.0%)
and educator positions (1.25% vs. 3.70%) (summary data aggregated at the unit were available
and not tested statistically). Similarly, a lower proportion of nurses held an ICU qualification
(43% vs. 49%); with both ICUs being slightly lower than the national average of 51%. Shift staffing

of clinical bedside nurses during business hours and after-hours was also comparable.

Workforce establishments, compared between units on a quarterly basis throughout the
retrospective patient study (1 January 2013 to 31 December 2013) and the prospective nurse
survey (1 April 2014 to 30 June 2014) were stable for the duration of this research (see Appendix
19). The medical staff FTE per bed was lower in the ICU hot-floor (1.1/bed vs. 2.3/bed) and below
the national average (1.5 FTE/bed). Dedicated pharmacist FTE was also lower (0.35 vs. 1.0 FTE)
as was ancillary/orderly support positions (1.35 vs. 3.0 FTE) during business hours and after-

hours.
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5.4 Patients

5.4.1 Demographic and clinical characteristics

Patients in the two sites were equivalent for age, gender, severity of illness (APACHE lll-)),
smoking status and admission type (planned vs. unplanned) (see Table 5.4). The ICU hot-floor
had a higher proportion of patients identifying as ATSI (3.8% vs. 0%, x*>= 17.38; p = 0.000) and
admissions from external hospital transfers (5.2% vs. 0%, x>= 26.7; p = 0.000). The median LoS
was also significantly higher (M = 74 vs. 58.5 hours, z = -2.55, p = 0.011). Overall, ICU origin had
a small influence on these three unit level variables (r = 0.08 to 0.163).! Conversely, patients in
the conventional ICU had a significantly higher SAPSII score (M = 37 vs. 34, z =-5.88, p = 0.000)
and more were admitted from OT (47% vs. 37%, x>= 9.85; p = 0.002), with ICU origin having a
small influence (r = 0.099 to 0.19). The higher proportion of invasively ventilated patients in the
sample (59% vs. 38.6%, x*>= 129.6; p = 0.000) was also higher than the national tertiary ICU adult
population (59% vs. 42%, p = 0.000, 1-sided), with ICU origin having moderate influence (r =
0.31).

Correlation analysis confirmed that similar relationships existed between age and APACHE IlI-J,
and SAPS Il scores (see Appendix 20). Conversely, a significant difference in the strength of the
correlations between Age vs. LoS (z = 2.08; two tail p = 0.038), APACHE IlI-) vs. LoS (z = 6.00; two
tail p = 0.00) and SAPSII vs. LoS (z = 6.81; two tail p = 0.00) was evident in each unit. Overall
patient samples and study settings were matched on multiple factors, and any potential

confounding on patient outcomes was considered limited.

1 Phi coefficient effect size ranges from 0 to 1 with higher values indicating a stronger association between
two variables and the effect size was rated using Cohen’s (1998) criteria of .10 for small effect, .30 for
medium effect and .50 for large effect.

101



Table 5.4 Patient sample characteristics

Mann-Whitney U Pearson Chi-Square
n % Median IQR Range Z as r4 X2 (df 1) 2 a? r4
Age ICUA! 59.95 26.97 15.20 - 103.3
(yrs) |CUB? 62.00 25.85 15.90 - 91.40 -879 380 0.03
Gender ICUA 210 42 701 403 .029
(Female) ICUB 196 39.2
ICUA 57.00 32.75 7.00-172.0
APACHE l1-J ICUB 58.00 45.00 11.00 -199.00 -.934 .350 0.03
ICUA 34.00 19.00 2.00 - 83.00
SAPSII ICUB 3700 2400 2.00-107.00 -5.88 000 0.19
Planned Admission ICUA 142 28.4 .080 778 -011
ICUB 137 274
OT admission ICUA 186 37.2 9.857 .002 .099
ICUB 235 47.0
. ICUA 145 29.0 3.217 .073 -.057
ol ED admission ICUB 120 240
3 ICUA 143 28.6 .0207 .889 .889
w
Int. transfer ICUB 145 290
ICUA 26 5.2 26.697 .000 -.163
Ext. transfer ICUB 0 0
Ventilated ICUA 193 38.6 129.56 .000 313
(Invasive) ICUB 295 59.0
LoS ICUA 74.00 79.00 0-1460
(hours.) ICUB 58.50 100.00 1.0-918 2.5 o1 0.8
ICUA 19 3.8 17.38 .000 -139
ATSI ICUB 0 0
Never smoked ICUA 96 40.0% .350 .986 .027
ICUB 107 60.0
Notes:

1. n =500 patients
2.Yates continuity correction

3. a =<0.05, Asymptotic Significance (2 sided)

4. r = Phi coefficient

5. Valid % of responses excluding missing data (i.e. ICUA 240/500 (responses) then 96/240 = 0.4)
6. Valid % of responses excluding missing data (i.e. ICUB 251/500 (responses) then 107/251 = 0.426)
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5.4.2 Patient outcomes

No differences were evident for three adverse patient events: 1) unplanned extubation (3.2%
vs. 2.6%, x* = 0.142; p = 0.706); 2) hospital acquired infection (CLABSI) (1.0% vs. 0.8%, x*= 0.00;
p = 1.00); and 3) rate of pressure ulcers (16.2% vs. 13.8%, x?>= 0.949; p =0.330). Unplanned
readmission rates were also similar (1.8%% vs. 3.0%, x?>= 1.07; p = 0.302) (see Table 5.5).

Table 5.5 Patient outcomes results

Variable n (%) Pearson Chi-Square

ICUA ICUB ' df a2 r+
Unplanned Extubation T\lis 4;2 8622) 4;:; 2376)4) 1421 706 -.018
CLABSI T\leos 4955((28?0) 4946(2\52?2) 000 1 1.00 -.011
Elrsjrs " T\lecf 48119((18%.282) 463?1 ((18%?2)) 9491330 ~034
R A
oo e

Yes 97 (19.4) 150 (30.0) 145

After Hours Discharge 1 .000 123

No 403 (80.6) 350 (70.0) 4

Delayed Discharge Yes 319(71.0) 281 (62.7)
>6hours No 130 (29.0) 167 (37.3) 664 1 010 088
Unplanned Yes 9(1.8) 15 (3.0)
Readmission<72 No 491(98.2) 485(97.00 1.07 1 .302 .039
hours
Notes: 1. Yates continuity correction

2.0=<0.05

3. Asymp. Sig (2 sided)
4. r = phi coefficient

Compliance with evidenced based protocols was evaluated by the rate of Venous
Thromboembolism Prophylaxis (VTEP) provided to patients, recognised as a key determinant of
patients developing a deep vein thrombosis where not contraindicated. Compliance was
significantly lower in the ICU hot-floor (86.8% vs.97.8%, x>= 41.03; p = 0.000), with ICU origin

having low to medium influence (r = 0.206).
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After-hours discharge, associated with greater risk of an adverse event, was significantly higher
for conventional ICU patients (30.0% vs. 19.4%, x* = 14.54; p = 0.000), with ICU origin having a
small influence (r = 0.123). In contrast, patients in the ICU hot-floor had a significantly higher
rate of discharge delay (greater than 6 hours) (71.0% vs. 62.7%, x*= 6.64; p = 0.010), with ICU

origin having a similarly small degree of influence (r = -0.08).

Patient LoS, previously used to compare study settings, is routinely used as an outcome
measure. The ICU hot-floor LoS was significantly higher (M = 74 hours. vs. 58.5 hours., z =-2.55,
p = 0.011), and again the influence of ICU origin was negligible (r = 0.08).

Lastly, in regard to unit volume results, shown previoulsy in Table 5.1, confirmed the hot-floor
had a significntly higher annual patient volume per bed and higher mean unit occupancy, than
the conventional ICU and national average. However, no significant difference in crude mortality
was evident between the two units (10.2% vs. 10.4%, x?>= 0.00; p = 1.00). Similarly, the annual
SMR for each unit were approximately equal (SMR = 0.79 hot-floor vs. 0.76 conventional ICU)

and close to the national average (SMR = 0.78), despite the higher activity in the ICU hot-floor.

5.5 Nursing staff

5.5.1 Demographic and work characteristics

In total, 145 nurses participated in the study; 82 and 63 for the hot-floor and conventional ICUs,
respectively. Four questionnaires were incomplete and not included. Response rates were 73%
and 75% respectively, exceeding the estimated sample size required. Nurse characteristics were

matched on gender and qualification levels (see Table 5.6).

Overall, 78.6% of the sample was female. The proportion of males in both units (24.4% ICU hot-
floor vs. 17.5% conventional ICU) was higher than overall state and national averages, 12% and
15% respectively, reflecting the higher number of males known to work in critical care specialties

(AIHW 2013, 2014).

104



Table 5.6 Nurse demographic characteristics

Statistic
Characteristic Variable ICUA IcUB
n % n % X' df a?3 r4
Female 62 75.6 52 82.5
Gender Male 20 044 1 175 0.65 1 421220
20-24 7 8.5 14 22.2
25-29 36 439 22 349
30-34 13 15.9 10 15.9
35-39 7 8.5 4 6.3 .
Age (years) 40— 44 1 13.4 8 12.7 7.14 7 414 053
45-49 5 6.1 4 6.3
50 -54 2 2.4 0 0.0
55-59 1 1.2 1 1.6
. Yes 46 56.1 32 50.8
ICU Qualified No 36 439 31 492 0.22 1 .641  .053
Highest Undergraduate 33 40.2 32 50.8
Nursing Postgraduate 34 415 23 36.5 1.81° 2 405 112
Qualification Masters 15 18.3 8 12.7
Highest Non- Nil 43 52.4 34 54.0

Undergraduate 28 34.1 22 34.9

gﬂ;ﬁi‘ﬁgation Postgraduate 6 73 4 63 o019 3 .90 036
Masters 5 6.1 3 4.8

Notes: 1. Yates continuity correction
2.0=<0.05

3. Asymptotic significance (2 sided)
4. Phi coefficient
5. Pearson Chi-square

Age distribution was the same in each ICU and skewed to the right with the bulk of nurses in the

20 to 39 year range (see Figure 5.1).

ICU Hot-floor Conventional ICU

Frequency
Frequency

m“f
T T T T T y v
oo 2.00 4.0 500 10.00

o 6.00 k X 4.00 6.00
Age_Yrs Age_YTs

Figure 5.1 Patient age distributions

Nurse factors were matched on years of clinical and specialist intensive care experience, and the

proportion of staff working full time (see Table 5.7).
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Table 5.7 Nurse work factors

Work Variable ICUA ICUB Statistic
Factor n % n % ' df a2 r4
Job RN 69 841 42 66.7
Title CNS 13 159 21 234 OB 1 014205
<1 1 12 4 63
1t02 9 10 5 79
Years Worked 3tob 32 390 20 317
as an RN 6010 17 207 20 317 665 6 354 214
11to15 11 134 6 95
16 to 20 5 6.1 5 79
> 20 7 85 3 48
<1 13 159 14 222
1t02 19 232 10 15.9
Years Worked 3tob 16 195 14 222
as an RN in ICU 6to 10 18 20 14 222 9725 6 159 253
11to15 11 134 6 95
16 to 20 1 12 5 79
> 20 4 49 0 00
<1 16 195 16 245
1t02 22 26.8 10 15.9
Years Worked 3to5 18 220 22 349
as an RN in This 6to 10 18 20 9 143 6605 6 252 213
ICU 11to15 7 85 6 95
16 to 20 1 12 0 00
> 20 0.0 00 0 0.0
Employment Full Time 72 87.8 57 905
Status Part Time 10 122 6 95 006 1 809 -042
Shift 12-hour 47 57.3 20 317
Pattern Mixed (8810) 35 427 43 g3 oo/ 1 004 025
Never 9 1.0 15 238
Frequency Rarely 42 512 7 1141
Redeployed Occasionally 25 305 31 492 263° 4 000 425
From ICU Frequently 5 6.1 9 143
Very Frequently 1 1.2 1 1.6
Paid Overtime Nil 59 720 62 984
Worked Yes 23 280 1 16 02 1 000 353
Unpaid Overtime Nil 52 634 39 61.9
Worked Yes 0 366 24 381 000 180015
Notes: 1. Yates continuity correction 4. Phi coefficient
2.0=<0.05 5. Pearson Chi-square

3. Asymptotic significance (2 sided)

More Clinical Nurse Specialists (CNS) (defined as RNs with relevant post-registration
qualifications and at least 3 years experience working in the clinical area of their specified post-
graduate qualification) worked in the conventional ICU (23.4% vs. 15.9%, x*1 = 5.13; p = 0.014).

Nurses were also more likely to be redeployed out of ICU on a shift-by-shift basis with a
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significantly higher number of responses indicating occasional and frequent redeployment (x%
=26.25; p = 0.000), with ICU origin having a medium to strong influence (r = 0.425). Conversely,
the proportion of nurses working ‘Paid Overtime in the Last Week’ was 22% higher in the ICU
hot-floor (28%. vs. 6%, x%1 = 16.20; p = 0.000; r = - 0.353), with ICU origin having a medium level

of influence.

5.5.2 Nurse outcomes

Nurse perceptions of local management factors and job satisfaction did not differ significantly
between the units (see Table 5.8). Nurses in the ICU hot-floor did however rate multiple factors
consistently lower, including roster flexibility (poor = 12.2% vs. 6.3%), clinical supervision (fair =
19.5% vs. 9.5%), and access to a clinical educator (fair = 17.12% vs. 11.1%). Differences were
compounded by higher demand on bedside nurses in the ICU hot-floor to mentor colleagues

(very frequently = 6.1% vs. 0.0%) and provide clinical advice (very frequently = 40.2% vs. 22.0%).

Quality of care, occupational health and safety (OHS) and social cohesion were perceived equally
high in both units. Overall positive nurse perceptions were also reflected in high job satisfaction,
satisfaction with nursing and low intention to leave rates. While these findings may not infer
causality, they do inform interpretation of the results from PES-NWI and MBI ICU nurse survey

sections.

Overall, no significant differences were found on a range of demographic and work
characteristics, and in relation to work perceptions when explored between groups. The
influence of nurse characteristics on perceptions was analysed according to a within groups
analysis model (see Appendix 21). Significant factors were similarly reflected within each group
(see Appendix 22). Typically, senior nurses provided clinical support to junior nurses. Senior
nurses and part-time staff rated quality of care higher. Unpaid overtime decreased job
satisfaction, while overall satisfaction with nursing was higher in full time staff. These findings
further support the underlying assumption that nurse samples were closely matched, informing

the interpretation of outcomes measured by PES-NWI and MBI sections of the ICU nurse survey.
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Table 5.8 Work perceptions

Work Variable ICUA ICUB Pearson Chi-square
Perception n % n % X dfi a2 rs
Poor 10 12.2 4 6.3
Roster Fair 18 220 18 286
Flexibilty Good 2 512 3 571 0% 3323 A8
Excellent 12 14.6 5 79
Poor 0 0.0 0 0.0
Fair 14 17.1 7 11.1
CNE Access Good 83 504 32 508 1.50 2 373 102
Excellent 25 305 24 3841
Poor 0 0.0 0 0.0
Level of Fair 16 19.5 6 95
Supervision Good 54 659 44 698 347 2 205 148
Excellent 12 146 13 206
Never 29 354 24 381
Required Rarely 18 20 22 349
to Mentor Occasionally 20 244 10 159 740 4 118 225
Nurses Frequently 10 12.2 7 111
Very frequently 5 6.1 0 0.0
Never 5 6.1 7 111
Required to Rarely 10 12.2 3 48
Provide Occasionally 12 146 11 17.5 4.02 4 403 167
Clinical Advice ~ Frequently 22 268 20 317
Very frequently 33 402 22 349
Worked < 1 year 12 14.6 8 12.7
Quality of Care  Deteriorated 11 134 5 79
inPastYear  Remained Same 38 463 28 444 2143 MY
Improved 21 256 22 349
Poor 0 0.0 0 0.0
Quality of Care  Fair 2 24 1 1.6
Last Shif Good 55 671 32 508 490 3 108 AT
Excellent 25 305 30 476
Poor 1 1.2 0 0.0
Fair 16 19.5 7 11.1
OHS Good 51 622 45 714 282 3 42199
Excellent 14 17.1 11 17.5
Poor 3 3.7 6 95
Social Fair 18 20 19 302
Cohesion Good 44 537 30 476 403212176
Excellent 17 20.7 8 12.7
Resign <12 No 57 695 52 825
Months Yes 25 305 11 175 2% 1108149
Intend to No 68 829 5 889
MovelCUs Yes 14 74 7 1qq 0600 1 49 08
Job Very Dissatisfied 4 4.9 0 0.0
! . Little Dissatisfied 1 13.4 7 111
Satisfaction 1o ferately Satisfied 46 561 37 g7 o4 3 316 156
Very Satisfied 21 25.6 19 30.2
Very Dissatisfied 2 24 0 0.0
Satisfaction Little Dissatisfied 3 3.7 4 6.3
with Nursing Moderately Satisfied 45 549 30 476 290 3 415 140
Very Satisfied 32 390 29  46.0
Notes: 1.a=<0.05 3. r=phi coefficient

2. Asymptotic Significance (2 sided)

4. Yates Continuity Correction
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Mean and median subscale scores of PES-NWI domains are summarised in Table 5.9.

Table 5.9 PES-NWI subscale scores

Subscale Unit Mean' (SD)  Median Min  Max? 95% ClI

Nurse participation in hospital ICUA 2.8(0.47) 2.9 1.7 4.0 27-29
affairs ICUB 2.9 (0.53) 29 2.7 3.9 27-30
Nursing foundations for quality ICUA 2.9(0.44) 2.9 1.9 4.0 29-30
of care ICUB 3.1(0.41) 3.0 2.1 3.9 3.0-32
Nurse Manager ability, ICUA 2.8 (0.55) 2.8 1.4 4.0 27-30
leadership and support ICUB 3.1(0.50) 3.2 1.6 4.0 3.0-3.2
Staffing and resource adequacy ~ ICUA 2.8 (0.53) 2.8 1.5 4.0 2.7-30
ICUB 3.0 (0.57) 3.0 1.8 4.0 2.8-3.1

Collegial Nurse-Physician ICUA 3.1(0.52) 3.0 1.7 4.0 3.0-32
Relations ICUB 3.1(0.44) 3.0 1.7 4.0 3.0-32

Notes: 1. Scores above 2.5 indicate agreement that the item is present in the workplace
2. Possible range for all subscales 1 to 4

All subscales scored positively above 2.5 in both units with validity evident in the narrow
confidence intervals (Lake & Friese 2006). Nurses in the conventional ICU rated the work
environment more positively on four subscales with the ‘Collegial Nurse-Physician Relations’

subscale rated equally in both units.

Nurse burnout was initially assessed by MBI subscale categorisation. High burnout was indicated
by the frequency of high scores for ‘Depersonalisation’ and ‘Emotional Exhaustion’ subscales,

and low scores for the ‘Personal Accomplishment’ subscale.

In the present study, ‘Depersonalisation’ and ‘Emotional Exhaustion’ were scored low by a
majority of nurses from both units while ‘Personal Accomplishment’ rated highly in both groups
reflecting the results of earlier studies (Guntupalli et al. 2014; Zhang et al. 2013) (see Table 5.10).
This suggested a low to moderate degree of burnout in the sample as a whole, though unit

differences were evident (see Figure 5.2).
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Table 5.10 MBI subscale categorisation 2

Subscale ICUA ICUB
N % N %
Low 33 37.8 36 57.1
Depersonalisation (DP) Mod 22 26.8 10 15.9
High 27 35.4 17 27.0
Low 32 39.0 31 49.2
Emotional Exhaustion (EE) Mod 23 28.1 16 254
High 27 32.9 16 254
Low 22 26.8 19 30.2
Personal Accomplishment (PA) Mod 28 34.2 23 36.5
High 32 39.0 21 33.3
60% -
50% &
40%
30% m ICUA
20% ICUB
10%
0%

DP DP DP EE EE EE PA PA PA
Low Mod High Low Mod High Low Mod High

Figure 5.2 MBI subscales score frequencies

A lower level of burnout overall was observed in the conventional ICU with ‘Depersonalisation’
rated low by approximately 20% more nurses and ‘Emotional Exhaustion’ rated as low by
approximately 10%. In contrast, in ICU hot-floor nurses rated their level of ‘Personal

Accomplishment’ higher by a small margin of approximately 6%.

Descriptive results and measures of central tendency for the MBI subscales are summarised in
Table 5.11. Narrow 95% confidence intervals indicate the sample subscale means reflected the

true mean value in the study population.

2 Analysis performed according to the relevant literature (Maslach, Jackson & Leiter 1996b).
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Table 5.11 MBI subscale results

. Mean . . Mean
Subscale Unit N (SD) ! Median ~ Min  Max 95% Cl
Depersonalisation ICUA 82  7.45(4.71 7.0 0.0 19.0 6.42 - 8.50

)
ICUB 63  6.06(4.73) 5.0 00 170 487-726
Emotional Exhaustion ICUA 82  22.28(4.71) 21.50 20 520 19.8-24.8
ICUB 63  19.14(10.1) 19.00 00 450 16.6 -21.7
Personal ICUA 82  34.55(6.40) 36.00 21.0 460 33.1-36.0
Accomplishment ICUB 63  36.14(6.38) 36.00 18.0 470  345-378

Notes: 1. Normative sample scores Mean (SD): DP = 7.12 (5.22), EE = 22.19 (9.53), PA = 36.53
(7.34) (Maslach, Jackson & Leiter 1996a)

Descriptive results for the PES-NWI previously reported in Table 5.9 and those for the MBI,
reported above in Table 5.11, were used to test the psychometric properties of survey
instruments used and validate their selection for this study. The results addressed research
question No. 2 ‘What nurse outcomes are mediated by organisational factors in the work
environment, and which instrument best measures the outcomes in ICU?’ Both PES-NWI and MBI
subscales demonstrated good internal consistency and reliability. Cronbach’s alpha scores for
PES-NWI subscales ranged from 0.74 to 0.83 with an overall score of 0.92, while MBI scores
ranged from 0.62 to 0.91 and 0.76 overall (see Table 5.12).

Table 5.12 Cronbach’s alpha scores

Subscale a
Participation in Hospital Affairs 0.83
Nursing Foundations for Quality of Care 0.75
PES-NWI Nurse Manager Ability, Leadership, and Support of Nurses 0.76
Staffing and Resource Adequacy 0.74
Collegial Nurse- Physician Relations 0.78
Overall PES-NWI 0.92
Depersonalisation (DP) 0.62
MBI Emotional Exhaustion (EE) 0.91
Personal; Accomplishment (PA) 0.69
Overall MBI 0.76

Principal Component Analysis (PCA) coefficients were higher than 0.3 for both scales (see
Appendix 23). The Kaiser-Meyer-Olkin value exceeded 0.859 for PES-NW!I and 0.854 for MBI,

higher than 0.6 with a statistically significant Bartlett’s test of sphericity (p = 0.000), indicating
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both scales were suitable for factor analysis of the correlation matrix. In addition the ratio of
respondents to items was 5:1 for PES-NWI and 7:1 for MBI further supporting suitability for
factor analysis (Tabachnick & Fidell 2013).

The initial PCA confirmed both scales had Eigenvalues greater than one with the five
components of PES-NWI explaining 31.26%, 6.35%, 6.14%, 5.21% and 4.74%, of variance. The
MBI components explained 30.74%, 11.04% and 8.33%. Results indicated five and three factor
models respectively, reinforced by scree plots for each scale (see Appendix 24) (Catell &

Vogelmann 1977).

Confirmatory Factor Analysis (CFA) confirmed the presence of five and three components
respectively, with Eigenvalues exceeding the corresponding criterion values for randomly
generated data matrices of the same size i.e. 30 (PES-NWI) or 22 (MBI) items and 145
respondents.* Varimax rotation also confirmed the five-factor and three-factor structures with
strong factor loading coefficients exceeding 0.3 (see Appendix 25). The total variance explained
by the models was 53.7% and 50.11% for the PES-NWI and MBI, respectively (see Appendix 26),
consistent with an earlier similar study (Klopper et al. 2012). Finally, all major indices generated
with the CFA confirmed that both the five-factor and three-factor models had acceptable fit to
the data (see Appendix 27). Both PES-NWI and MBI demonstrated good reliability and internal
consistency, providing confidence that the organisational practice environment could be

effectively assessed.

Normality assumptions were then tested to confirm the appropriate statistical analysis. On
visual examination, the majority of subscales for the PES-NWI and MBI appeared to be normally
distributed (see Appendix 28). The MBI_PA subscale demonstrated a mild negative skew in the
ICUB group, the significance of which is explored statistically later in this section. Distributions

were peaked and narrow about the mean for both groups across all subscales reflecting a

33.0is minimum and > 0.4 is an important correlation, and if only a few coefficients are above 3.0 then
factor analysis may not be suitable (Poghosyan, Aiken & Sloane 2009; Tabachnick & Fidell 2013).

4 parallel Analysis was performed using the Monte Carlo PCA software
(http://rankingz.org/windows/apps/post/11073/Monte-Carlo-PCA-for-Parallel-Analysis) a standalone
Windows program that computes Parallel Analysis criteria (eigenvalues) to determine the number of
factors to retain in a factor analysis (Rosenthal 2000; Watkins 2000)
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‘mesokurtic’ pattern and suggesting a high level of agreement and good representation of the
nurse population studied. Boxplots revealed both samples were relatively homogenous across
all subscales with only a small number of non-extreme outliers that fell within range of the
original data set. The PES-NWI ‘Collegial Nurse-Physician Relations’ subscale displayed several
extreme outliers indicating lesser agreement on the presence of this characteristic in the

practice environments of both units.

Normality assumption statistical tests however produced some inconsistent results (see
Appendix 29). Subscale histograms, assessment of the 5% trimmed mean, evaluation of
skewness, kurtosis and Normal Q-Q Plots confirmed approximate symmetry in four out of five
PES-NWI subscales and two of three MBI subscales. The PES-NWI ‘Collegial Nurse-Physician
Relations’ and MBI ‘Depersonalisation’ subscales were moderately skewed in both groups,
confirmed by significant kurtosis, Kolmogorov-Smirnov and Shapiro-Wilk values. However,
sample means and medians were approximately equivalent and small standard deviations in all
subscales indicated the degree of asymmetry was negligible. Furthermore, the skewness z
statistic indicated an approximately symmetrical distribution, and the assumption of

approximate normality was therefore upheld, enabling parametric analysis to proceed.

5.5.3 Outcome and work environment associations

Moderately strong positive linear correlations between all PES-NWI subscales and two of three
MBI subscales were confirmed by scatterplots and corresponding correlation coefficients (see
Appendix 30).° The depersonalisation and emotional exhaustion subscales had weak negative
correlations with the personal accomplishment subscale suggesting that as depersonalisation
increased the level of emotional exhaustion increased while the sense of personal
accomplishment decreased, predisposing nurses to burnout. In both groups of nurses a
moderate negative correlation was evident between PES-NWI subscales and MBI

depersonalisation and emotional exhaustion subscales, suggesting that as the practice

5 Strength of the correlation was ranked according to a scale of small (r= 0.10 to 0.29), moderate (r= 0.30
to 0.49) and strong (r= 0.50 to 1.0) (Pallant 2013; Tabachnick & Fidell 2013)
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environment improves the level of burnout decreases. Similarly, correlation coefficients

suggested that increased personal accomplishment’ reduced factors associated with burnout.

The presence of an able nurse manager that provided strong leadership and support had a
moderate negative correlation with lower levels of emotional exhaustion in the ICU hot-floor
and depersonalisation in the conventional ICU. A similar relationship was also found between
staffing and resource adequacy and levels of emotional exhaustion in both units, and the sense
of depersonalisation’ in the conventional ICU. A moderate negative correlation between
collegial nurse-physician relations and emotional exhaustion was evident in both nursing groups.
In the ICU hot-floor better collegial nurse-physician relations was also correlated with reduced
depersonalisation. In both nurse groups, a higher level of personal accomplishment was

positively correlated with better collegial nurse-physician relations.

Dispersion of variables in scatterplots for PES-NW!I subscales indicated strong internal construct
validity, while broader dispersion observed in MBI subscales suggests weaker construct validity,
except between depersonalisation and emotional exhaustion subscales. Overall, the shape and
distribution of correlated subscale pairs confirmed homoscedasticity. The correlation
coefficients for PES-NWI and MBI subscales were significant in over 70% of tests in both groups
suggesting the presence of primarily moderate strength relationships between subscales.
Coefficient z-scores confirmed that PES-NWI and MBI subscales explained similar variation and

direction of the relationships for both groups (see Appendix 31).

Underlying general assumptions regarding appropriate level of measurement, independence of
observations, normal distribution and homogeneity of variance were previously established.
This permitted an independent t-test to compare mean PES-NWI and MBI subscale scores

between the two groups of nurses (see Table 5.13).

Results confirmed variances were equal in both groups. A significant difference was observed in
the mean PES-NW!I nurse manager ability, leadership and support of nurses subscale which
scored lower in the ICU hot-floor (x = 2.83, SD = 0.56) than the conventional ICU (x = 3.10, SD =
0.50; t143 = - 3.03, p = 0.003, two-tailed). The magnitude of the difference in means (mean
difference =-0.27, 95% Cl: -0.45 to -0.094) was moderate (eta squared = 0.06) (Cohen 1998).
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Table 5.13 Comparison of mean scores for PES-NWI and MBI subscales

Levene's Test t-test for Equality of Means'
Sig.? Mean Std. Error L W9r5%%l "
F Sig.2 t df Difference  Difference owe ppe

PES_PAR 143 234 -303 143  .763 -.025 .083 -.189 139
PES_FOU 117 732 149 143 137 -107 071 -247  -034
PES_MAN 332 565 -3.03 143  .003 =27 .089 -447  -.094
PES_.RES 189 171 -140 143 165 -129 .092 -.311 -.053
PES_COL 199  .161 068 143 946 .006 .081 .055 166
MBI_DP 027 870 176 143  .081 280 158 .035 590
MBI_EE 927 337 173 143 086 .349 201 .049 47
MBI_PA 817 368  -147 143 144 -.199 136 -467  -.069
Notes: 1. Equal variances assumed.

2.0=<0.05

3. 2-tailed

Notably, ‘Nurse Manager Ability, Leadership and Support of Nurses’ accounted for 60% of
variance in the practice environment in both sites. No statistical difference between ICU nurse
groups was observed in relation to other organisationally mediated practice environment

factors or burnout.

To understand if nurse characteristics and work factors mediated the association between the
ICU organisational work environment and nurse outcomes multivariate analysis (MANOVA) was
conducted following confirmation of multivariate normality by assessment of Mahalanobis
distances (see Appendix 32). Significant results from separate MANOVA tests for PES-NWI and
MBI, stratified by demographic and work factors, are reported in Table 5.14 (see Appendix 33

for complete results and accompanying explanation note 1).

Significant differences were identified between ICU nurse groups on six demographic and work
factors. To determine the affected subscale, univariate analysis was performed through two-

way ANOVA with Tukey’s post-hoc tests where appropriate (see Appendix 34).

The level of non-nursing qualification influenced PES-NW!I between units at the composite level
(F [15,405] =1.74, p = 0.041; Pillai’s Trace = 0.182, partial eta squared = 0.061). However, no

univariate subscale was found to be significantly different between groups.
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Table 5.14 Significant results following MANOVA

Multivariate Univariate
Wilk’s Lambda Pillai’s Trace Between-Subjects Effects

Instrument F Sig F Sig. EPtgrtslzll Subscale F  Sig. EPtirtslzll
Highest Non- PES-NWI 1.74 041  .061
Nursing Qual. MBI
Level of PES-NWI
Supervision MBI 3.17 .005 065 MBI_PA 403 .020 .055
Quality of Care in ~ PES-NWI 1.88 .032 .063 PES_PAR 435 .006 .087
Past Year MBI
OHS PES-NWI

MBI 227 .037 .047 MBI_DP 299 .054'" .041

Resign < 12 PES-NWI
months MBI 272 047 055 MBI_DP 5.85 .017 .040
Satisfaction with PES-NWI 210 .025 .072 PES_PAR 426 .016 .058
Nursing MBI

1. Close to significance within the significant multivariate model

The only variable of note, and close to significance, was the collegial nurse-doctor relations
subscale - nurses with a Master level non-nursing qualification in the ICU hot-floor rated the
level of collegiality substantially higher (x = 3.13, SD = 0.22, Cl 95% 2.71 — 3.56) than nurses in
the conventional ICU (x =2.80, SD =0.28, 95% Cl 2.23 —3.33), (F[3,145] = 2.50, p = 0.062; partial
eta squared = 0.052). This factor was excluded from further analysis due to no statistical

significance.

Composite MBI results indicated a statistically significant difference in intent to resign within 12-
months (F [3,139] = 2.72, p = 0.047; Pillai’s Trace = 0.055; partial eta squared = 0.06). Nurses in
the conventional ICU who intended to resign reported a higher level of burnout due to
depersonalisation (x = 1.86, SD = 1.18) than those in ICUA (x=1.39, SD=0.75), (F [1,141] = 5.85,
p = 0.017), with ICU origin having a small influence reflected by 4.0% of variance in
depersonalisation being associated with intent to resign within 12-months (partial eta squared
=0.04). Due to this variable having only two response levels, ‘Yes’ or ‘No’, it was not suitable for
Tukey’s post hoc analysis (Field 2013). The remaining four variables with a significant association
with the composite scores for PES-NWI or MBI had three or more levels permitting follow-up

analysis.

Perceived level of supervision in relation to composite MBI were significantly different between
units (F [6,274] = 3.17, p = 0.005; Wilks’ Lambda = 0.875; partial eta squared = 0.07). Univariate
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analysis revealed that personal accomplishment was lower in the ICU hot-floor when associated
with the level of clinical supervision they received (x = 4.32, SD = 0.82), when compared to the
conventional ICU (x =4.52, SD = 0.80), (F[2,139] = 4.03, p = 0.020), with ICU origin having a small
influence as reflected by 6.0% of variance in personal accomplishment being associated with
level of supervision (partial eta squared = 0.06). For two-way ANOVA, participants were divided
into three groups according to their clinical supervision rating (Group 1: Fair; Group 2: Good;
and Group 3: Excellent). The interaction between ICU site and clinical supervision rating was
statistically significant (F [2,139] = 4.03, p = 0.02) along with the main effect for level of
supervision (F [2,139] = 8.20, p = 0.00). Post hoc testing indicated that the mean MBI_PA score
for the fair rating group (X = 4.0, SD = 0.95) was significantly lower (p =0.002) than the excellent
rating group (x = 4.80, SD = 0.74). The main effect for ICU site (F [1,139] = 0.159, p = 0.691) was
however not significant, inferring that personal accomplishment and level of clinical supervision

were associated, but the ICU nurses’ workplace was not a significant influence.

Nurse-rated quality of care in the past year measured by the composite PES-NWI was
significantly different between groups (F [15,405] = 1.80, p = 0.032; Pillai’s Trace = 0.188; partial
eta squared = 0.06). Univariate analysis revealed that nurse participation in hospital affairs was
associated with nurses’ quality of care ratings (F [3,137] = 4.35, p = 0.006), with ICU origin having
a smallinfluence (partial eta squared = 0.09). Those nurses in the conventional ICU who believed
the quality of care had deteriorated reported a lower level of participation in hospital affairs (x
= 1.87, SD = 0.17) than nurses in the ICU hot-floor (x = 2.56, SD = 0.29), again with ICU origin
having a small influence as reflected by 9.0% variance in participation being associated with
quality of care. The two-way ANOVA divided participants into four groups according to their
quality of care rating; 1) worked < 1 year; 2) deteriorated; 3) remained the same; and 4)
improved. The interaction between ICU site and quality of care rating was statistically significant
(F[3,137] =4.35, p = 0.06) and there was a statistically significant main effect for quality of care
(F[2,137]=17.12, p=0.00), with ICU origin having moderate influence (partial eta squared 0.27).
Post hoc test results indicated that the mean PES-NWI participation score (X = 2.34, SD = 0.42)
in the group that thought quality of care had deteriorated was significantly lower (p = 0.000)
than the group rating an improvement in quality of care (X = 3.03, SD = 0.51). The main effect of
ICU site did not reach statistical significance (F [1,137] = 2.89, p = 0.092) inferring that nurse
participation in hospital affairs influences quality of care ratings but the ICU in which nurses
worked did not significantly influence the relationship.
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Nurse rated level of occupational health and safety measured by the composite MBI was
significantly different between groups (F [6,274] = 2.27, p = 0.037; Pillai’s Trace = 0.095; partial
eta squared = 0.05). Univariate analysis revealed that depersonalisation was associated with
levels of occupational health and safety (F [2,138] = 2.99, p = 0.054). Though not statistically
significant the p-value was very close to alpha, warranting further exploration. Nurses in the
conventional ICU who believed there to be an excellent level of occupational health and safety
reported lower levels of depersonalisation (x = 0.47, SD = 0.35) than nurses in the ICU hot-floor
(x =1.43, SD = 0.94). Consistent with other significant differences found, ICU origin had a small
influence as reflected by 4.0% variance in depersonalisation being associated with the level of
occupational health and safety (partial eta squared = 0.04). Post hoc tests were not performed

because at least one group had fewer than two cases.

Finally, satisfaction with nursing measured by composite PES-NWI was significantly different
between nurse groups (F [10,270] = 2.10, p = 0.025; Pillai’s Trace = 0.144; partial eta squared =
0.07). Univariate analysis revealed that nurse participation in hospital affairs was associated
with the overall satisfaction with nursing (F [3,138]=4.26, p = 0.016). Those nurses very satisfied
with nursing in the conventional ICU also reported higher participation in hospital affairs (x =
3.15, SD = 0.40) than nurses in the ICU hot-floor (X = 2.91, SD = 0.53). Again ICU origin had a
small influence with 6.0% of variance in participation being associated with the level of
satisfaction with nursing (partial eta squared = 0.06). Also of note were several responses from
the ICU hot-floor indicating they were very dissatisfied with a correspondingly lower level of
participation in hospital affairs (x = 2.17, SD = 0.71) compared to the total mean score for
participation (X = 2.83, SD = 0.47) for all levels of satisfaction. No nurses in the conventional ICU

reported they were very dissatisfied.

The two-way ANOVA divided nurses into four groups according to satisfaction rating; 1) very dissatisfied;
2) a little dissatisfied; 3) moderately satisfied; and 4) very satisfied. The interaction between ICU site and
satisfaction with nursing was statistically significant (F [3,138] = 4.26, p = 0.016, partial eta squared = 0.06)
and there was a statistically significant main effect for satisfaction with nursing (F [3,137] = 7.46, p = 0.00;
partial eta squared 0.14). Post hoc tests indicated the mean PES-NWI participation score for the
moderately satisfied group (X = 2.72, SD = 0.44) was significantly lower than the very satisfied group (x =
3.02,5D=0.49; p =0.001). The main effect for ICU site (F[1,138] = 0.009, p = 0.924) did not reach statistical
significance inferring that nurse participation in hospital affairs is positively associated with satisfaction

with nursing but the ICU in which nurses worked did not significantly influence the relationship.
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6 DISCUSSION

6.1 Introduction

Organisational factors in ICU are considered to have great potential to influence patient
outcomes (Sakr et al. 2015). Studies examining ICU organisational factors have primarily
investigated interventions such as 24-hour Intensivist presence, nurse staffing levels, unit
rounding practices, care bundles, targeted training and closed vs. open models. However, no
investigation of the hot-floor model, a hybrid organisational model that combines both closed

pods of beds and open pods under a single management structure, has been undertaken.

Benefits of the hot-floor model have not been tested and are only assumed to include more
efficient demand management, improved resource utilisation, cost containment and the
creation of a healthy work environment for nurses and patients (AHIA 2014). This study
therefore sought to confirm if the proposed efficiency and effectiveness benefits were realised,
and whether inherent structural characteristics and operational processes had an impact on
outcomes for nurses and patients (Costa & Kahn 2016; Moss et al. 2016a). Confirmation of the
proposed benefits would indicate the hot-floor fulfilled fundamental requirements of a highly
reliable organisational and sustainable model critical care services into the future (Fink 2015;

Reddy & Guzman 2015; van der Sluijs et al. 2017).

Intensive care has evolved within the last five decades as a clinical support specialty with a
distinct organisational model represented by the conventional standalone ICU. Progressive
consolidation of these units has seen the emergence of large capacity hybrid (integrated closed
and open model) hot-floor services. Though considered controversial due to a perceived loss of
triage control (Seppelt 2013), from an organisational perspective the model is considered to
better assure access for surgical sub-specialities with high volume postoperative ICU
requirements and a responsive service for unplanned demand. The shift away from the closed
model of care towards the hybrid ‘mega ICU’ model presents challenges for staffing and
continuity of care (Matlakala, Bezuidenhout & Botha 2014b; Seppelt 2013). Success of the model
relies on proactive planning for structural and workforce changes that support effective
operational flexibility and contingency, and professional collaboration across multiple clinical

specialties on therapeutic management, clinical goals and patient outcomes. Structural
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prerequisites, operational processes and evidence based clinical practices are clearly defined for
conventional ICUs and recognised internationally. The standards provided the basis for
comparison of the different ICU models investigated in this study, which were otherwise

matched on service level characteristics, patient case-mix and clinical workforce structures.

Integrative literature reviews of high quality empirical studies were required to identify
appropriate outcome measures for comparison to address research question one i.e. ‘What
outcome measures, specific to critically ill patients, are mediated by organisational factors?’.
Eight variables encompassing patient outcomes and unit level effectiveness measures were
identified. Pressure injury, CLABSI, unplanned extubation and mortality rates represented
patient outcomes shown to be directly associated with organisational factors (Dodek et al. 2015;
Soares, Kahn, et al. 2015; Timmers, Hulstaert & Leenen 2014). Unit level measures were VTEP
compliance, after-hours discharge, delayed discharge and unplanned readmission, all of which
have been found to be detrimental to patient outcomes and increase the risk of an adverse

event (Frankel & Moss 2014; Gantner et al. 2014; Weissman et al. 2015).

Research question two sought to determine ‘What outcome measures, specific to ICU nurses,
are mediated by organisational factors and what is an appropriate survey instrument? . Twenty-
one nurse outcomes were identified (see Table 3.9) which led to the PES-NWI and MBI-HSS
instruments being selected to assess the work environment (Abbenbroek, Duffield & Elliott
2014b; Stalpers et al. 2015a; Van Bogaert et al. 2017). Both instruments demonstrated strong
psychometric properties in the ICU context, providing evidence to support their use in future

studies.

The outcomes identified for patients and nurses, along with unit level activity measures enabled
evaluation of the hot-floor model compared to the conventional ICU on organisational efficiency
and effectiveness. Research question three addressed the assumption of improved efficiency by
seeking to determine ‘Is the closed (hybrid) hot-floor model capable of improving the
management of intensive care demand?’. Overall, the hot-floor was more efficient in terms of
patient throughput with relatively higher activity, comparable access to beds and reduced
premature patient discharges. However, as a consequence of high patient volume and unit
occupancy, and associated increased staff workload, the clinical work environment may have

exposed patients and nurses to greater risk of experiencing adverse outcomes.
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Research question four prompted the investigation of ‘Do hot-floor patient outcomes differ to
those in a conventional ICU including the patient volume and mortality association?’. Patient
outcomes were not adversely affected though lower rates of VTEP compliance exposed them to
greater risk of deep vein thrombosis and may suggest lower compliance with protocol driven
standardised care more broadly. For nurses, research question five explored if “....the hot-floor
model work environment influenced nurse outcomes?’. Nurses reported lower support and
supervision that could be attributed to lower resourcing of front-line management and
education positions. Associated with this finding were less effective nursing management and a
lower level of personal accomplishment reported by hot-floor nurses. Also notable was that hot-
floor nurses consistently reported less satisfaction with the practice environment and a higher

propensity for burnout.

For the high-risk hot-floor environment to have high organisational reliability a balance between
clinical quality, patient safety and operational contingency is required. The subsequent
operational responsiveness and organisational resilience achieved supports the organisational
goals of the ICU. For the hot-floor this means providing critically ill patients access to high quality
care, despite demand pressures, within a healthy work environment that promotes staff
empowerment and positive outcomes. The following discussion of study findings takes this
interrelationship and the relevant literature into consideration, to determine if the hot-floor
model fulfils HRO requirements. In particular key HRO qualities of operational sensitivity,
organisational resilience, a healthy work environment, clinical safety and appropriate resourcing
are explored. Limitations, particularly relating to patient heterogeneity and strengths of this
study design are the identified to inform the interpretation and generalisability of findings. To
address question six, implications and recommendations are then proposed for health service

policy, planning, management and future research.

6.2 Hot-floor model organisational reliability

High reliability organisations possess features that promote safety including standardised
processes, checklists, operational contingencies, knowledgeable leadership and collaborative
multi-disciplinary teams that openly communicate (Padgett et al. 2017). The purpose of these is
to balance service delivery efficiency with effectiveness to reliably achieve organisational goals,

minimise operational risk, build a safety culture and optimise outcomes (Shabot et al. 2013).

121



These qualities are encapsulated by the holistic patient paradigm of the ICU team which strives
for evidence based best practice that is continually evaluated and tailored for optimal patient
outcomes, while meeting the service delivery goals of the organisation (Christianson et al. 2011).
Both units displayed these qualities but the hot-floor demonstrated superior organisational,
operational and systems integration, fundamental for high performance (Ravitz & Pronovost

2015) though the increased risk of adverse outcomes undermined its organisational reliability.

In relation to demand management this study found that the hot-floor model achieved more
efficient patient throughput across multiple unit level measures. Patient throughput was 50%
higher with no impediment to patient access to an ICU bed evident. Both units had similar access
with an admission refusal rate below 1% comparing favourably with the national rate of 2.2%
and considerably less than refusal rates reported internationally, between 17.6 to 42% (Leung,
Wong & Gomersall 2016), in high-income countries. The hot-floor achieved this despite higher
bed utilisation suggesting the model had superior operational contingency (Harris, Singer, et al.
2015; Naser et al. 2016). Key benefits include reduced need for those patients refused admission
to undertake a high-risk inter-hospital transfer (Liu, Kipnis, et al. 2012) and avoiding delays
accessing definitive care. Early access and ICU intervention improves patient outcomes with
Churpek et al. (2013) finding in a cohort study of 50,032 admissions that for each hour delay

there was a 7% increase in the odds of ICU mortality.

Good access and high patient throughput was achieved despite the median unit length of stay
(73.5 hours) being 10 hours longer than the conventional ICU (10 hours) and 15 hours longer
than the national average. Prolonged ICU stay can impede new admission access, but as this was
not evident indicated the hot-floor provided effective internal operational contingency.
Furthermore, increased length of stay in ICU is associated with increased risk of an adverse event
such as a hospital-acquired infection (Chacko et al. 2017), though this was not evident as

indicated by the equivalent CLABSI rates (1%) in both units reflecting best practice.

Contributing to a longer unit stay was a greater proportion (10%) of hot-floor patients
experiencing a discharge delay of greater than six hours. Discharge delay is not typically
regarded as a positive operational metric and usually relates to hospital wide bed availability
(Hobson & Bihorac 2015) and other hospital-level factors that have been reported in 22-67% of

discharges (Peltonen et al. 2015). However, the hot-floor continued to manage demand and
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maintain patient throughput while accommodating higher discharge delay. The integrated
service model, incorporating clustered ‘step-down’ or ‘intermediate care’ beds, provided
effective contingency to accommodate patient discharge delays (Nguyen, Wunsch & Angus
2010a; Vincent & Rubenfeld 2015). This could be attributed to greater variation in nurse:patient
ratios made possible by closer alighment of staff allocation to patient acuity, dependency and
clinical risk, thereby enhancing the flexibility of the available bed capacity (Town et al. 2014).
Additionally, more ready access to the integrated step down areas improves continuity of care
for patients transitioning out of ICU (Bennett 2015; Wunsch et al. 2014) while releasing ICU beds

for critical admissions.

Higher hot-floor discharge delay may have also contributed to a proportional reduction (10%) in
after-hours discharge, that has been shown to be associated with reduced unplanned
readmissions due to delayed detection of clinical deterioration (Azevedo et al. 2015; Elliott,
Worrall-Carter & Page 2014; Kramer, Higgins & Zimmerman 2013). The large integrated flexible
bed base provides an opportunity to retain patients where the transfer would have occurred
after-hours (between 6pm and 6am) (Azevedo et al. 2015; lapichino et al. 2005) avoiding
premature discharge (Soltani et al. 2015). This is particularly significant when patients are
outliers in wards (Wood, Coster & Norman 2014) during periods of reduced ward staffing levels
and clinical supervision. However, the known association between after-hours discharge and
unplanned readmission to ICU (Ouanes et al. 2012) was not evident in this study. Hot-floor and
conventional ICU readmission rates were 1.8% and 3.0% respectively, despite higher after-hours
discharge in the conventional ICU. Issues contributing to unplanned readmission to ICU are
multifactorial, from a patient’s propensity for deterioration through to hospital wide
organisational attributes limiting any assumptions of causality (Bice 2016; Santamaria et al.
2016). Avoiding after-hours discharge, however, continues to be recognised as best practice

(Nates et al. 2016).

Research question three, ‘Is the closed (hybrid) hot-floor model capable of improving the
management of intensive care demand? was addressed though these findings. Through
combined efficiency and no detriment to patient outcomes, the hot-floor demonstrated
effective operational contingency within a safe clinical environment that indicated
organisational resilience, a core principle of high reliability (Niedner, Muething & Sutcliffe 2013).

Furthermore, the ability to respond to constantly changing organisational conditions such as
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unplanned demand, absorb patient flow delays and balance with the available bed capacity and
clinical workforce indicates situational awareness. This suggested the model was able to

facilitate sensitivity to operations, a second HRO principle (Christianson et al. 2011).

However, greater patient throughput was also associated with high average unit occupancy
103% that indicated the hot-floor routinely operated over census and well above the
conventional ICU (76%) and the national average (83%). This contradicts earlier
recommendations that occupancy be maintained at 75% (Halpern 2011; Reddy et al. 2015;
Tierney & Conroy 2014) and justified as a requirement for optimal patient throughput, an
effective response to peak demand and to maintain a safe and healthy work environment.
Patients are at greater risk of experiencing an adverse event with high unit occupancies (Eriksson
et al. 2017; Tanaka & Ramaiah 2014), including hospital acquired infections, premature
discharge and higher mortality (Chrusch et al. 2009; Iwashyna, Kramer & Kahn 2009; Kong et al.
2011), though these were not evident in the hot-floor as previously discussed. Furthermore,
crude mortality (10.2%) did not differ from the conventional ICU (10.4%) with a similar risk
adjusted SMR of 0.79 and 0.76 respectively, and equivalent to the mean national SMR 0.78.
Sustaining quality care in a high risk environment is attributed to a commitment to standardised
evidence based best practice (Hasibeder 2010) and this fulfils a third HRO principle, deference

to expertise, where pathways and protocols support routine processes (Padgett et al. 2017).

Due to greater throughput patient volume (83 admissions per bed annually) was 25% higher
than the conventional ICU (62 admissions per bed annually) and 15% higher than the national
average (71 admissions per bed annually). Procedural volume is a strong positive predictor of
patient outcomes (Darmon et al. 2011; Shuhaiber, Isaacs & Sedrakyan 2015) though a causal
relationship is difficult to attribute in ICU due to patient heterogeneity and multiple
simultaneous interventions (Phillips et al. 2017). Reduced patient mortality has been
demonstrated in high volume ICUs with occupancy rates ranging from 75% to 85% (de Lange,
Wunsch & Kesecioglu 2015; Peelen et al. 2007). However, evidence is equivocal with the
association between volume and mortality not consistent across all patient groups
(Abbenbroek, Duffield & Elliott 2014a; de Lange, Wunsch & Kesecioglu 2015; Sasabuchi et al.
2015). However, highly complex and ventilated critically ill patients admitted with sepsis, multi-
organ failure and multi-trauma, for example, are likely to benefit (Nguyen et al. 2015). As a

tertiary level ICU, the hot-floor provides the most complex regimen of simultaneous potentially
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hazardous therapies and organ support modalities at the point of care. No detriment to
mortality or other outcomes, such as unplanned extubation or pressure injury, suggests high
complexity benefits from volume. However, when combined with high occupancy and intense

clinical workload, the organisational reliability of the hot-floor is put at risk.

This finding, in combination with the other outcomes measured, addressed research question
four; ‘Do hot-floor patient outcomes differ to conventional ICUs and is the volume-mortality
association influenced by the demand management changes?’ Patient outcomes did not differ
despite greater throughput demonstrating a reliable patient care environment where problems
were anticipated, detected and responded to promptly. As such, adverse events resulting in
poor patient outcomes may have been averted. While this was also evident in the conventional
ICU, the hot-floor also efficiently managed considerably higher demand and overall activity.
Therefore, in both units, an HRO principle requiring a preoccupation with failure where clinical
staff were vigilant to small changes and altered clinical management goals accordingly, was

fulfilled (Chassin & Loeb 2013).

The combined high patient volume and turnover, unit occupancy and the high frequency of
interdependent tasks increases the risks quality of care and predisposes nurses to dissatisfaction
and burnout (Norris, Currie & Lecko 2012). The effect of an intense physical, technically complex
and emotionally demanding work environment is amplified by unit congestion due to occupancy
leading to fatigue that puts both nurses and patients at risk (Pastores 2015). A workload ‘tipping
point’ may be reached (Momennasab et al. 2017) that is detrimental to both patient and nurse
outcomes (Halpern 2011; Howell 2011; Zimmerman 2009). This supports the notion of a high
volume threshold where workload may exacerbate operational and staff fatigue manifested by
reduced compliance with clinical processes (Abbenbroek, Duffield & Elliott 2014a). A window of
optimal ICU organisational performance may exist between low and high volumes, but as yet

this not been unequivocally confirmed.

In this study the hot-floor compliance with the VTEP protocol was 86.6%, 11% lower than the
conventional ICU, increasing the risk for an adverse patient event and critical deterioration
(Yerramilli et al. 2016). Comparatively a point prevalence study of 50 Australian ICUs found
national VTEP compliance to be 96%, similar to that of the conventional ICU (Hewson et al.

2011). Internationally, ICU compliance rates vary considerably; from 68% in South Korea (Lee et
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al. 2014), 77% in the US (Restrepo, Jameson & Carroll 2015), 81% in Spain (Garcia-Olivares et al.
2016) and as high as 98.3% broadly across Asia (Parikha et al. 2012). Hot-floor VTEP compliance
in this study therefore represents a distinct outlier, falling below the national IQR of 89-100%
(Hewson et al. 2011). This may infer that compliance is impacted for other protocol driven care
such as FASTHUG which incorporates a clinical care bundle for feeding, analgesia, sedation,
thromboembolic prophylaxis, health of bed elevation, ulcer prevention and glucose control
(Masson et al. 2013). The aim is to embed best practice protocols for routine care during each
patient encounter (Borgert, Goossens & Dongelmans 2015). Further research into compliance
with bundles is warranted as standardisation is being increasingly challenged (Girbes & Marik

2017) and personalised critical care is emerging in the literature (Vincent 2016).

Standardisation of practice, combined with effective workplace education and support
enhances protocol compliance, promotes organisational reliability (Sutcliffe, Paine & Pronovost
2017). The highly standardised evidence based protocolled practice environment is
complemented by expert clinical judgement to respond to patient variation. This model of
dynamic clinical management relies on vigilance and adjustment of care according to the
patient’s condition, offering protection against adverse events and unexpected deterioration
(Girbes & Marik 2017). The resulting clinical agility recognises the complexity of critical care and
fulfils a fifth principle of high reliability, a reluctance to simplify process and practice. Positive
patient outcomes and high hot-floor activity indicated the presence of this organisational
quality, despite high workload being implicated as a barrier to protocol compliance (Daud-

Gallotti et al. 2012) increasing clinical risk.

6.3 Maintaining a healthy ICU work environment

A healthy work environment is imperative to ensure patient safety and ideal outcomes, and for
the promotion of staff retention and recruitment (AACN 2016). Six essential standards, defined
by the American Association of Critical Care Nurses (2016), for establishing and sustaining a
healthy work environments in intensive care, are directly applicable to the Australian context.
Stipulated requirements include skilled communication and true collaboration to underpin
effective decision making, appropriate staffing that achieves suitable matching of patient
dependency and nurse skillmix, meaningful recognition of contribution to organisational goals,

and authentic leadership (Parker 2016). Magnet hospital attributes are closely aligned (Kelly,
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McHugh & Aiken 2012), and their relevance to the ICU work environment has been confirmed

internationally (Einav, O’Connor & Chavez 2016; Purdy et al. 2010; Stalpers et al. 2017).

Developing an understanding of how the hot-floor model might influence factors associated
with the health of the work environment and the subsequent impact on nurse outcomes aimed
to address research question five. This study found both positive and negative associations with
nurse outcomes in the hot-floor. Areas of potential risk, related to the imbalance between
organisational efficiency and effectiveness were identified, which if not addressed, may degrade
the work environment and undermine workforce sustainability of the hot-floor model (AACN

2016; Coetzee et al. 2013).

Nursing leadership, a strong mediator for a positive work environment, was weaker and less
effective than in the conventional ICU. Diminished visibility of front-line nurse managers in the
hot-floor, due to their work being shared between multiple units to cover a larger cohort of beds
and staff, was identified as the main factor that negatively influenced the work environment.
Core attributes of effective leadership including visibility in the workplace, accessibility,
consultation, recognition and support are associated with a positive practice environment and
promote optimum nurse outcomes (Brewer et al. 2016; Roche, Laschinger, et al. 2015; Ulrich et

al. 2014a).

Effective leadership that promotes staff training, competence and autonomy (Carrothers et al.
2013), controls workload and fosters teamwork to reduce depersonalisation (Lee et al. 2016),
and promotes personal accomplishment through supervision and support (Parker 2016), is key
to a positive practice environment (Ulrich et al. 2014b). Ineffective leadership due to inadequate
resourcing exacerbates the impact on workload due to high frequency of complex clinical
interventions at the point of care, greater patient turnover and increased responsibility for
junior colleagues. A workload threshold may be reached where conditions impact on nurses’
clinical practice such as compliance with protocol driven routine care (Kodadek & Haut 2016;

Weissman et al. 2015).

Less effective leadership, insufficient clinical support and the subsequent reduction in personal
accomplishment devalues the worth nurses place on their contribution to patient care,
undermining their empowerment and further decreasing their motivation to comply with

routine care protocols (Purdy et al. 2010). Moreover, practice compliance is associated with
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adequate leadership, supervision and support (Gifford et al. 2013; Richardson & Tjoelker 2012).
This scenario has been implicated in drug related adverse events (Seynaeve et al. 2011),
underscoring the need to consider multiple workload factors to promote compliance (Lee et al.

2016; Zarei et al. 2016).

The impact of these factors on the health of the work environment is detrimental to nurse
satisfaction and may increase burnout (Klopper et al. 2012). The link between effective
leadership and reduced burnout has been recognised in critical care (Moneke & Umeh 2013;
Moss et al. 2016b). Front-line clinical nurse leaders provide supervision and support that acts as
a buffer for burnout (Weigl et al. 2016), in turn contributing to positive patient outcomes (dos
Santos Alves, da Silva & de Brito Guirardello 2016; Ulrich et al. 2014b). Participants from the hot-
floor exhibited a pattern of increased depersonalisation and emotional exhaustion coupled with
lower personal accomplishment (see Table 5.11) suggesting an increased propensity for
burnout. The prevalence of burnout and the threat to health care quality is recognised in a
collaborative statement from critical care societies globally (Moss et al. 2016b) which makes a
call for urgent action to address burnout. Workload is explicitly implicated in the statement for
both nurses (Van Bogaert, Olaf, et al. 2013) and medical staff (Tironi et al. 2016). Effective
leadership moderates workload to balance efficiency and effectiveness of the organisation to

promote clinician wellbeing (Lyndon 2016).

Strong clinical leadership and effective clinical supervision also promote nurses’ sense of
personal accomplishment (Stanley 2014) and where lacking exacerbates intention to leave
(Roche, Duffield, et al. 2015; Tourangeau, Cranley, et al. 2010). Low personal accomplishment
and perceived clinical competency are linked to nurse burnout (Van Bogaert et al. 2017),
compounded in the hot-floor work environment by reduced clinical supervision for nurses
providing complex care to critically ill patients (Welp, Meier & Manser 2016). Clinical bedside
nurses provided more frequent mentorship (6%) and clinical advice (5%) to colleagues while also
being responsible for the clinical management of their own allocated patient. While this is an
accepted professional practice in ICU, if consistently expected then the risk of workload fatigue
may be exacerbated (Steege & Rainbow 2017). A consequence of this identified in an earlier
study found reduced access to formal education and support structures diminished personal
accomplishment and increased emotional exhaustion (Dawson et al. 2014). Without appropriate

resourcing to provide adequate supervision and mentorship then clinical training and
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professional development are less likely, the practice environment deteriorates, the risk of

burnout is exacerbated and quality of care may suffer (Haerkens et al. 2015; Ulrich et al. 2014a).

Effective leadership also promotes a culture of safe patient care by fostering open
communication, teamwork and staff empowerment (Squires et al. 2010). This represents the
fifth principle of high reliability organisations, deference to expertise (Padgett et al. 2017), where
the bedside nurse is recognised as the knowledge source regarding their patient’s current
condition (Chassin & Loeb 2013). A HRO recognises that front-line staff ideally placed for early
detection of emerging problems and empower them to participate in operational and clinical
management planning, and to make decisions (Singer et al. 2013). Effective front-line leadership
is the key-enabling factor for achieving staff autonomy and thereby reduce the risk of clinical
deterioration and missed care (Padgett et al. 2017). Due to front-line management and
education resource constraints, the hot-floor failed to fully meet this requirement with bedside
clinical nurses receiving less support for autonomous practice within the multidisciplinary ICU

team.

While hot-floor nurses considered nurse leadership to be less effective, nurses from both units
rated their respective practice environments in broadly positive terms. Though not statistically
significant, hot-floor nurses consistently rated participation in hospital affairs, presence of
nursing foundations for care and adequacy of staffing and resources lower. Participation fosters
autonomy and improves nurse retention, two key determinants of effective leadership (Roche,
Duffield, et al. 2015). Limited supervision and nurse manager support fail to convey the presence
of nursing foundations for delivering care, to promote a nursing philosophy or instil confidence
in nurses regarding their clinical competence (Fairchild et al. 2013; Gikopoulou et al. 2014).
Inadequate staffing and resourcing again is attributed to insufficient management, education
and clinical support resources. Organisational support in the form of access to educational
opportunities and career development are strong incentives for the retention of critical care

nurses (Goldsworthy 2017).

In addition to practice environment factors, hot-floor nurses also rated multiple work factors
lower than their conventional ICU counterparts. Poorer roster flexibility, lower occupational
health and safety, and lower perceived quality of care were manifested by reduced job

satisfaction, all risks to maintaining a healthy work environment and positive patient outcomes
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(AACN 2016). Staff churn exacerbated lower satisfaction with approximately 13% more hot-floor
nurses intending to resign within 12-months. This is primarily due to a greater sense of
depersonalisation attributed to limited nursing leadership and a lower sense of cohesion (Djukic

et al. 2012; Matlakala, Bezuidenhout & Botha 2014a).

Disconnected or isolated nurses experience poor collegial communication and increased
emotional fatigue that manifests as an unfeeling, impersonal or callous response toward
patients, family and colleagues (Moneke & Umeh 2013; Moss et al. 2016a; Vahey et al. 2004).
Up to 48% of critical care nurses have been found to experience depersonalisation from which
the subsequent professional and social isolation may hinder participation, undermine teamwork
and compound burnout (Li, Ruan & Yuan 2015; Mealer 2016; Samur & Intepeler 2016). The
presence of a nurse manager who is visible and communicates effectively, strengthens the
organisational structure and protects the work environment and can reduce the risks associated

with burnout (Regan, Laschinger & Wong 2016; Van Bogaert et al. 2017).

In contrast to the disadvantages described by nurses in regard to the hot-floor work
environment, there was a distinct advantage to working within an integrated service model with
a large agile clinical workforce. Agility in this context is the ability of an organisation’s workforce
to respond rapidly to changes in demand in terms of patient volume and acuity through flexible
staffing models including nurse:patient ratios (Patri & Suresh 2017). Greater workforce mobility
indicates the flexible operational contingency of the hot-floor effectively responded to
fluctuating conditions while maintaining elements of a positive work environment promoting
organisational resilience (Riley et al. 2010). Due to internal staffing contingencies nurses were
less likely to be redeployed to other wards on a short-term shift-by-shift basis than those in the
conventional ICU. Intensive care nurses possess a broad range of skills applicable to complex
patients in a majority of clinical specialties, and as such are highly mobile across the hospital
(Matlakala 2015). However, redeployment to an unfamiliar clinical setting where immediate
care is required by multiple unknown patients, is poorly regarded by ICU nurses and creates

considerable anxiety (Matlakala 2015).

Nurses feel greater empowerment when their expertise is appropriately utilised and their
clinical competency, performance and involvement in decision making contributes to positive

patient outcomes (Choi, Kim & Kim 2014; Van Bogaert et al. 2016). Empowered workplaces
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provide formal and informal sources of power derived from access to information, support and
resources for nurses to accomplish their work effectively and improving the quality of care,
(Purdy et al. 2010). Professional autonomy through active participation in determining the
clinical care provided serves to increase the perception nurses hold in regard to the
meaningfulness of their role (Georgiou, Papathanassoglou & Pavlakis 2015; Gikopoulou et al.
2014; Van Bogaert et al. 2016). Redeployment to unfamiliar work environments precludes
multidisciplinary specialist collaboration and diminishes collegial support reducing the
opportunity for active participation and the nurse’s sense of practice proficiency (Breau &
Rhéaume 2014; Cranley et al. 2012). Nursing staff respond by taking sick leave and changing
shifts creating instability within the ICU practice environment to the detriment to nurse and
patient outcomes (Duffield et al. 2015). A lower absenteeism rate is viewed as a proxy for a
healthy workforce and work environment (Ontario Health 2010). Furthermore, Chen et al.
(2007) established that structural factors that destabilise the work environment and diminish
empowerment for individuals also impact on teamwork due to participants being less
cooperative and more cynical about organisational goals. While education and transformational
leadership are key empowerment enablers, cohesive teamwork achieved through nurse-to-
nurse support, workload sharing, multidisciplinary communication and collaboration, and
exemplary professional practice in a familiar work environment are essential to fulfil Magnet

hospital designation requirements (Breau & Rhéaume 2014; Walker, Fitzgerald & Duff 2014).

Where external redeployment was required, participants shared a similar view that deployment
to other units should be based on a formal agreement, with appropriate policies and procedures
that describe triggers for the return of staff to accommodate unplanned ICU activity (Matlakala
2015). The opportunity to move staff internally between unit pods on a shift-by-shift basis
provides an alternative to external redeployment, retaining nurses within a familiar practice
setting and enhancing nurse skill-mix matching to patient acuity, positively influencing the work
environment and patient outcomes (Aiken, Sloane & Griffiths 2016; Cho et al. 2014; lapichino et
al. 2007). While considered logically feasible from an organisational perspective, hot-floor
nurses perceive this strategy as a poor use of their critical care skillset. Patient dependency was
more varied allowing nurse:patient ratios to be modified accordingly, improving the utilisation
of available staff and further enhancing operational contingency (Nguyen, Wunsch & Angus
2010a). Differing nurse:patient ratios may adversely impact ICU nurse satisfaction but reduced
redeployment is likely to represent a more favourable compromise.
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However, the positive effect of lower nurse redeployment may have been countered by work
environment instability due to the ineffective leadership. Work environment instability can arise
from different characteristics of changing front-line nursing managers that, when combined
with a large agile clinical workforce and a changing high volume patient casemix, increases unit
complexity to a point that may be detrimental to nurse and patient outcomes (Duffield et al.
2015). Whether due to secondment opportunities or dissatisfaction with the role, nurse
manager turnover has been implicated in poor patient outcomes (Warshawsky et al. 2013) and
adversely affects organisational outcomes (Steege et al. 2017). Increased workload due to
instability associated with shift-to-shift staff changes, frequent mentoring of new colleagues or
the frequent turnover of nurse leadership positions, in complex practice environments with
insufficient clinical support, limited participation and low personal accomplishment, predisposes
hot-floor nurses to burnout (Tao et al. 2015). Consequently, staff retention deteriorates,
instability is exacerbated and an unhealthy work environment cycle of events is created putting
nurses and patients at risk, and undermining organisational reliability (Haerkens et al. 2015;

Hendrich & Haydar 2017; Pretorius & Klopper 2011).

Also in this study up to 25% more hot-floor nurses worked a 12-hour shift roster. Evidence on
the reasons nurses adopt this rostering pattern is equivocal with studies providing conflicting
findings on driving factors such as work balance, organisational imperatives such as cost and
continuity of care, and managing work environment related stress (Clendon & Gibbons 2015;
Harris, Sims, et al. 2015). Greater access to 12-hour shifts reflects a trend to condense
contracted work hours into fewer shifts and increase the number of non-working days (Dall'Ora
et al. 2015). While improvements to job satisfaction and nurse retention have been suggested
(Stone et al. 2006), more recent studies have indicated nurses experience limited roster
flexibility and increased fatigue and burnout (Kunaviktikul et al. 2015; Moreno Arroyo et al.

2013; Pryce 2016).

Risks to nurse welfare due to longer shifts may also be compounded by increased paid overtime
(Dall'Ora et al. 2015), worked by 22% more hot-floor nurses. Enhanced operational flexibility
that enabled higher patient throughput was also associated with nurses working more paid
overtime in a technically complex and emotionally demanding work environment that may
compound nurse fatigue (Pastores 2015). Overtime work is a key negative indicator of a healthy

workplace because it can be used as a proxy for staffing levels and workloads and is a significant
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cost for health services (Ontario Health 2010). Longer shifts exacerbate these effects, creating a
potentially unsafe practice environment with a greater risk and adverse event being experienced

by nurses and patients (Griffiths et al. 2014; Liu, Lee, et al. 2012; Lobo et al. 2017).

Maintaining a healthy work environment in the hot-floor therefore poses a significant
management challenge in the context of sustained high workloads and risk of fatigue.
Organisational factors have a significant impact on the psychological wellbeing of nurses in ICU
(Galletta et al. 2016; Weled et al. 2015). Consistently lower ratings reported for practice
environment attributes and contextual work factors, combined with a greater predisposition to
burnout suggest that organisational management strategies and resourcing of leadership and
clinical support roles need to be better aligned to requirements for a healthy work environment.
Burnout exacerbates this relationship (Chuang et al. 2016; Fonseca & Mello 2015) and if not
proactively managed may result in the ICU hot-floor organisational model, from a nurse

workforce perspective, not being sustainable in the long term (AACN 2016; Moss et al. 2016b).

The link between nurses’ work environment and patient outcomes has been confirmed
repeatedly by robust empirical research in acute care settings (Duffield et al. 2015; Olds et al.
2017; Xiao et al. 2017). However, in this study, hot-floor patient outcomes were not affected
despite the high-risk work environment for nurses. The fact that the hot-floor nurses work
environment did not translate into poor patient outcomes points to the mitigating influence of
the highly standardised structural, process and practice work environment typical of ICUs
internationally and is a core requirement for high organisational reliability (Bennett 2015; Scales

& Rubenfeld 2016).

6.4 Protecting high risk patients through standardisation

Organisations with high reliability recognise the value of standardising structures for evidenced
based service delivery and operational processes that optimise workflow and workforce practice
to reduce variation and mitigate risk (Hines et al. 2008; Vogus & lacobucci 2016). As previously
reported, despite the high-risk hot-floor work environment, patient outcomes including crude
and standardised mortality, unplanned extubation, CLABSI or pressure injuries were not
adversely affected. Outcomes for the hot-floor compared favourably with other countries

including lower crude mortality than in the UK (10.2% vs. 14.6%) (ICNARC 2015), unplanned
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extubation within the lowest quartile compared to rates internationally (3.2% vs. 0.5 - 14.2%)
(Selvan et al. 2014), equivalent CLABSI rates to those in the US (1%) (Pronovost et al. 2016), and
a lower prevalence of pressure injury than rates reported internationally (16.2% vs. 18-30%)
(Coyer et al. 2015; He et al. 2016). These findings refute the large body of evidence in the
international literature reporting that high ICU occupancy is detrimental to patient outcomes
(Eriksson et al. 2017; Fernandez 2015; Reddy et al. 2015). Recent studies have also identified
that pooling of dedicated specialty ICUs into mixed integrated critical care services improves

efficiency while ensuring effective patient outcomes (van der Sluijs et al. 2017).

Mitigating the effects of high occupancy and workload is visible front-line management (Clay-
Williams et al. 2014) that encourages frequent interaction with clinical staff to promote
compliance with standardised best practice (Dirik & Seren 2017; Weng, Kim & Wu 2017). The
uptake of standardised protocols including care bundles and order sets to reduce risk and
facilitate measurable processes and outcome improvements is promoted as best practice
internationally (Soares, Bozza, et al. 2015; Weled et al. 2015). This is a core requirement for
organisational resilience and is being addressed through increasing emphasis on ICU structures
and processes to overcome barriers to compliance (Balas et al. 2013). Reducing harmful
variation in routine clinical care promotes optimal patient outcomes and contributes to high
reliability in ICU (Nguyen, Wunsch & Angus 2010b; Sutcliffe, Paine & Pronovost 2017). Both units
in this study reflected highly standardised work environments across multiple processes and
practices indicating that the fundamental HRO principle of preoccupation with failure was an
organisational goal. However, the hot-floor did not fully achieve this principle as efficiency
outweighed effectiveness in terms of clinical risk. In particular, resourcing for effective
leadership, supervision and support was inadequate. Furthermore, greater sensitivity to
operations is required to proactively manage workload to enhance compliance (Lee et al. 2016)
and anticipate risks to organisational outcomes for staff and patients (Padgett et al. 2017). The

hot-floor model only partially fulfilled this requirement.

While high reliability organisations value standardisation there is a reluctance to simplify process
and practice to a point where judgement, collaboration and autonomous communication are
stifled (Padgett et al. 2017). This is in recognition of the complexity inherent in the intersection
of organisational factors, operational processes and clinical expertise that occurs to optimise

outcomes. The increased clinical risk evident in the hot-floor model did not translate to poor
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patient outcomes suggesting that a reluctance to simplify was present, and the ICU team

remained vigilant and responsive to the patient’s condition.

The combination of standardised practice supported by individualised patient care is promoted
by Vincent (2016) who argues that simple protocols do not work for complex patients as over-
standardisation leads to clinician desensitisation. Complacency may result from the constant of
protocol-guided care without the challenge of clinical assessment, analysis, adjustment and
reassessment of the patient’s condition. This model of care that embraces agility, investigation
and clinical judgement, and is supported by best practice protocols with simple checklists,
applied at the discretion of the ICU team, to customise care for optimal outcomes (Scheithauer
etal. 2017). Clinicians relying on protocols and checklists need to continually assess whether the
benefits are being realised or detect potential harm to ensure patients are afforded protection
(Kavanagh & Nurok 2016). Appreciating that standardised care can be inappropriate for some
patients will enhance the understanding of how to improve compliance with standardised care

when indicated to optimise patient outcomes.

6.5 Human resourcing for high organisational reliability

Workforce structures in this study were similar and representative of ICUs nationally. However,
resourcing differed in relation to the full staffing complement with the hot-floor having less
nursing management (11.0% vs. 16.0%) and educator positions (1.25% vs. 3.70%) than the
conventional ICU. A higher proportion of RNs in years one to two (36.2% vs. 19.4%) and fewer
nurses with an ICU qualification (43% vs. 49%) may have compounded the effect of inadequate
clinical supervision and support (Van Bogaert, Kowalski, et al. 2013) manifested by hot-floor

nurses reporting lower personal accomplishment.

Organisational reliability requires workforce preparedness and appropriate resourcing
(Aboumatar et al. 2017) that extends beyond clinical staffing for optimal patient care (Cho et al.
2014) to encompass management, education and front-line support roles (Bennett 2015).
Intensive care workforce research has primarily focused on conventional ICU bedside
nurse:patient ratios with opinion-based recommendations for other front-line roles, though
nothing specific to the hot floor. Matlakala et al. (2014a) identified the resourcing challenges in

large ICUs due to unit structure, layout and size but concluded no effective strategies currently
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existed. More recently Webb et al. (2016) described the emergence of the ‘mega’ ICU hot-floor
model in Australia, the inherent staffing challenges and the importance of strong nursing

leadership, though no evidence based resourcing recommendations were proposed.

The Australian College of Critical Care Nurses recently released ten workforce standards (‘the
standards’) (ACCCN 2016) developed through systematic review, critical appraisal and evidence
grading (NHMRC 2014). These provided a robust framework for considering hot-floor workforce
resource requirements. Standard one recognises that a one size fits all model is not appropriate
for contemporary ICUs. Patient casemix, unit layout and size are considerations for resourcing
direct patient care and other front-line roles, a foundation principle underpinning the standards.
The hot-floor upheld this staffing principle for nurses providing direct clinical care (Standard
two) with nurse:patient ratios determined by acuity and dependency, and by ensuring specialist
qualified nurses (Standard three) were available. However, a broader range of nurse:patient
ratios was applied using an incremental approach to determining nursing requirements thus
moving away from the traditional one nurse to one patient staffing model through to one nurse
to four patients (ACI 2015). Though an unpopular strategy among ICU nurses, this staffing
approach contributes to timely patient access during periods of high demand, high occupancy
and where hospital organisational constraints delay patient transfers to wards. Nurse
redeployment may also be reduced through the greater options for internal staff redistribution

as found in this study.

Traditionally, nurse allocation has been determined by clinical assessment of a patient’s needs
with limited objective criteria used to support staffing decisions other than the patient being
intubated with mechanical ventilation. An objective model is therefore required to determine
staffing requirements to better match resources and skillmix, optimise throughput and provide
a clear rationale for staff allocations. The Therapeutic Intervention Scoring System (TISS) (Cullen
et al. 1974) is one method but uptake for unit-based staffing decisions in Australia has been
found to be only 18% (Rischbieth 2006) which was attributed to the burden for nurses to
complete TISS for each patient. An alternative is the Nursing Activities Score (NAS) that has been
validated in ICUs across 15 countries (Miranda et al. 2003) and accounts for 81% of nursing time,
compared to 43% by TISS (Miranda et al. 2003). Though adopted in Europe and Brazil (Padilha
et al. 2010) NAS has not been implemented in Australian ICUs highlighting the need for further

research on this topic as described later in this chapter.
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The fourth workforce standard stipulates that nursing management be provided by a specialist
critical care nurse dedicated to the service nurse manage role and involved in decision making
at all levels within the administration. While evident in the hot-floor, the level of resourcing was
inadequate, highlighting the need to consider a broader array of management roles
incorporated into a management model aligned to pods of beds, no larger than 10 beds, to
support effective management and authentic leadership. The hot-floor nurse manager role was
shared across 54 beds over four separate units comprised of approximately 280 FTE nursing
positions with a larger actual head count. Afterhours this role was provided by a clinical manager
for the service as a whole, limiting availability to direct care staff needs. This role provides a
bird’s eye view of the service as a whole promoting situational awareness, a core requirement
for operational contingency and organisational resilience. Efficiency and effectiveness of the
hot-floor model is contingent on a whole of service operational coordination and resourcing

across all pods to accommodate the changing organisational environment.

To support this the clinical manager role, unit based support and leadership positions need to
be incrementally aligned to the size of the nursing workforce by modeling the ratio of these
resources per each pod of ten to 12 beds (BACCN 2013; CICM 2011). This approach is also
applicable to nursing education, clinical and ancillary staff support resources so as to adequately
address ACCCN workforce standards five, six, seven and ten respectively. However, in
recognition of fiscal and workforce constraints, and the need to avoid a top-heavy management

model, alternative strategies need to be considered.

The ‘ACCESS’ nurse role, ACCCN workforce standard six, provides Assistance, Coordination of
patient activity, Contingency for unplanned demand, Education for clinical staff, Supervision and
Support for the provision of direct patient care (ACCCN 2016). The role, staffed by senior clinical
nurses, aims to augment front-line manager and education roles, facilitates workforce agility,
enhances quality of care and safety, and offers a new clinical career pathway. Mechanisms for
greater participation in hospital affairs are made available, autonomy is promoted through
personal accomplishment and risk of burnout reduced. Senior clinical nurses are a precious
resource for all aspects of organisational, operational and quality management activities in ICU,
and their retention promotes a healthy work environment that benefits both nurse and patient
outcomes. The ACCESS nurse role had been adopted by the hot-floor but resourcing according

to the size of service and its workforce was inadequate, undermining the effectiveness of the
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position. The conventional ICU provided a similar role, along with a front-line manager and
additional education resources, all of which were dedicated to a single discreet unit. Taking into
account the need for an incremental approach and the ACCESS nurse role, a workforce resource
model for front-line nursing management, education and clinical support role, is proposed in

section 6.7.

Similar to front-line nursing roles in the hot-floor, lower resourcing was also provided for
medical, allied and ancillary positions. Total hot-floor medical staffing per bed (1.1 FTE) was well
below the conventional ICU (2.3 FTE) and below the national average (1.5 FTE). Dedicated ICU
pharmacist resourcing was also lower for the hot-floor (0.35 vs. 1.0 FTE) as was ancillary support
positions (1.35 vs. 3.0 FTE). Adequate resourcing of these positions is inextricably linked to
quality of care and optimising patient outcomes. For Intensivists this level of resourcing is well
below recommended staffing recommendations (CICM 2011) and linked to burnout due to high

workload and emotional stress (Meynaar et al. 2015).

As pointed out by Seppelt (2013) in regard to the state of ICU in Australia, the mega ICU has
many staffing implications, not only related to physical size but also a new work place dynamic.
In a large hot-floor service the intensivist workforce may become two tiered, with a small core
of permanent staff guiding clinical care and supporting management activities, while the
remainder focus only on patient care with no other organisational interaction. This raises
concerns about fragmentation of care and lower commitment to the organisation due to a ‘shift-
work’ mentality. An incremental approach to medical and ancillary staffing is also required to

better align staffing requirements.

6.6 Strengths and limitations

The findings of this study need to be interpreted in the context of methodological strengths and
limitations to elicit meaningful implications for health policy, planning and practice that pertain
to ICU organisation and management. A key limitation in regard to retrospective cross-sectional
cohort studies the lack of control for confounding and bias in the study population highlighting
the need for appropriate risk adjustment and controls where possible. Critically ill patient
populations have a high degree of heterogeneity due to the broad range of demographic

characteristics, illnesses, injuries and multiple comorbidities. Sample variation was controlled by
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drawing from the explicit adult patient population from ICUs with analogous case-mix, level and
type of intensive care service provision and clinical workforce structures (Burmeister & Aitken
2012). Samples were statistically matched on multiple casemix and clinical criteria and were

representative of the national tertiary adult ICU patient population.

Any association between organisational factors and patient outcomes, particularly in relation to
volume and mortality, remains tenuous, with any direct causal relationship confounded by
heterogeneous patient populations (Dodek 2014; Kuiper & Girbes 2015). Randomised patient
selection was employed to minimise potential confounding although the controls implemented
do not guarantee complete eradication of confounding variables. Notwithstanding this
limitation, the value of organisationally mediated outcome research in ICU is being increasingly

recognised (Parry & Power 2015; Sakr et al. 2015).

The quality of the extracted sample data was high with minimal missing data due to the sites’
clinical information systems. Sample sizes were comparable to similar studies into ICU
organisational factors and outcomes. The small effect size found in significant and non-
significant test results demonstrates the need for a larger sample size to ensure adequate

statistical power and avoid Type Il errors.

As noted earlier, national tertiary adult ICU patient population data are skewed because of
outliers and heterogeneity; this was also evident in the samples studied here. While data
transformation was attempted to explore if parametric tests could be used, no improvement in
distributions was identified. Non-parametric tests were therefore adopted reducing statistical

power and potentially contributing to Type | and Type Il errors in the analysis.

Given the heterogeneity of the ICU patient population generalisation of findings to other levels
or organisational types of adult ICUs is limited. However, the study sites and workforce profiles
were well matched providing a solid evidence based foundation for future national multi-centre

studies into ICU organisation.

The use of a cross-sectional survey to explore the association between nurse outcomes and
organisational factors limited the ability to control for confounders in the study population.
Prospective purposive sampling enabled clinical ICU bedside nurses to be included. The resulting

sample size may have increased the risk of bias, underpowered the analysis and the risk of a
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Type Il error. The sample size was however based upon previously published similar studies and
considered feasible for the scope of this research. Workforce structures and staffing models
were matched and stable across both sites, with equivalence of the ICU nurse samples
demonstrated. The samples were also closely aligned with characteristics of the national tertiary

ICU nurse workforce.

The two data collection periods may influence any causal inference made regarding the
association between patient outcomes, the practice environment and nurse outcomes. To
account for possible variation due to separate collection periods it was established that the
service profile of each study site, patient casemix and clinical workforce remained constant over

the full duration of the research.

Selection of the survey instruments was based upon an evidence-based approach. Identification
of statistically significant relevant nurse outcomes provided a core dataset that then enabled
selection of the most appropriate survey instruments. Pilot testing provided validation of the
instrument and valuable feedback on the survey design. Both the PES-NWI and MBI have had
extensive psychometric validation in nursing populations and this was subsequently confirmed

in the current study.

Using both hard copy and electronic survey formats could potentially impact on completion
rates, missing data and ultimately results. Both methods were used to suit the sample
population and their workplace to optimise access to the survey and facilitate collection.
Controls were put in place to maximise completion rates including an instrument pilot to
optimise the survey design in both hard and electronic formats, instruction was provided on
completion during the information sessions and the electronic format settings precluded
moving forward if there was missing field. Despite the long survey format the response rate and
survey completion rate were high with minimal missing data. This may be attributable to the
strong local support expressed by ICU nursing staff for the study, survey administration
supported by the local nursing management and education staff, and high visibility of the

investigator.
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6.7 Implications for practice, policy and management

The Australasian Health Facility Guidelines promote the hot-floor as an organisational solution
to growing demand for intensive care. This policy driven planning approach is based on a
number of assumed efficiency and effectiveness benefits. This research has demonstrated for
the first time that the hot-floor model more efficiently manages patient throughput. This was
achieved by improved service integration across multiple subspecialties enhancing operational
flexibility and organisational resilience. However, this research identified an inherent risk to
patientand nurse outcomes associated with the intensified level of activity and under resourcing
of key front-line management, education and support positions. These implications need to be
addressed through workforce policy, planning and management strategies specific to the hot-

floor work environment.

Two key organisational characteristics of the hot-floor require a policy framework that can guide
proactive workforce planning and the development of a mechanism to effectively manage
patient volume and occupancy. In regard to workforce policy and planning, the overall service
level manager coordination role is pivotal to optimising operational flexibility, patient
throughput and organisational efficiency. During business hours each individual pod has a
dedicated nursing manager and educator with an overarching nursing manager to coordinate
the hot-floor service. In contrast during after-hours, which constitutes a majority of the working
week, only the overall hot-floor service manager is resourced limiting the effectiveness of this

role in terms of supporting and supervising clinical staff.

The ICU stands ready 24-hours a day, 365 days a year, for unplanned patient admissions and
those suffering critical deterioration. A clinical leadership model is required that can respond
appropriately to support clinical staff during peak activity. This study does not advocate multiple
management positions on a 24-hour basis. A viable alternative in the Australian context, which
acknowledges the hot-floor model, is provided by the workforce standards for ICU nursing by
ACCCN (2016) which recommend adoption of the newly evolving ACCESS nurse role, as
described in Section 6.5 of this discussion. In summary the role provides Assistance,
Coordination of patient activity, Contingency for unplanned demand, Education for clinical staff,

Supervision and Support for the provision of direct patient care.
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The ACCESS role aims to supplement the support provided by nursing managers, educators and
other clinical support positions. According to the ACCCN standards for the resourcing of ACCESS
nurses, a key determining factor is the proportion of ICU qualified staff on a shift that can be
used to guide ACCESS nurse ratios per number of nurses and beds. The ACCESS nurse can
support staff during high workload and improve compliance with evidenced based care through
enhanced supervision and mentorship. Potential patient benefits include rapid access to

definitive care due to the readily available contingency afforded by the ACCESS nurse role.

Though ACCCN is recognised as the peak professional ICU nursing body in Australia, currently
there is no policy framework to embed ACCCN workforce recommendations into workforce
planning and management. This study proposes a minimum workforce staffing model for the
hot-floor for front-line management, education and clinical support roles, according the ACCCN
standards (see Table 6.1.). These roles have been demonstrated to mitigate nurse dissatisfaction
and burnout, and are recognised as core requirements for a healthy work environment in ICU
that promotes positive patient outcomes. The proposed staffing ratios in Table 6.1 are modelled

on a pod of 12 ICU beds that would be nested within a hot-floor service.

The scenario maintains the whole of service nursing manager role on a 24-hours basis and
creates ACCESS nurse opportunities in clinical coordination, rapid response and outreach
services, clinical education and support roles. The ACCESS nurse role facilitates a clinical pathway
for senior ICU nurses to increase their scope of practice while establishing a succession plan for
senior management and education position. Rotation into these roles for a consolidated period
provides career opportunities and promotes personal accomplishment. The ACCESS role could
strengthen the influence of the nursing manager with clinical bedside staff through mentoring,
conveying the goals of the organisation and providing real time support and visible supervision.
The associated costs associated with this staffing recommendation will always be brought into
qguestion but these should be considered in regard to the hidden costs of staff turnover,
overtime and other operational support costs already incurred. The model would also optimise
operational contingency, a key benefit of the hot-floor model, to manage the demand for
intensive care. Clinical staff whose workload is controlled and well supported promotes

organisational resilience and reliability.
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The roles and resourcing proposed in Table 6.1 would contribute to the organisational resilience

of the hot-floor model.

Table 6.1 Proposed nursing management, education and clinical support workforce model for

a single ICU pod within a four pod hot-floor

Orglels;tlon Role' 2 Times Allzlft?on Comment
Nurse BH 1.0 (0.25 pods) Senior Ieadership for quality, hqman resources,
Manager udget and service [evel opera‘tlon.al coordination
AH 1.0 (0.25 pod)  Service level operational coordination
Clinical
Nurset BH 1.0 (0.25 pod)  Clinical practice, education and quality
Consultant
Clinical
I-éot—ﬂp or Nurse BH 1.0 (0.25pod)  Research and quality
ervice
Consultant
CN)IinicaI BH 10(0.25 pod Equipment and resources
Cg:liiltant 0(025 pod) ACCESS nurse role (1 year rotation)
Nurse Ligison BH 2.0 (0.5pod)  Rapid Response Team member, c[inical support
/Outreach AH 20(05 pod) role for ward based close observgtlon beds
ACCESS nurse role (1 year rotation),
Nurse Unit BH 10 Operational coordination of unit level activity and
Manager ' resources, quality management and rostering
Clinical
Nurse BH 1.0 ACCESS nurse role (1 year rotation)
Educator
Unit/Pod5  Clinical AH 10 Supernumerary
Coordinator ' ACCESS nurse role (Allocated per shift)
20
Clinical BH (1 per6beds) ACCESS nurse role (Allocated per shift
Support AH 2.0 Based on 50-75% of staff with ICU qualifications
(1 per 6 beds)
Notes: 1. Front-line management, education and support roles only

2. Staffing allocation for nurses providing direct care requires nursing ratios based on a

multifactor dependency model that considers number of organs simultaneously
supported by physiological therapies, risk of an adverse event (taking into account
invasive ventilation), planned interventions and routine care requirements scored using a
validated tool.

3. Seven days a week based on business hours (BH) and afterhours (AH) including
weekends

4. FTE allocation PER SHIFT based upon a four pod hot-floor model

5. Pod size based upon 12 beds

6. Clinical Nurse Consultants in Australia are defined as advanced practice nurses that

work with the clinical speciality management teams to provide professional leadership on
quality improvement, education and clinical research (Gardner et al. 2017)
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The hot-floor work environment was characterised by high activity, complexity and occupancy
with staff receiving less support than the conventional ICU. The enhanced operational flexibility
of the model resulted in higher unit occupancy and the hot-floor consistently operating at full
census, and well above recommended occupancy rates in the literature for conventional ICUs.
Though the model was more efficient and did not compromise patient outcomes, the risk of an
adverse event was higher. Furthermore, the impact on staff highlights the need for more clinical,
education and managerial support for bedside ICU nurses. This should be coupled with proactive
management of occupancy though optimal levels for the hot-floor model are not known,
requiring future research to be undertaken to inform organisational policy. Once determined, a
mechanism to control occupancy levels across the hot-floor service as a whole embedded in
policy and health services management, would contribute to an improved work environment
and the welfare of staff and patients. Workforce planning, specific to the size, configuration and
workload of the hot-floor model, along with determining and managing unit occupancy for a
healthy work environment, are the most immediate priorities. While the nursing workforce was
a primary focus in this study, similar workforce and work environment considerations are

required for medical, allied and ancillary staff.

This first study of the hot-floor model provides an insight into areas for future research to inform
the effective management large intensive care services. Addressing the deficit of evidence-
based policy, planning and management guidelines is necessary for the hot-floor model to
realise the assumed organisational benefits and be a solution for the delivery of critical care

services into the future.

6.8 Future research

Next steps in understanding the effect of the hot-floor model on patient and nurse outcomes
includes the need to validate the findings by replicating this study in a larger number of units to
continue to examine the efficiency and effectiveness of the flexible service model in large ICUs.
A national longitudinal prospective study of patient outcomes, further refined by considering
contemporary evidence to expand the suite of outcome measures such as VAP rates, would
provide greater opportunity to control for heterogeneity to better understand any causal effects
of the hot-floors organisational characteristics. Similarly, the instrumentation identified in this

study for surveying intensive care nurses could be applied in a national study to achieve a much
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larger sample for analysis and to provide stronger psychometric validation. Australian intensive
care services are well placed to undertake this research due to ICU service levels being well
defined and ubiquitous. Furthermore, ANZICS and ACCCN provide strong professional leadership
nationally and have established high quality data registries to enable comprehensive data
collections on a broad range of organisational, operational, clinical, workforce and quality

aspects of the ICU.

This study suggested a volume threshold may exist where the benefits of high activity are lost
and the work environment is adversely affected, impacting staff welfare and clinical quality. In
this case this impact was manifested by reduced staff compliance with protocol driven care
compromised by workload. Future research on the associations between high volume, high
occupancy and outcomes in the cohort of complex critically ill patients with high severity of
illness would better target the volume-outcome phenomenon and understand the influence of
unit occupancy. Furthermore, understanding what an optimal level of occupancy looks like in

the hot-floor model is needed to inform future operational policy and planning.

The hybrid triage process of the hot-floor model, with a mixture of closed and open beds, may
be a contributing factor to its high volume and occupancy. Future international studies to
compare the triage mechanisms for ICU in various health settings may unearth valuable lessons
for improving access while controlling volume and occupancy that could benefit units across the
spectrum from closed to completely open models. Given the differences in ICU nurse:patient
ratios between models and healthcare settings internationally, for example a 1 nurse to 1 ICU
patient ratio in Australia, further investigation of clinical staffing models should build on existing
evidence but in the context of the hot-floor in regard to patient throughput, quality and

outcomes.

Quality of care in ICU has been inextricably linked to standardisation of evidence-based practice.
This study indicated that it did afford a degree of protection against adverse effects in the high-
risk environment of the hot-floor but compliance was a key determinant for maximum
effectiveness. Multi-centre studies that explore how work environment conditions specifically
in ICU affect staff compliance could make a major contribution to quality of care and patient

safety. Importantly, investigating how to better balance personalised vs. protocolled critical care
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would inform the current professional debate on how far standardisation should permeate

through clinical practice to optimise patient and staff outcomes.

A core characteristic of ICU is the high workforce resource requirement to support the model of
care. In the conventional ICU workforce requirements including nurse:patient ratios and front-
line management, education and support roles are clearly defined. This is not the case for the
hot-floor and as such provides new opportunities for future prospective observational and
interventional staffing research. The hot-floor reflects the contemporary views on patient
dependency where the level of intensive care required is on a continuum of complexity and
acuity, rather than being classified as either an ICU or HDU patient with nurse:patient ratios of
1:1 and 1:2 respectively. As such a greater range of dependencies and nurse:patient ratios are
being considered. Patient stratification is determined by clinical status but to date in Australia
the uptake and evaluation of dependency tools such as TISS has been limited. Future research
into the barriers to adoption and potential alternatives would provide hot-floor managers
guidance on appropriate staff allocation that is effective, efficient and more readily justifiable
to hospital administrators. Development and testing of a model based on a combination of
factorsincluding the level of physiological support provided, risk of clinical deterioration, nursing
care requirements and planned interventions could provide a quantifiable guide to staffing
across a range of critical care and acute care specialities. Leveraging the lessons of earlier
research on the burden of completion and the proliferation of clinical information and
administrative systems in ICU would be critical for meaningful evaluation application and impact

in the work environment.

Beyond the bedside, this research identified that front-line management, education and support
positions were significantly under resourced in the hot-floor. Like bedside staffing, resourcing of
these roles is clearly defined for the different service levels of the conventional ICU at different
service levels but absent for the hot-floor. This research identified that the hot-floor integrated
service model requires different resourcing considerations for these roles not only to provide
adequate support to clinical staff but also to a whole of service perspective to maximise
operational contingencies. Furthermore, future research into the association between various
management and communication styles, and the practice environment in ICU, would provide
valuable insight into factors, that are known to influence workforce satisfaction in other acute

care environments. This would provide a strong foundation on which to base further research
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on a staffing model that achieves the potential benefits of the hot-floor while maintaining a

healthy work environment for nurses and patients.

Another area of future workforce research would be to undertake interventional studies
involving the proposed ACCESS nurse role in ICU. The lack of clinical support in the hot-floor due
to the resourcing of front-line management and education resources could potentially be
ameliorated by trialling the ACCESS role in accordance with the ACCCN staffing guidelines that
take into consideration the proportion of ICU qualified staff on a shift. Furthermore, the role
may offer a new clinical career path for senior ICU nurses to better retain them in the ICU, by
creating a role with increased scope of practice and autonomy to supplementing formal
education and management roles. As the role of the ICU continues to evolve with greater
outreach and clinical support services the ACCESS nurse could play a pivotal role by providing
immediate operational contingency, enhancing supervision of clinical practice and promoting
clinical quality, while positively influencing staff retention. However, these assumptions are not
tested. Longitudinal evaluation of the impact of this role has on the work environment and staff
turnover, outcomes and associated costs may provide the impetus for its formal adoption in

workforce policy and planning.

Ultimately the hot-floor model strives to optimise patient outcomes by ensuring appropriate
and timely access to definitive critical care in an environment of increasing demand. Future
prospective multicentre research is required to validate the efficiency gains identified in this
study. More importantly investigating what organisational inputs are required to optimise the
model in terms of both efficiency and effectiveness is essential to achieve sustainable high

reliability.

6.9 Conclusion

Improved demand management achieved through greater operational flexibility is a key driver
for the adoption of the hot-floor model. The model can however only be sustained in the long
term if a healthy work environment is maintained and the underlying risk to patient safety and
staff welfare mitigated through appropriate resourcing and workload management. Any gains

made in organisational efficiency need to be balanced with corresponding improvements in the
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work environment to optimise the impact on staff, particularly nurse outcomes and retention

to reduce turnover.

Reduction of the hot-floor’s inherent high level of managed risk through effective operational
mitigation strategies is needed if organisational reliability is to be legitimately achieved and
sustained. Four of the five HRO principles would be better satisfied by enhancing preoccupation
with failure by reducing risk, improving sensitivity to operations through improved situational
awareness of occupancy, promoting commitment to resilience through flexible contingency that
balances patient volume with workload, and promote a reluctance to simplify by ensuring high
quality practice is supported by an appropriately skilled and resourced workforce for a safe and

healthy work environment (Aiken et al. 2013).

Without these factors being addressed the potential organisational benefits will not be
optimised. By aligning the structure, process and outcome factors inherent to hot-floor model,
a new way of working can be achieved that promotes operational agility, responsiveness to

growing demand and creates organisational resilience.
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Objective: To explore the association between patient volume in intensive care units [ICUs) and risk-
adjusted mortality.
Bockground: Large multi-speciality ICUs are emerging in respanse to increasing demand for critical
care. Consolidation of resources through regionalisation of services aims to contain costs and optimise
demand management and operational synergies. Higher patient volumes in ICU have been associated
with improved outcomes. Limited evidence exists, however, to suggest an optimal volume of patients in
terms of risk-adjusted mortality.
Review method: Retrospective integrative literature review.
Date sources: EMBASE, PubMed and Cumulative Index to Nursing and Allied Health Literature electronic
databases.
Inclusion ariterie: Primary studies of risk adjusted mortality in adult ICU patients published between 1995
and 2012,
Exciusion criterie: Studies of admissions following elective procedures.
Results: Twenty quantitative observational studies were induded in this review. Studies were primarily
retrospective with three conducted prospectively. Nine studied mechanically ventilated patients, six
included all admissions to ICU, three reported on patients with sepsis and one study each on patients
post cardiac arrest and those receiving renal replacement therapy. A significant association was evident in
sixteen studies suggesting a loweer risk of adjusted mortality in higher-volume units. The association was
not consistent across all diagnosis. & non-linear relationship observed in two studies noted no mortality
benefit ocourring above a wolume threshold of 450 cases annuoally per diagnostic category and abowe 7 11
cases not specific to a diagnostic group.
Concfusion: Patient mortality may be improved in large capacity ICUs. However, the association is not
consistent across all diagnostic groups. Risk adjusted morality is increased in low volume ICU s There
appears to be a high wvolume threshold at which point the risk adjusted mortality benefit is also lost
suggesting a window of optimal 10U organizational performance exists between low and high volumes.
Further prospective research is recommended into clinical outcomes in high wolume [CUs to explore
association between organisational efficiency and quality of care.

i@ 2014 Australian College of Critical Care Murses Lid. Published by Elsevier Australia (a division of
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Introduction

Internationally the demand for intensive care is growing and
the resources required are significant.! Growth in demand, driven
by increased patient acuity, multiple comorbidities, population
ageing and increasing therapeutic complexity, leads to escalat-

e r ing costs.>” In Australia, for example, during 2009/2010 there

E-matl adiresses: Brett | ADbenhrorh@ sutent 1. e 2, were 124,991 admissions to ICU accounting for 391,600 bed days.?
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At a cost of 54000 (AUD) per ICU day the estimated annual
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expenditure was $1.56 billion® Annual growth in demand com-
pounds costs. In Australia from 2004 to 2010 demand for intensive
care increased four per cent annually while in comparison the
United States demand increased on average by ten per cent annu-
ally between 2000 and 20104

Organisational transformation @n 10U i required to improve
bed utilisation. Simply increasing bed capacity is not sustainable
in terms of both economic and workforce requirements.” A key
demand management strategy is networking between hospitals
for the referral of critically il patients to access definitive care.29
Regionalisation, or consolidation of servicesinto large capacity I0Us
for a defined clinical network or geographic area, is being pro-
gressively adopted in many countries to concentrate resources and
clinical expertise.®'"" small low complexity ICUs are increasingly
being transferred and consolidated within regional or tertiary refier-
ral ICUs. As a result the available resources and expertise are better
utilised, adequate patient wolumes and improved access to defini-
tive critical care is achieved !

Inhospitals with multiple 1OUs. traditionally organssed as segre-
gated clinical units operating in isolatson, services are increasingly
being consolidated into large capacity multi-specialty 1OUs referred
1o as an ICU *hot-floor. " The principal advantages include concen-
tration of resources, a larger and more flexible 101 bed capacity,
standardisation of clinical practice, eficiencies through economy of
scale and enhanced operational synergies across critical care sub-
specialities. ™ Predictions of future service provision suggestthat
ICUs will comprise a much larger proportion of acute hospital beds,
increasing from three to five per cent currently to between twenky
and thirty per cent of beds.?

Thie association between large capacity high patient volume
1CUs and mortality, however, is not well understood and the ewi-
dence to date is inconsistent across diagnostic groups. Early studies,
conducted across a range of countrées in the US, UK and Europe,
sugpested that critically ill patients have better outcomes in high
volume 1CUs with a reasonable oooupancy rate. ™18 1n 1999 it was
observed that larger units reduced average costs through increased
economies of scale and also improved patient outcomes by increas-
ing average volumes of activity by clinicians.™ It was pointed out,
hawever, that there can be no general presumption that larger units
produce better cutcomes for patients and results of early studies
may have suffered from confounding due to heterogeneity of the
U population.

A recent systematic review of thirteen studies to 2010 con-
cluded that outcomes of specific subsets of 1CU patients are better
in high volume 1CUs.*" Meta-analysis was not possible due to the
heterogeneity of the 10U population and variation in the volume
definitions adopted by investigators. The findings conflicted with
some earlier studies and were later refuted in a study of mechamni-
cally ventilated patients. ™ The studies highlighted the inconsistent
associatson that exists between 00 volume and patient mortal-
ity Conflicting study ouwtcomes, non-linearity of the associatson
observed in some studies, and new studies recently conducted in
Finland, United Kingdom, Australia and the United States warrant
further contemporary review of the available literature.

Aim
The aim of this integrative literature review wis to report on the
associatson between patient volume and risk adjusted mortality in

adult 1CUs, explore the non-linearity of association and seeks to
identify an optimal volume-mortality threshold.

Design

The integrative review strategy included a range of research
designs and methods @n experimental, non-experimental,

gualitative and quantitative studies. This broad perspective
enriches the understanding of outcomes measurement throwegh
the application of a systematic synthesis to draw conclusions. =

Search methods

Electronic databases EMBASE, PubMed and CIMAHL were
searched wsing key words: intensive care, critical care, volume,
putcome, quality and mortality. Three defined concepts were inter-
sected using Boolean operators: Concept A - terms related to
intensive care (‘intensive care umit” OR ‘IO OR “critical care');
Concept B - terms related to the size of the IO in regard to
warklpad {*volume” OR “activity'): and Concept C - terms related
to quality of care (‘outcome’ OR ‘mortality” OR ‘guality’). Mog-
tality was the specific outcome of interest and ‘gquality was
inCluded to capture those publications where quality of cane was
the descriptor of the dependant variable. These concepts were
then combined using the Boolean term ‘AND' to capture relevant
studies.

Previous reviews of the volume-mortality association found
limited primary studies undertaken in ICU. Therefore the search
was intenticnally broad and included all available studies published
in English from 1995 to 2002 All study types were considered
including cross sectional, cohort studies, case-control and ran-
domised control trials, Reference lists from retained publications
were manually searched and additional studies identified.

Inchusion criteria required that studies were: (1) conducted in
IOW; (2] involved only adult 10U patients; (3] studied patsent mor-
tality against volume: and (4] included risk adjustment of the
patient population to contral for potential confounding. Studies
were excluded if not available in English, consisted of a review
or editorial or studied paediatric andjor neonatal populations.
Elective procedural sub-populations were alsoexcluded due to pre-
pperative anacsthetic screening for suitability to undergo surgery
and post-operative admission to 0L

Data abstraction

A data abstraction template was used by the principal investiga-
tar to record text and empirical results that related to key concepts
of interest in this review. Two associate investigatars indepen-
dently verified the results summarised in Table 1.

Synthesis

Exploration of key concepts, and interdependencies, related
to patient volume, volume definitions, ICU case-mix, risk adjust-
ment and risk adjusted mortality was undertaken. Methodological
quality and statistical significance was then assessed to determine
validity and generalisability of study results in Table 1.

Quality appraisal

The integrative review methodology employed here does
not support the application of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) for guality
appraizal.* The lack of a standard definition for volume alss pre-
vents the use of PRISMA in this review. ™% Study methodology
was therefore appraised using the Strengthening the Reporting
of Observational studies in Epidemiclogy (STROBE) guidelines.™
STROBE encompasses twenty-two criteria to specifically appraise
reports on abservational and cross-sectional studies.
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Table 1

Study characteristics.
Study Design Patient Studysample  No.I(Us  Riskadjusted Volume Outcome Stat 952050 Sianific.
population definition
Vaaraetal (2012),  Retrospective ICU patients 1558 3 Pt. demographics, Anmual case Hospital
Finland” observational  recelving RRT diagnostics, TISS, volume of RRT  mortality:
mutlicentre SAPSIL, patientsperICU Smallvs.large  OR2.061 150-284 p<0.001
readmission, ICU 1
type, level size Low vs. high OR 1554 115221 <0005
volume
Med. vs. high 0R1377 103-184 p<0030
volume
Shahin and Retrospective  Patientswith 7 170 Pt. demographics, No.admissions  Hospital
Harrisan (2012), observational  severe sepsis diagnostics, with severe sepsis - mortality:
UK mutlicentre APACHEL perunitperyear  Non-ventllated  OROS1 077-106 p=048
readmissions, [CU Mechanically OR032 079107 nfs
type, level size ventilated
0R0S2 079-108 nfs
Moran and Retrospective AU 208810 136 Pt. demographics, Annualised Hospital OR126 1060-150  p=0009
Solomon(2012),  observational  admissions diagnostics, APACHE patientvolume  mortality per
Australia” mutlicentre 11l admission status perlcl volume decile.
readmissions, Results
martality, ICU type, comparing first
level, size decile with last
significant
Cookeetal. (2012),  Retrospective All ventilated 5131 119 Pt. demographics, No.admissions ~ 30-day OR0S8 087-1.10 nfs
158 observational non-surgical diagnastics, VA with mortality,
mutlicentre patients prognositc score, mechanical 50-patient
APACHE NI, ICU type, ventilation (1 increase in
level, size year) volume
Bssociated with
2% decrease
inodds of
mortality
Gopaletal. (2011}, Retrospective All ventilated 17132 14 Pt. demographics, Meanno. Mortality ORLN 091-135 p=0297
I8 observational patients diagnastics, LOS, ventilated folowing 24h nfs
‘mutlicentre APACHENIl admission ~ patients per ormore
status, ICU type, level,  ICU ventilation
size
Reinikainen et al Retrospective Patients with 452 u Pt. demographics, No.ICU beds 1CU, hospital OR236(inverse)  1.19-468 p=0014
(2010}, observational  severe sepsis diagnostics, TISS, and | year
Finland® mutlicentre SAPSIL mortality, ICU mortality
type, level size
Darmen et al. Retrospective  All ventilated 179,197 294 Pt. demographics, No.ventilted ~ Hospital OROS93 0993-0999  p=00001
{2010, France®  ohservational patients diagnastics, SAPSII, patients mortality
mutlicentre admission source, annually per
mortality, LOS hospital
Metnitz etal. Prospective AllCU 83259 169 Pt. demographics, Admissions per ~ Hospital OR0G7 096-098 <005
(2009), Austria  observational admissions diagnastics, TISS28, bed and mortality
mutlicentre SAPSIL mortality, LOS,  diagnoses per
10U activity bed annually
Carretal (2008),  Refrospective  Postcardiacamest 4764 » Pt. demographics, CGardiacamest ~ Hospital
15® ohservational  admittolCU diagnastics, admissions martality:
mutlicentre APACHEIN, annually <20 OR1.00 Not stated nfs
admission source, -4 OR0.7B 055111 nfs
10S, mortality, ICU 1550 0RO 045111 nfs
type, level, activity 50 OROG2 045086 <00

POE-25E (FLOZ) 22 200D J0O0LD UDNOSITY /] D 318 HS0IGUIGaY '

(=543
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Table 1 (Continued)

Study Design Fatient Studysample  NoICUs  Risk adjusted Volume CQutcome Star g5 Sianific
population (efinition
Kahnetal. (2008),  Retrospective  Allventilated 180976 1 Pr. demographics, Annual Inhospital OROT7  Notstated p=00
I abservational medical diagnastics, Charlson admissionsper ~ motality
mutlicentre patients morbidity index, LOS, ICU (1 year)
mortality, 10U type,
activity
Linet al. (2008), Retrospective ~ Ventilated 749 s Pt. demographics, Meancaseload  Hospital 0R049 045093 pe000t
Tawan™ abservational haematology diagnastics, Charlson byICU martality (low
mutlicentre patients Index, LOS, martality, physician vol-
10U type, activity ume=decreased
survival)
Lecuyeretal, Retrospective Ventilated 1753 B Pt. demographics, Annual number — 1CU mortality ORO%S  (097-098 =000
(2008, L= abservational haematalogy diagnastics, SAPSII, of haematalogy
mutlicentre patients 108, mortality, ICU patients per
type, activity unit
Peelenetal.(2007),  Retrospective Patients with 4605 B Pt. demographics, Annual number 10 and ORO9% (085510 <005
Netherlands ™ observational  severe sepsis diagnostics, APACHEIL,  of patients hospital
mutlicentre SAPSIL SIRS, With sepsis martality
readmissions,
mortality
Needham et al Retrospective Allventilated 20219 126 Pt. demographics, Meannumberof ~ 30-Day
{2006), Canada” abservational admissions diagnastics, ventilation morality:
mutlicentre Charlson Index, epsiodesper  Medical 0ROS 050099 <005
admission saurce, hospital patients
mortality, 10U type, Surgical Rt 0810 nfs
ativity patients
Kahnetal (2006),  Prospective Allventilated 0241 1] Pt. demographics, Total hospital ICUand OROGE 052083 <005
1" observational ~ medical ICU diagnostic APACHEN,  patients hospital
mutlicentre admissions readmission, mortality,  annually martality
10U hospial type, size,
activity
Clanceetal Retrospective AllICU admissions 7057 92 Pt. demographics, All patient Hospital
{2006),U5 ohservational diagnastic, SAPSI, admitted annually - mortalty:
mutlicentre teadmission, All patients s Not stated nfs
martality, ICU type, Severelyill OROTT  Notstated <005
s ; . e activify : :
Durzigjetal Retrospective  Medical ICU 465 4 i demugrqplucs‘ Low, mediumand  Hospita
(2003), 15" observational ~ adrmissors diagnostics, highvolume (s mortaliy:
mutlicentre APACHEI, All patients s
admission source, Gl patients HROGS  054-08% <005
108, mortality, ICU Respiratory HROT7  059-099 <005
type, activity patients
lapichinoet al Prospective Ay 12615 8 Pt demographics, No.ofpatients ~ Hospital R0y 08509 <00
(2004), Furope™  observational admissions diagnostics, SAPSII, per bed per mortality
mutlicentre admission source, [0S, year
martality, ICU type,
ativity
jonesandRowan  Retrospective  ANICU admissions 8796 5 Pt demographics, Toialpatients Hospital
(1995), U observational diagnostcs, almitedper  monality:
mutlcentre APACHE, witfotal daysfor  Nonsurgial — OR-033  -0B4t0-007  nfs
admission source, study Surgical OR-051  -0T5to-015  nfs
108, mortality, ICU period=average
type, activity daily volume

Abbreviations: Pt patient; RRT: renal replacement therapy; TISS: Therapeutic Intervention Scoring System; SAPS: Simplified Acute Physiology Score; LOS: length of stay; APACHE: Acute Physiology and Chronic Health Evaluation

(score); CI: confidence interval; SD: standard deviation; OR: odds ratio; HR: Hazard Ratio; njs: not significant.
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Results
Search outcome

A total of 94 studies were retained from the initial search with
72 excluded following abstract review. Of the remaining 22 articles
a further two studies were excluded due to one study being on the
impact of ICU coccupancy and the other a study of patient outcomes
related to the intensity of care received in closed vs. open medi-
cal staffing models2** Twenty studies in total were retained as
described in Fig, 1.

The studies reported on a combined total of 1,012,783 patients
in 2843 ICUs from a broad range of countries including the United
States, United Kingdom, France, Austria, Finland, Taiwan, Canada,
The Netherlands and Australia, All were large chservational quanti-
tative multicentre studies conducted at a national or international
level,

Three studies were prospective and the remaining seventeen
WeTe retrospective cross sectional cohort studies, Five studies were
conducted on all consecutive ICU admissions, '570-3F seven stud-
ied solely ventilated patients®7223%3C three studied patients
with severe sepsis 8267 and two studied critically ill haematol-
ogy patients.*** Also included was one study each on all medical
patients, patients post cardiac arrest and patients receiving renal
replacement therapy as summarised in Table 1154041

Srudy quality

In summary, all studies were multicentre with large sample
sizes conducted at a national or international level across a broad
range of countries. Electronic clinical registries and administrative
databases were used with the study design, setting, participant
eligibility criteria and variables measured clearly defined,

A majority of studies were retrospective observational stud-
ies inferring that there may be a risk of potential confounding
and the inclusion of consecutive ICU admissions in a majority of
the studies may have introduced recruitment bias. However, while
sample size calculations were not described, potential study lim-
itations were countered by large samples sizes ranging from 452
to 208,810 patients, multicentre design, matching of ICU service
levels and the application of risk adjustment control measures.
Wariation in volume definition, time that mortality was measured,
patient heterogeneity and differing study methods prevented a for-
mal meta-analysis from being undertaken.
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Fig. 1. Flow dizgram of study sefiection strategy.

Patient heterogeneity requires control for severity of illness,
diagnosis, age and gender to ensure reported mortality outcomes
account for the risk profile of different patient cohorts to min-
imise confounding and increase generalisability of results. 2 All
studies applied risk adjustment to the study population then used
multiple logistic regression models to generate adjusted mortal-
ity in relation to volume. All studies stratified patients according
to demographic characteristics, diagnosis and admission scurce,
including readmission to [CU to further control for sample varia-
tion. At the organisational level ICUs were stratified in relation to
academic affiliation, service level and complexity, size (number of
beds), activity, and in a majority of studies rural vs. metropolitan
locations.

Three studies estimated the intensity of the care being pro-
vided using the Therapeutic Intervention Scoring System (TIS528)
to improve comparators. The Simplified Acute Physiology Score
(SAPSIT) was used in eight studies, Acute Physiology and Chronic
Health Evaluation (APACHE)1and 11l in eightstudies. and the Charl-
son Morbidity Index in four studies to control for severity of illness
and estimate probability of mortality,

Results reported both unadjusted estimates and confounder
adjusted estimates with precision of the estimate indicated with
confidence intervals, Study limitations were reported and the gen-
eralisability of results was clearly established.

Maortalfty outcome

The definition of mortality as the primary outcome measure var-
ied considerably encompassing mortality occurring in ICU, hospital
mortality, 30-day mertality and mortality at one year. Despite the
different mortality definitions used, sixteen of the twenty stud-
ies reported a significant association, though not uniformly, across
all patient sub-groups, High risk, complex and mechanically venti-
lated patients demonstrated the greatest mortality benefit in high
volume ICUs,

A majority of the studies revealed the odds of death to be
less than one for higher volume ICUs and an inverse associa-
tion between volume and mortality for smaller volumes, One
study reported a significant mortality risk reduction in all medi-
cal ventilated patients of 3.4% (p=-0.04) and another reported that
high-volume hospitals had lower mortality, relative to low-volume
hospitals, among sicker patients (APACHE 11 score » 57 )in the respi-
ratory cchort (Hazard Ratio, 0.77; 95% O 0.59-099) and the Gl
cohort (Hazard Ratio, 0,67; 05% CI 0.53-0.85),153

Adjusted mortality rates remained lower in higher volume cen-
tres in three studies of all consecutive severely ill ICU admissions
undertaken by Glance et al. (OR 0.77, 95% C1 not stated, p<0.03),
lapichino et al, (OR 097, 95% CI0.95-099; p<0.05) and Metnitz
et al. (OR 0.97, 95% C1 0.96-0,98; p< 0,05). 63032

Reduced mortality was repeatedly demonsirated in high volume
centres for ventilated medical patients 517353547 These results
were refuted, however, ina more recent Australian study of 208,810
ventilated patients which found no progressive decline in mortal-
ity across an annual volume range from 12 to 932 patients. ™ The
mortality odds ratio was however significantly higher between the
last volume decile (801-932 patients) in the series (OR 1,26, 05% (1
1.06-1.50: p=0.000) and the first volume decile (12-101 patients)
(OR 1.053,95% C10.94-1.179; p- 0.374) 3

An association between high patient volumes and mortality was
reported for haematology patients in two studies with reduced
mortality odds ratios {OR 0.98, 95% C10.97-0.99; p-0.002) and {OR
0.49, 95% Cl 0.45-0,53; p«0.001)782 Patients with severe sepsis
were also found to benefitin two studies demonstrating decreased
mortality with increased volume (OR 0997, 05% {1 0.955-1.0;
p<005) and inversely with increased mortality associated with
decreased volume (OR 2 36, 95% (1 1.19-4 68; p - 0.014).'537 While
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one study found a mortality benefit where there was greater than
fifty post cardiac arrest admissions to ICU annually (OR 062, 5%
Cl 0.45-0.86; p=0.01}*" Higher mortality was also observed in
patients on continuous renal replacement therapy in low volume
ICUs {OR 1.504, 05% (1 1.15-2.21; p< 0.005)41

Results were mixed across patient sub-groups within individual
studies, While medical ICU admissions, for example, were ohserved
to have reduced mortality (OR 0.94, 95% C1 0.90-0.99; p<0.05) sur-
gical admissions did not demonstrate a significant reduction in
mortality (OR 1.01, 95% C1 0.92-1.111** Increased severity of ill-
ness was a typical characteristic of patient sub-groups with reduced
mortality and higher patient volumes.

Lastly, there were four studies which initially observed a signif-
icant association between volume and mortality across all patients
admitted to ICU22257139 Eollowing risk adjustment, however,
the association was no longer significant, This may have been
attributable to patient heterogeneity and the use of administrative
datasets.

Discussion

Since the late 19705 measuring and understanding the asso-
ciation between volume and patient outcomes in the delivery of
health services has been the focus of much research, An early semi-
nal study vndertaken in 19790 concluded that higher volumes of
procedures should be pursued through regionalisation of services
into high volume services.* Progressively this principle has been
adopted within the ICU envircnment, resulting in the consolida-
tion of services to achieve a critical mass of patients to improve
quality Igfcare, efficiency and ultimately reduce associated service
costs,”

Large consolidated 1CUs with high patient volumes typically
manage the most complex and severely ill patients. In these ICUs
mortality may be reduced by volume in some patient sub-groups. 12
While mortality is the primary outcome of interest it is worth not-
ing that secondary exposures have also been found to have an
inverse association with mortality including the presence of inten-
sive care specialists and nurse to patient ratios in the [CU,7- 1822

Interpreting the association is complicated by various defini-
tions of volume wsed including annual volume per ICU, average
annual volume, average daily volume, annual volume per bed, diag-
nostic volume and average case load by physician, Despite this
lack of consistency significant volume-mortality associations were
found across the range of volume definitions applied in the studies.
The validity of associations observed across studies with different
volume definitions is supported by a study undertaken in 2000 of
246,051 patients in 268 hospitals over a thirteen-year period which
concluded that volume-putcome analysis is similar regardless of
how volume is defined.**

Itwas evident from this review that critically ill patients are best
managed in ICUs where the most complex, high risk and severely ill
patients are concentrated for treatment, This observation is based
on the higher severity of illness observed in high volume ICUs
and lower mortality,!>15.7033 The assumption that high risk ven-
tilated and/or complex patients are best managed in high volume
ICUs underpins the requirement for consolidated larger ICUs with
sophisticated infrastructure, technology, clinical support services
and expertise.'" =% This is reflected in the criteria used to strat-
ify and classify the level of an 1CU according to internal resources,
infrastructure, organisational model and the level, and availabil-
ity, of support services such as medical imaging and pathology to
support the management of complex critically ill patients,**7

One factor that may explain improved patient outcomes is
the impact on the caseload of medical staff. In a large retro-
spective study involving over 87,000 ICU patients suffering from

pneumonia, the mortality of patients managed by high volume ICU
physicians was found to be half that observed in low volume ICU
physicians{0R 0.49; 05% C10.45-053; p< 0,001} Thisis attributed
to increased physician experience, enhanced clinical training and
the adoption of evidence based standardised clinical practice in an
environment with concentrated resources and systematised orga-
nisational processes 548

The association between low volume [CUs and worsening mor-
tality may reflect smaller ICUs not having the same level of access
to sophisticated technologies and expertise thereby compounding
maortality rates, 'S Smaller ICUs have also been shown, in general,
to have a longer average length of stay per patient when compared
to high volume 1CUs *7 Baseline staffing levels and infrastructure
are required for safe delivery of care, Based on the cost of an aver-
age 1CU bed day it might be conduded that low volume ICUs are
less cost effective than high volume ICUs when considering patient
throughput.

‘While this review found a statistically significant association
between higher volume ICUs and improved mortality, in some
patient sub-groups, it is important to consider all organisational
characteristics of the ICU when interpreting study outcemes. In
particular, the presence of a High Dependency Unit (HDU) was sig-
nificantly associated with higher mortality within a hospital {OR
1.261; 95X CI 0.990-1,680; p-0.006)."% An HDU provides a step
down service for [CU and caters for critically ill patients with lower
complexity and risk that donot require a 1 patientto 1 nurse ratio.**
‘While there is no explanation for this asseciation it could be due
te a higher level of patient severity requiring transitional care in a
HDU or due to the emergence of non-invasive ventilation allowing
maore complex critically ill patients to be managed in non-1CU areas
such as HOU.

Higher risk adjusted mortality has been observed in ICUs with
medical cover provided by intensive care medical trainees (OR
1.43; p=-0.0007.'"° While no explanation is forthcoming it could
be proposed that intensive care medical trainees work in univer-
sity accredited tertiary ICUs which attract more complex patients
through clinical referral networks. This may infer that a critical
mass of severely ill and complex patients is required to support
intensive care medical fraining programmes.

Increased mortality was also observed to be associated with high
occupancy (OR 1324; 5% C1 1.133-1.548; p<0.05).™ While this
appears to counter the high volume-low mortality theory. itinstead
relates to the intensity of care, or number of beds in an ICU occu-
pied by patients, at any one time impacting on staffing, resources
and infrastructure, High volume rather refers to the number of
consecutive patients through an 1CU bed over a defined period,

Of note is the prospective study of 83,259 consecutive admis-
sions across 169 ICUs which concluded there is a significant
association between ICU volume and risk adjusted mortality (OR
0,96, 95% (10 .956-0.979; p< 0,05} Specifically the study found that
higher volume was associated with reduced mortality and higher
patient to nurse ratio was associated with higher mortality, 2

A nen-linear “IF shaped correlation has also been observed
indicating there may be a low and high volume threshold sugzest-
ing a window of optimal organisational performance 253237 While
risk-adjusted mortality may decrease in patients within the same
diagnostic category as volume increases, it has also been observed
that after a certain annual volume is reached (n-450 cases)
there is no further mortality benefit.** This non-linearity was also
observed in a study of 30,727 patients across all patient sub-groups
in 170 ICUs in the United Kingdom, however, no upper volume
threshold was specified 2 An Australian study identified a high
volume threshold of 711 patients (OR 0.84; 05% C1, 0.76-0.92) after
which no improvements in mortality were observed, While there
may be no benefit to mortality observed above a certain volume
threshold there may be secondary detrimental effects associated
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with organisational fatigue.*® In particular increased medical and
nursing workload has been reported repeatedly to be associated
with worse outcomes.®50 Explanations for this include less
time for each patient, fewer hygienic measures, more infections,
and increased adverse events as care processes break down,
Regionalisation of ICU services is resulting in the emergence
of large capacity multi-specialty hot-floor ICUs with typically high
patient volumes *8 2" The high volume threshold sugzested in some
studies highlights the need to closely consider structural factors of
these organisations particularly around staffing models to manage
wiorkload. Though under pressure to contain costs, nurse to patient
ratios remain relatively constant in 10U, There is, however, a risk
that patient to senior ICU Doctor ratios in 10U may not keep pace
with growth in capacity and patient volume, and is further com-
pounded by the increasing complexity of critically ill patienes, #1-53

Conclusion

It is evident that there is an association between the volume of
patient sub-groups treated in 10U and risk adjusted mortality, Stud-
ies sugpest patients with higher severity of illness benefit most, A
lack of consistent findings across different patient types suggests
other factors need to be considered in addition to volume, in par-
ticular structural characteristics of the organisation such as staffing
madels.

The relationship between velume and mortality is not entirely
linear with low and high thresholds observed at which the vol-
ume mortality relationship reverses. This ebservation is central to
understanding the impact of alternative ICU organisational mod-
els on patient outcomes and infers that bigger ICUs may be better
but only to a volume threshold. Prospective studies are required to
explore this phenomenon further toinform future health policy and
capital planning for new and redeveloped intensive care services.

Limitations

This review was limited by varying definitions of volume and the
timeframes applied to patient mortality measures, however, it was
possible to describe the volume-mortality association that exists
in ICUs with different levels of clinical activity. A further limitation
was related to a majority of studies being retrospective thereby
limiting the ability to control for confounding in the 1CU popula-
tion which has a high heterogeneity. Furthermore the pooling of
different ICU patient sub-groups studied may confound results.
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2. Quality management review studies

(Page 1 of 5)

Author Year Country > o
Duke et al. 2013 Australia 1
Kasza et al et al. 2013 Australia
Gabrielle et al. 2013 Brazil 1! 1 1 1
Hulscher et al. 2013 Netherlands 1 1 1
Ahmed et al. 2013 us 1
ACHS 2012 Australia 1 1 1 1 1
Vander Voortetal. 2012 Netherlands 1 1 1 1 1 1 1 1
Flaatten et al. 2012 Norway 1 1 1 1 1 1 1 1 1 1 1 1 1
Scottish ICS 2012 Scotland 1 1 1 1
Rhodes et al. 2012 UK 1 1 1 1 1 1 1 1
Whittle et al. 2012 UK 1 1 1 1 1 1 1 1
Note: 1. Adverse Event 11. Sedation Score
2. Unplanned Extubation 12. Glycaemic Control
3. Ventilation Duration 13. Patient Falls
4. Ventilator Associated Pneumonia 14. Length of Stay
5. Central Line Associated Blood Stream Infection 15. After-Hours Discharge
6. Venous Thromboembolism Prophylaxis 16. Discharge Delay
7. Catheter Associated Urinary Tract Infection 17. Unplanned Readmission
8. Stress Ulcer 18. Failure to rescue
9. Pressure Ulcer (Injury) 19. ‘1’ = quality management strategy studied

10. Pain Score
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Quality Management Reviews (cont’d.)

Author Year Country
+ a 2 o g £ ﬁ . . o

» 8 & £ 3 £ 5§ 2 2 2 g 8 & 2 & 8 &8 3z 2 8 5 £
Asha et al. 2011 Australia 1
Morton et al. 2011 Australia 1 1 1
Langley et al. 2011 Sth. Africa 1
Blegen et al. 2011 us 1 1 1
Garland et al. 2011 us 1
Halpern et al. 2011 us 1
Hart etal. 2011 us 1 1 1
Howell et al. 2011 us 1
Loan et al. 2011 us 1 1 1 1
Render et al. 2011 us 1
Stephens et al. 2011 us 1
Asha et al. 2011 Australia 1
Morton et al. 2011 Australia 1 1 1
Langley et al. 2011 Sth. Africa 1
Blegen et al. 2011 us 1 1 1
Twigg et al. 2010 Australia 1 1
Meyer et al. 2010 Canada 1 1 1 1 1 1 1
Braun et al. 2010 Germany 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Antonelli et al. 2010 Italy 1
Carpuzzo et al. 2010 Italy 1
De Vos 2010  Netherlands 1
Liang et al. 2010 Taiwan 1 1 1 1
Hariharan et al. 2010 UK 1
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Quality Management Reviews (cont’d.)

. 73 — . )
Author Year Country u 5 E E g E g a 2 2 A o] a é g 3 83 E g o] 5 E
Dubin et al. 2010 us 1
Krapohl et al. 2010 us 1 1
Nguyen et al. 2010 us 1 1 1 1
Penoyer et al. 2010 us 1 1
Singer et al. 2010 us 1 1
Alakokko et al. 2009 Finland 1
Hutchings et al. 2009 UK 1 1 1
West et al. 2009 UK 1 1
Glance et al. 2009 us 1 1
Lott et al. 2009 us 1 1
Murphy et al. 2009 us 1
Thornlow et al. 2009 us 1 1
Zimmerman et al. 2009 us 1
Willis et al. 2008 Australia 1 1 1 1
Kiekkas et al. 2008 Greece 1
Rothen et al. 2008 Switzerland 1 1 1 1 1 1
Aiken et al. 2008 us 1 1
Cho et al. 2008 us 1
Hearld et al. 2008 us 1 1
Love et al. 2008 us 1 1 1 1
MacDaffitt et al. 2008 us 1 1
Pronovost et al. 2008 us 1 1 1 1
Sales et al. 2008 us 1
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Quality Management Reviews (cont’d.)

. 73 — . )
Author Year  Country e 5 E E g E % 2 2 2 A o] & é §J 3 é E g 8 5 E
Smith et al. 2008 us 1 1 1
Treggarri et al. 2008 us 1
Wolf et al. 2008 us 1 1 1
Bellomo et al. 2007 Australia 1
Hubert et al. 2007 France 1 1
De Vos et al. 2007  Netherlands 1 1 1 1 1 1 1 1
Berenholtz et al. 2007 us 1 1 1
Kane et al. 2007 us 1 1 1 1 1 1
McMillan et al. 2007 us 1 1 1 1 1 1 1 1
Nathanson et al. 2007 us 1
Pyle et al. 2007 us 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Stone et al. 2007 us 1 1 1 1 1
Truog et al. 2007 us 1
Norena et al. 2006 Canada 1 1
Numata et al. 2006 Canada 1
Tourangeau et al. 2006 Canada 1
Levin et al. 2006 Israel 1
Curtis et al. 2006 us 1 1 1 1 1 1 1 1 1
Hampton et al. 2006 us 1 1 1 1 1 1
Maurer et al. 2006 us 1 1 1 1 1
Rivard et al. 2006 Us 1 1 1 1 1 1 1
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Quality Management Reviews (cont’d.)

. — _ . o

Author Year Country bre 5 E E g E % 2 z 2 a 3 & é §J § é E g 3 g E
Stockwell et al. 2006 us 1 1 1 1 1 1 1
Duke et al. 2005 Australia 1 1 1 1 1 1
Estabrooks et al. 2005 Canada 1 1
Kazanjian et al. 2005 Canada 1
Terblanche et al. 2005 Canada 1 1 1 1 1 1 1 1 1 1 1 1
McCloskey et al. 2005 New Zealand 1 1 1
Flaatten et al. 2005 Norway 1 1 1
Lankshear et al. 2005 UK 1 1 1 1 1
Afessa et al. 2005 us 1 1 1
Dimick et al. 2005 us 1
Donaldson et al. 2005 us 1 1
Dowdy et al. 2005 us 1 1
Garland et al. 2005 us 1 1 1
Hass et al. 2005 us 1 1
Houser et al. 2005 us 1 1 1
McConnell et al. 2005 us 1

TOTAL 31 10 10 16 18 15 5 7 21 7 4 5 10 60 12 28 8 6 5 6 13 11
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3. ICU outcomes and unit level measures

(Page 1 of 14)

Quality Indicator: Unplanned Extubation (UE)

Author Study Design Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
(n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD o

Ismael et al. pcct 67 Yes ICU Nursing Shift (Night) Unplanned Extubation 63.64% n/s <0.05
2013, Egypt (n=1)
Agamez et al. ROS? 1133 No ICU Sedation Management Unplanned Extubation 1.8% n/s <0.05
2013, Spain (n=1) Protocol/Scoring
Cho et al. ROS 118 No ICU Nursing Shift (Night) Unplanned Extubation X2=61.52 n/s =0.001
2012, Korea (n=1)
Chen et al. POS3 203 No ICU Nurse Staff Ratio Unplanned Extubation OR 2.26 0.12-0.57 =0.001
2012, Taiwan (n=2)
Liu et al. PCS4 1358 No Acute Nurse Workload Unplanned Extubation r=0.028 n/s =0.02
2012, Taiwan (n=21)
Jarachovic et al. PCHS5 190 No ICU Weaning Protocol Unplanned Extubation B=0.66 n/s =0.02
2011, US (n=1) Compliance
Thille et al. POS 340 Yes ICU Staff Training Unplanned Extubation n/s n/s <0.05
2011, France (n=1) (ETT Fixation)
de grout et al. PCC 370 No ICU Sedation Management Unplanned Extubation OR 15.2 1.96-117.89 <0.01
2011, (n=1) Protocol/Scoring
Netherlands
Change et al. RCC® 42 Yes ICU Nursing Shift (Night) Unplanned Extubation 76% vs. n/s =0.00
2011, Taiwan (n=11) 23.8
Chen et al. ROS 539 Yes ICU Weaning Protocol Unplanned Extubation OR 2.69 1.59-4.58 <0.001
2010, Taiwan (n=1) Compliance )
Curry et al. 2008, ROS 31 No ICU Restraining Protocol Unplanned Extubation X2=17.06 n/s <0.001
us (n=1) Nurse Experience (<5yrs) Unplanned Extubation X2=20.26 n/s =0.002
Chang et al. RCC 300 No ICU Restraining Protocol Unplanned Extubation X2=21.79 n/s <0.001
2008, Taiwan (n=1)

1. Prospective case control

2. Retrospective observation study

3. Prospective observation study

4. Prospective cohort control study

5. Prospective cohort study

6. Retrospectiv

e case control
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Quality Indicator: Ventilation Duration (Vent.)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD a

van der Veer et al. CRT’ 25,552 No ICU Communication & Reduced Ventilation HR 0.94 0.76 —1.15 > 0.05
2013, Netherlands (n=30) Training Strategy Duration

White et al. POS 1,405 No ICU Multidisciplinary Team Reduced Ventilation x -0.83 -1.86-0.20 <0.01
2011, Australia (n=2) Duration

Rose et al. PCS 586 No ICU Nurse Staffing not 1:1 Increased Ventilation ORO0.4 0.1-1.0 < 0.05
2011, Canada (n=586) Duration (Weaning Failed)

Singer et al. RCS 227 Yes ICU High Intensity ICU Reduced Ventilation HR 1.66 1.18 -2.32 =0.04
2010, US (n=1) Duration

7. Cluster randomized trial
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Quality Indicator: Ventilator Associated Pneumonia (VAP)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results

Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD o
Subramanian et al. P1S8 71 n/a ICU Education Program VAP Bundle Compliance t=21.41 n/s <0.001
2013, Malaysia (n=1) Increased
Lim et al. RIS® 27,125 No ICU Process Checklist VAP Reduction Pre X =176 n/s <0.001
2013, Taiwan (n=1) Post X =56
Raurell et al. RCC 140 No ICU Education Program VAP Reduction 68% n/s <0.05
2012, Spain (n=1)
Blot et al. ROS 2585 No ICU Nurse Staffing Ratio VAP Reduction  (1:1) 9.35% n/s =0.003
2011, US (n=27) (nurse :patient) (1:2) 25.7%
Berenholtz et al. PCS 550,800 No ICU Safety Program VAP Reduction IR0.51 0.41-0.64 <0.05
2011, US Vent. Days (n=112)
DuBose et al. PIS 1,147 Yes ICU Process Checklist VAP Reduction X =-6.65 -9.27-4.04 =0.008
2010, US (n=1)
Bingham et al. 2010,  PIS 100 Yes ICU Education Program VAP Incidence n/s n/s n/s
us (n=1) (No Change pre / post)
Zaydfudim et al. RIS 1,300 No ICU Compliance Dashboard VAP Reduction Pre X =15.2 n/s =0.01
2009, US (n=1) Post X =93
Khan et al. PIS 582 Yes ICU Education Program VAP Reduction 28% n/s =0.11
2009, Pakistan (n=1)
Johnson et al. 2009, RIS 805 Yes ICU Multidisciplinary Rounds VAP Reduction 32% n/s =0.04
us (n=1)
Faruqui et al. ROS 4551 No ICU Process Checklist VAP Reduction 71% n/s <0.05
2009, US (n=1)
Prospero et al. 2008, PCC 185 Yes ICU Infection Control VAP Reduction RR0.61 n/s =0.049
Italy (n=1)

8. Prospective intervention study 9. Retrospective interventional study
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Quality Indicator: Central Line Associated Bloodstream Infection (CLABSI)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results

Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD a
Palomar et al. PIS 501,296 No ICU Safety Program CLABSI Reduction RR 50%) 0.39-0.63 <0.001
2013, Spain CVL Days (n=192)
Hong et al. PIS 104,695 No ICU Safety Program CLABSI Reduction 39% n/s <0.05
2013, US CVL Days (n=17)
Cherifi et al. PIS 18,467 No ICU Safety Program CLABSI Reduction IR 0.49 0.24-0.98 =0.043
2013, Belgium CVL Days (n=5)
Marsteller et al. RCT 63,180 Yes ICU Safety Program CLABSI Reduction IR0.19 0.06 -0.57 =0.003
2012, US CVL Days (n=45)
Lin et al. RCC 61,665 No ICU Safety Program CLABSI Reduction 61% n/s n/s
2012, US CVL Days (n=20)
Richardson et al. PIS 21,180 No ICU Nurse Leader CLABSI Reduction 100% n/s n/s
2012, US CVL Days (n=1)
Terradas et al. PIS 375 No ICU Safety Program CLABSI Reduction OR 4.32 1.81-10.29 <0.05
2011, Spain CVL Insertions (n:l)
Cherry et al. PIS 813 No ICU Credentialing Program CLABSI Reduction 35% n/s =0.015
2011, US CVL Insertions (n:l)
Burrell et al. PIS 10,890 No ICU Process Checklist CLABSI Reduction RR 0.5 0.4-0.8 < 0.004
2011, Australia CVLInsertions (n=37)
Yacopetti et al. PCC 368 No ICU Procedure Staff CLABSI Reduction 84% n/s =0.04
2010, Australia CVLInsertions (n=1)
Parra et al. PIS 22,243 No ICU Education Program CLABSI Reduction 30.9% n/s =0.03
2010, Spain CVL Days (n=3)
Rosenthal et al. PIS 53,719 No ICU Education & Feedback CLABSI Reduction RR 0.46 0.33-0.63 <0.001
2010, India (n=86)
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Quality Indicator: Central Line Associated Bloodstream Infection (CLABSI)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD a

DePalo et al. PIS n/s No ICU Safety Program CLABSI Reduction 74% n/s =0.0032
2010, US (n=23)
Peredo et al. PCHS 6,868 No ICU Process Checklist CLABSI Reduction RR 36% 0.16 -0.8 =0.015
2010, Spain CVL Days (n=1)
Zack et al. ROS n/s No ICU Nurse Education CLABSI Reduction 66% n/s <0.01
2008, US (n=1)
Kritchevsky et al. POS 2970 No ICU Number of ICU beds CLABSI Incidence 3% n/s <0.05
2008, US Patients (n=50) (Reduction per Bed)
Koll et al. RIS n/s No ICU Safety Program CLABSI Reduction 54% n/s <0.001
2008, US (n=36)
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Quality Indicator: Venous Thrombo Embolism Prophylaxis (VTEP)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD a

Weissman et al. RCHS 277,286 No ICU ICU Occupancy VTE Prophylaxis OR 0.98 0.97-0.98 <0.05
2013, US (n=155) Compliance
Kahn et al. ROS 73,343 No ICU Safety Program (Alert) VTE Prophylaxis RD 13% 0.01-0.25 <0.05
2013, US (n=55) Compliance
Duff et al. PIS 576 No ICU Safety Program (Alert) VTE Prophylaxis 19% n/s =0.02
2011, Australia (Staff) (n=1) Compliance
Tawfiq et al. PIS 560 No ICU Education Program VTE Prophylaxis 37% n/s =0.002
2011, Saudi Arabia (n=1) Compliance
Lily et al. PIS 6,290 Yes ICU Telemedicine VTE Prophylaxis OR 15.4 11.3-21.1 <0.05
2011, US (n=7) Compliance
Morris et al. PIS 224 No ICU Pharmacist Review VTE Prophylaxis RR 0.89 0.79-0.99 <0.05
2010, Scotland (n=22) Compliance
Boddi et al. PIS 290 Yes ICU Education Program VTE Incidence Reduction 61% n/s <0.01
2010, Italy (n=1)
Dabbagh et al. RCHS 105 No ICU Junior Staff VTE Prophylaxis 82% n/s =0.01
2009, US (n=1) Compliance (Reduced)
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Quality Indicator: Catheter Associated Urinary Tract Infection (CAUTI)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD a

Leblebicioglu et al. PIS 4,231 No ICU Safety Program CAUTI Reduction RR 0.53 0.4-0.7 = 0.0001
2013, Turkey (n=13)
Navoa-Ng et al. PIS 3,183 No ICU Safety Program CAUTI Reduction RR 0.24 0.11-0.53 =0.0001
2013, Argentina (n=4)
Kanj et al. PIS 1506 No ICU Safety Program CAUTI Reduction RR 0.17 0.06 -0.5 =0.002
2013, Lebanon (n=1)
Conway et al. POS 415 n/a ICU Large ICU Size CAUTI Prevention Strategy OR 0.52 0.33-0.86 <0.05
2012, US (units) (n=415) Reduced
Fuchs et al. PIS n/s No ICU Process Checklist CAUTI Reduction 49% n/s =0.068
2011, US (n=5)
Rosenthal et al. PIS 56,429 No ICU Safety Program CAUTI Reduction RR 0.63 0.55-0.72 <0.05
2012, Germany (n=57)
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Quality Indicator: Pressure Ulceration (PU)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results

Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD a
Cramesco et al. POS 160 Yes ICU Nurse Workload PU Incidence Reduction 4% n/s =0.148
2013, Brazil (n=1)
Kelleher et al. PIS 180 No ICU Nurse Rounds PU Incidence Reduction 50% n/s n/s
2012, US (n=1)
Strand et al. POS 146 n/a ICU Staff Classification PU Assessment Reduction 41% n/s =0.019
2010, Sweden (nurses) (n=4)
Saperas et al. PIS 480 No ICU Education Program PU Incidence Reduction OR 0.40 0.26 - 0.62 <0.01
2008, Spain (n=1)
Elliott et al. ROS 563 Yes ICU Safety Program PU Incidence Reduction 83% n/s n/s
2008, Australia (n=1)

Quality Indicator: Falls (PF)

No empirical studies specific to ICU. 65 titles initially, external to the ICU environment or post discharge eg. Patman 2011 n=63, 1 alternative nurse resource excluded, 1
qualification related in ICU. Attributed to general ward areas where patients are more readily mobilising independently.

Quality Indicator: Access

Bisbal et al. ROS 3,540 No ICU Admission During ICU Mortality Increased HR 1.10 0.94-1.28 =0.24
2012, US (n=1) Ward Rounds

Howell et al. PIS 1,716 Yes ICU Hospitalist Managed Throughput (time in ED) - 28% n/s <0.0001
2010, US (n=1) Bed Flow (min)
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Quality Indicator: Length of Stay (LoS)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD o

Walker et al. ROS 201 Yes ICU Palliative Care Team LoS Reduction 36% n/s <0.001

2013, US (n=1) (Days)

Kucukarslan et al. RCT 126 Yes ICU Pharmacist Review LoS Reduction X =-25% n/s =0.34

2013, US (n=1) (Days)

Kerlin et al. RCT 1598 Yes ICU Medical Staff (Night) LoS Reduction RR 0.98 0.88-1.09 =0.72

2013, US (n=1)

Ju et al. ROS 2,891 Yes ICU Night Admission LoS Reduction X =-43% n/s =0.011

2013, China (n=1) (Hours)

Zampieri et al. ROS 3,257 Yes ICU Emergency Admissions LoS Increased OR 2.87 1.27-6.51 <0.05

2013, Brazil (n=1)

Danckers et al. PCC 102 Yes ICU Nurse Initiated Protocol ~ LoS Reduction ff_" =_29% n/s =0.01

2013, US (n=1) (Extubation) (Days)

Bhama, et al. ROS 102 No ICU Closed ICU Model LoS Increased X =3% n/s =0.90

2013, US (n=1) (Hours)

Willmitch et al. RIS 24,656 Yes ICU Telemedicine LoS Reduction X =-3.8 3.65-3.94 <0.01

2012, US (n=10) (Days)

Parikh et al. RIS 2,181 Yes ICU Medical Staffing LoS Reduction X =-23% n/s <0.002

2012, US (n=1) (Days)

McNelis et al. PIS 2,117 Yes ICU Telemedicine LoS Reduction X =-54% n/s <0.05

2012, US (n=1) (Days)

Kubler et al. POS 847 Yes ICU HAI Rate LoS Increase CLABSI x =31 3.2-87.7 <0.05

2012, Poland (n=1) (Days) VAP X =86 6.4-56.9 <0.05
CAUTI x =8.1 45-132.6 <0.05

Garland et al. PCC 501 Yes ICU Medical Staffing (Night) ~ LoS Reduction X =-6 n/s =0.46

2012, Canada (n=2) (Hours)

217



Quality Indicator: Length of Stay (LoS) cont’d.

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD o

Emlet et al. PIS 820 n/s ICU Medical Staffing LoS Reduction X =-32% n/s <0.05
2012, US (n=1) (Night) (Days)
Pacheco et al. PIS 1,600 Yes ICU Multidisciplinary Rounds  LoS Reduction 6 =-0.07 n/s =0.01
2011, Brazil (n=1) (Hours)
Lipitz-Snyderman RCC 1,330,484 No ICU Quiality Program LoS Reduction X2 =2.05 n/s =0.56
et al. 2011, US (n=549) (Hours)
Curtis et al. RCT 2,318 No ICU Quality Program LoS Increase HR 0.9 n/s =0.07
2011, US (n=12) (Hours)
Banerjee et al. PIS 3,803 Yes ICU Medical Staffing (Night) ~ LoS Reduction X =-23% n/s <0.05
2011, US (n=1) (Days)
Huang, et al. ROS 2,598 Yes ICU Emergency Admissions LoS Increase OR 1.925 1.46-2.54 <0.05
2010, Taiwan (n=1) (Hours)
Cheung et al. RCT 20 Yes ICU Palliative Care Team LoS Reduction T-. 40% n/s =0.97
2010, Australia (n=1) (Days)
Zawada et al. PIS 5,146 Yes ICU Telemedicine LoS Reduction OR 0.58 n/s =0.001
2009, US (n=3) (Hours)
Kumar et al. RCHS 1,467 Yes ICU Medical Staffing LoS Reduction Iﬁ =-14% n/s <0.001
2009, Netherlands (n=1) (Night) (Days)
Hawari et al. RIS 1,070 Yes ICU Staffing Intensity LoS Reduction Pre X =4.46 3.19-5.33 <0.05
2009, US (n=1) (Days) Post X =263 2.40-2.86
Padilha et al. ROS 200 Yes ICU Nurse Workload LoS Increase X =31% n/s =0.015
2008, Brazil (n=4) (Days)
Szilagyi et al. RCT 36 Yes ICU Dedicated Psychologist LoS Reduction X =-4.2 n/s <0.022
2008, Hungary (n=1) (Days)
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Quality Indicator: Occupancy (Occ.)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD a

Robert et al. PCHS 1,139 Yes ICU High Occupancy Increased Mortality
2012, France (n=10) (Admission Refusal) Admitted vs. Non

admitted .

(28 days) zg; ;3;; n/s =0.07

(60 days) n/s =0.06
Iwashyna et al. RCHS 200,499 Yes ICU Peak Occupancy Mortality Fia,0) = n/s <0.001
2009, US (n=10) (Short Term) 16.39

R?=0.49

Chrusch et al. PCHS 8,693 Yes ICU Discharge due to ICU Readmission RR 1.56 1.05-2.31 <0.001
2009, Canada (n=1) Occupancy
Howie et al. PCHS 619 No ICU High Occupancy HAI Increased Peak X =0.009 n/s <0.05
2008, UK (n=1) (per patient/day) Low x =0.006
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Quality Indicator: Volume (Detailed analysis available at: Abbenbroek, B., Duffield, C.M. & Elliott, D. 2014, 'The intensive care unit volume—mortality relationship, is
bigger better? An integrative literature review', Australian Critical Care, vol. 27, no. 4, pp. 157-64)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD o
Vaara et al. ROS 1,558 Yes ICU Annual case volume of Hospital mortality:
2012, Finland (n=23) renal replacment small vs. large ICU OR 2.061 1.50-2.84 p<0.001
therapy patients low vs. high volume OR 1.594 1.15-2.21 p<0.005
med.vs. high volume OR 1.377 1.03-1.84 p<0.030
Shahin et al. ROS 30,727 Yes ICU No. admissions with Hospital mortality:
2012, UK (n=170)  severe sepsis per unit Non-ventilated ORO0.91 0.77 -1.06 p=0.48
per year Mechanically ventilated OR0.92 0.79-1.07 n/s!
Moran et al. ROS 208,810 Yes ICU Annualised patient Hospital mortality per OR 1.26 1.060-1.50 p=0.009
2012, Australia (n=136) volume perICU volume decile. Results
comparing first decile
with last significant.
Cooke et al. ROS 5,131 Yes ICU No. admissions with 30 day mortality OR 0.98 0.87-1.10 n/s
2012, US (n=119)  mechanical ventilation
(1 year)
Gopal et al. ROS 17,132 Yes ICU Mean No. ventilated Mortality folowing 24 OR 1.11 0.91-1.35 p=0.297
2011, UK (n=14) patients per ICU hours or more ventilation
Reinikainen et al. ROS 452 Yes ICU No. ICU beds ICU, hospital & 1year OR 2.36 1.19-4.68 p=0.014
2010, Finland (n=24) mortality (Inverse)
Darmon et al. ROS 179,197 Yes ICU No. ventilated patients Hospital mortality OR0.998 0.998-0.999 p=0.0001
2010, France (n=294)  annually per hospital
Metnitz et al. POS 83,259 Yes ICU Admissions per bed & Hospital mortality OR 0.97* 0.96-0.98 <0.05
2009, Austria (n=169)  diagnoses per bed
annually
Kahn et al. ROS 30,677 Yes ICU Ventilated medical pts. 30 day mortality RR 3.4% not stated p=0.04
2009, US (n=169) <300 = low
> 300 = high
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Quality Indicator: Volume (cont’d.)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD o
Carr et al. ROS 4,764 Yes ICU Cardian arrest Hospital mortality:
2009, US (n=39) admissions annually <20 OR 1.00 not stated n/s
20-34 OR0.78 0.55-1.11 n/s
35-50 ORO0.71 0.45-1.11 n/s
>50 OR 0.62 0.45-0.86 <0.01
Kahn et al. ROS 180,976 Yes ICU Annual ventilated In hospital mortality OR0.77 not stated p =0.03
2008, US (n=1,170) medical admissions
(1 year)
Lin et al. ROS 87,479 Yes n/s Mean case load by ICU Hospital mortality OR 0.49 0.45-0.53 p<0.001
2008, Taiwan physician (Low volume = decreased
survival)
Lecuyer et al. ROS 1,753 Yes ICU Annual number of ICU mortality OR 0.98 0.97-0.99 P=0.002
2008, US (n=28) haematology patients
per unit
Peelen et al. POS 4,605 Yes ICU Annual number of ICU and hospital mortality = OR 0.997 0.955-1.0 <0.05
2007, Netherlands (n=28) patients with sepsis
Kahn et al. POS 20,241 Yes ICU Total hospital patients ICU and hospital mortality OR 0.66 0.52.083 <0.05
2006, US (n=83) annually
Glance et al. ROS 70,757 Yes ICU All patient admitted Hospital mortality:
2006, US (n=92) annually All patients n/s not stated n/s
Severellyill OR0.77* not stated <0.05
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Quality Indicator: Volume (cont’d.)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD o
Durairaj et al. ROS 43,635 Yes ICU Low, medium and high Hospital mortality:
2005, US (n=44) volume ICUs All patients n/s
Gl patients Respiratory HR 0.68 0.54-0.85 <0.05
patients HR 0.77 0.59-0.99 <0.05
lapichino et al. POS 12,615 Yes ICU No. of patients per bed Hospital mortality OR 0.97 0.95-0.99 <0.05
2004, Europe (n=89) per year
Jones et al. ROS 8,796 Yes ICU Total patients admitted Hospital mortality p=0.37 0.53-0.22 n/s.
1995, UK (n=26) per unit/total days for

study period = avg. daily
volume.
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Quality Indicator

: After-Hours Discharge (AHD)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD a

Ouanes et al. ROS 3,462 Yes ICU After-Hours Discharge Mortality OR 2.5 1.3-4.9 =0.006
2012, France (n=4) (Night)
Santamaria et al. POS 10,211 Yes ICU After-Hours Discharge Mortality OR 1.47 1.05-2.05 <0.05
2011, Australia (n=40)
Laupland et al. RCHS 5,992 Yes National  After-Hours Discharge Mortality OR 1.54 1.12-2.11 = 0.008
2011, France Database
Singh et al. ROS 1,871 Yes ICU After-Hours Discharge Mortality OR 1.38 1.01-1.88 <0.05
2010, Australia (n=1)
Gopal et al. ROS 1,050 Yes ICU After-Hours Discharge Readmission OR 2.75 1.7-43 <0.001
2010, UK (n=1)
Hanane et al. ROS 11,659 Yes ICU After-Hours Discharge Readmission 12.2 vs n/s =0.027
2008, US (n=1) 9.0%
Laupland et al. RCHS 17,864 Yes National  After-Hours Discharge Mortality 12 vs 5% n/s <0.001
2008, Canada Database
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Outcome Measure: Delayed Discharge (DD)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD a

Johnson et al. POS 731 No ICU Delayed Discharge After-Hours Discharge X?=10.6 n/s < 0.005
2013, US (n=1)
Garland et al. POS 2,401 Yes ICU Delayed Discharge Mortality (20hours) OR0.35 n/s =0.002
2013, US (n=1) (48hours) OR 0.56

(72hours) OR0.91

(93hours) OR 1.39
Williams et al. RCHS 1,095 No ICU Delayed Discharge Proportion > 8hours 6% n/s <0.001
2010, Australia (n=1)
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Outcome Measure:

Unplanned Readmission (UR)

Author Study Sample Case Mix Clinical Organisational and Patient Outcome Measurement Results
Design (n) Adjusted Unit Organisational Factor Outcome Variable Statistic 95% CI/SD a

Diya et al. ROS 9,052 Yes ICU Nurse Staffing Readmission X =-0.46 -0.84:-0.09 =0.06

2012, Belgium (n/s) Level/Patient Volume

Brown et al. RCHS 192,202 Yes ICU ICU Level (Tertiary) Readmission OR 1.51 1.12-2.02 <0.05

2012, US (n=156)

Rodriguez et al. POS 1,521 Yes ICU Readmission Rate Mortality OR 3.46 1.76 - 6.78 <0.05

2011, Spain (n=1) Premature Discharge Mortality OR 2.6 1.06-4.41 <0.05

Silva et al. PCHS 600 Yes ICU Nursing Workload Readmission OR 0.98 0.95-1.00 =0.036

2011, Brazil (n=4) (Discharge score)

Renton et al. ROS 13, 598 Yes ICU Tertiary Level Readmission OR1.21 1.15-1.29 <0.001

2011, Australia (n=38) AH Discharge OR 1.13 1.08-1.19 <0.001
Length of Stay OR1.017 1.015-1.019 <0.001

Frost et al. RCHS 987 No ICU Length of Stay Readmission OR 2.2 1.85-2.56 <0.05

2010, Australia (n=1) Emergency Admission Readmission OR 1.7 1.44-2.08 <0.05

Utzolino et al. RCHS 2,558 No ICU Premature vs Elective Readmission 8.3 vs n/s <0.001

2010, US (n=1) Discharge 25.1%

Makris et al. RCC 410 Yes ICU Readmission Rate Mortality OR 4.7 2.1-10.7 <0.05

2010, Australia (n=1) Weekday Discharge Readmission OR 1.9 1.1-35 <0.05

Gopal et al. ROS 1,050 No ICU After-Hours Discharge Readmission OR 2.27 1.7-4.3 <0.001

2010, UK (n=1)

Chrusch et al. PCC 8,222 Yes ICU High Occupancy Readmission RR 1.56 1.05-2.31 <0.05

2009, US (n=1)

Baker et al. RCC 3,233 Yes ICU High Patient Volume Readmission 2.34; 95% 1.27-4.34 <0.05

2009, US (n=1)
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4. Nurse outcome definitions

(Page 1 of 3)

Term Description

Autonomy Freedom to make discretionary decisions within the domain of an individual’s
profession based on comprehensive knowledge, clinical expertise and evidence,
and act accordingly (lliopoulou & While 2010; Papathanassoglou et al. 2012)
Control over The degree to which nurses make decisions about resource management,
practice coordination and delivery of care, and the ability to solve problems that affect
(independence) the quality of patient care. Control contributes to a positive practice environment
that influences job satisfaction, which in turn is linked to improved patient
outcomes (Gasparino, de Brito Guirardello & Aiken 2011; Roche & Duffield 2010).
Empowerment Workplace empowerment relates to the power to access the structural factors
within the work environment that enable the employee to get work done such as
to information, resources, support and opportunities. Both formal and informal
sources of power exist with formal power derived from the specific role one fills
and informally through personal alliances and connections within the work
setting. Empowerment may predict work effectiveness, job satisfaction and
intent to stay at the individual and team level (Faulkner & Laschinger 2008; Purdy

et al. 2010)
Role conflict or Arises from a lack of distinction in the allocation of responsibilities which may
ambiguity lead to role overlap and role conflict within the healthcare team, in turn

diminishing professional autonomy and professional rights. Contributing factors
include carrying out duties with inadequate resources and staff, receiving
incompatible requests from team members, contravening evidence and policy to
complete a task, not fully understanding own responsibilities, no clear plan or
objectives established for the job at hand, and uncertain of personal authority or
autonomy (lliopoulou & While 2010; Stordeur & D'Hoore 2007).

Nursing The philosophical, theoretical, experiential and competency elements that

foundations underpin safe and high quality nursing care. Key elements required to establish
these elements include documented, up-to-date care plans, a clear philosophy of
nursing, clinical care delivered on nursing model with demonstrated continuity of
care, access to continued education and preceptorship for new nurses. These
elements underpin the foundations which support nurses in their role as it
empowers them to consult competent colleagues, develop their skills and
undertake autonomous care which has been linked to improved nurse and
patient outcomes (Aitken et al. 2010; Klopper et al. 2012)

Participation in Relates to the perceived level of engagement the nurse feels influenced by

hospital affairs multiple factors including career development, clinical advancement, access to
staff development, opportunities for advancement, opportunity to participate in
policy decisions, being consulted on staff and ward issues, self-rostering, sound
nursing foundations and access to and visibility of senior nurse management
(Aitken et al. 2010; Duffield et al. 2010; Klopper et al. 2012).
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Nurse Outcome Definitions (cont’d.)

Term Description

Effective Relating to the Nurse manager and organisational management demonstrating

leadership and effectiveness through supervisory support of staff, being receptive and

management responsive, visible to clinicians, encouraging and acknowledging of staff efforts,
practices proactive quality assurance and recognised as autonomous with other
executive/management. Strong nursing leadership is seen as enabling clinical
nurse autonomy and best practice through clear management structures and
nursing representation (Duffield, Diers, et al. 2010; Klopper et al. 2012; Minvielle
et al. 2005; Van Bogaert et al. 2009).

Collegiality Multidiscipline communication, interaction and collaboration between nursing

(Nurse- Doctor)

Collegiality
(Nurse-Nurse)

Resourcing and
staffing

Flexible rostering

Access to
professional
development

Personal
accomplishment

Professional
advancement

staff and medical staff in particular which may be formal and informal social and
professional contacts within the job context. Key elements are openness,
timeliness, accuracy, and understanding. Collaboration has been identified as a
way of redressing the power relationship and supporting nurses’ autonomy
(Karanikola et al. 2012; Manojlovich, Antonakos & Ronis 2009).

Communication, interaction and collaboration between nurses, both formal and
informal social and professional in the job context which facilitates nursing
processes of care, autonomy, clinical decision making, effective team
relationships and aids the integration of evidence into clinical practice (Aitken et
al. 2010).

Relates to having sufficient nursing staff and physical resources to get the work
done, provide quality patient care and adequate time with patients. Lack of staff
and resources have been linked to job-related burnout, job dissatisfaction, and
intention to leave. Higher staffing levels have been linked to decreased rates of
negative outcomes for patients and shorter lengths of stay (Neff et al. 2011;
Roche & Duffield 2010).

Work schedules that are flexible, modifiable and incorporate self-rostering are
associated with job dissatisfaction and intent to leave. This relates not only to
shift patterns but to staff being permanently allocated to their chosen clinical
specialty. Self-rostering also reduces the rostering burden on the nursing
manager allows them to be more visible in the clinical setting and allows time for
other tasks such as performance management and mentorship (Duffield, Roche,
et al. 2010; Klopper et al. 2012; Stone et al. 2006).

Education and training facilitates increased clinical competency, empowers
nurses, promotes confidence and promotes critical approach to nursing care.
Engagement in continuous professional development supports the professional
autonomy of nurses (Papathanassoglou et al. 2012)

Sense of personal fulfilment and autonomy underpinned by formal and informal
empowerment. The derived confidence leads to improved collegiality and
reduced depersonalisation. Diminished sense of accomplishment is associated
with burn out and poor staff outcomes (Gasparino, de Brito Guirardello & Aiken
2011; Minvielle et al. 2005)

Professional fulfilment and feelings of work-related competence. Associated with
perception of professional status independence, participation, opportunities for
advancement, educational opportunities and access to study leave, flexibility of
the work schedule and wages. Recognition from management is also a key
factor in realising professional advancement (Cai & Zhou 2009; Faulkner &
Laschinger 2008).
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Nurse Outcome Definitions (cont’d.)

Term

Description

Professional
perception

Satisfaction with
nursing

Job satisfaction

Emotional
exhaustion
(burnout)

Moral distress
and anxiety

Depersonalisation

Intention to
leave

Perceived status of nursing as a profession and its sense of meaning. Key
determinants are educational preparation, empowerment and the organisational
climate and culture. Failure to appreciate the importance of ICU nursing work by
a unit’s interdisciplinary team may affect ICU nurses’ professional status and the
quality of professional interactions among the members of the team. Ultimately
clinical decision-making autonomy is diminished and a poor public image of
nurses may be perceived (Papathanassoglou et al. 2012; Stone et al. 2007).

Overall satisfaction with nursing as a profession is a manifestation of the
composition of relationships between team members in particular with Doctors,
good nursing leadership, autonomy and job satisfaction (Duffield, Roche, et al.
2007).

Perception of the practice environment influenced by organisational and
personal factors. Factors include quality of nursing leadership, collegial
relationships, provision of quality care, nurse autonomy and active participation
in decision making, and adequate staffing and resources. A positive practice
environment is crucial to job satisfaction, retention of nurses and favourable
nurse outcomes (Klopper et al. 2012). Importantly policies, procedures and
systems need to be designed so that employees are able to meet the
organizational objectives and achieve personal satisfaction in their work.

Feeling of ‘emptiness’ or ‘worn-out’, disengagement from work and a sense of
reduced competence (Meeusen et al. 2011). Emotional exhaustion is inversely
associated with job satisfaction, intention to stay, nurse-assessed quality of care
on the unit and personal accomplishment (Van Bogaert et al. 2010)

Moral distress occurs when clinicians are unable to translate their moral choices
into moral action. Limited autonomy and problematic interdisciplinary
collaboration may inhibit nurses’ ability to apply personal and professional moral
reasoning, a situation that may lead to moral distress. Nurses encounter ethical,
professional, and patient-care situations that can provoke moral distress and, if
not managed, possibly compromise job satisfaction and retention
(Papathanassoglou et al. 2012).

An individual emotional state manifested as a lack of care for what happens to
patients, impersonal interactions, assigning blame to patients for own
frustrations, becoming outwardly more callous in interactions and may worry
that job is hardening emotionally (Klopper et al. 2012). Significantly inversely
associated with hospital management and organisational support (Van Bogaert et
al. 2009).

Intention to leave or resign can be attributed to two key influences i.e. working
conditions, such as e.g., wages or staffing policies, and personal reasons such as
retirement or career advancement. The question “Do you plan to leave your
current position in the coming year?” has been used frequently in studies to
assess the practice environment and nursing workforce outcomes (Stone et al.
2006)

228



5. Manuscript — ICU nurse survey instrument

(Page 1 of 20)

www.sciedu ca'jha Journal of Hospital Administration. 2014, Vol. 3, No. 6

REVIEWS

Selection of an instrument to evaluate the organizational
environment of nurses working in intensive care: an
integrative review

Brett Abbenbroek, Christine Duffield, Doug Elliott

Centre for Health Services Management, Faculty of Health, University of Technology, Sydney, Australia

Correspondence: Brett Abbenbroek. Address: Centre for Health Services Management, Faculty of Health, University of
Technology, Sydney, 15 Broadway Ultimo, NSW 2007, Australia. E-mail: Brett.J.Abbenbroek@student.uts.edu.au

Received: August 18, 2014 Accepted: October 16, 2014 Online Published: October 31, 2014
DOI: 10.5430/jha.v3n6pl43 URL: http://dx.doi.org/10.5430/jha.v3n6p143
Abstract

Objective: To determine an appropriate survey instrument to evaluate the impact of organizational structures on the work

environment of intensive care nurses.

Background: Internationally the demand for intensive care is increasing. Solely increasing bed capacity is not sustainable.

Large capacity multi-specialty Intensive Care Units are emerging as the preferred organizational model with benefits
resulting from optimizing operational synergies and economies of scale. The impact of this organizational transition on

intensive care nurses is not well understood. An appropriate survey instrument for intensive care nurses 1s required. Design:

Integrative literature review. Data Sources: CINAHL, PubMed, EMBASE and OVID Nursing databases searched for
studies published between 2005 and 2013

Review methods: An mtegrative review and quality assessment of the studies was undertaken to select nurse outcome
measures associated with organizational structures across a range of acute and critical care settings. Congruence between
nurse outcome measures and nurse survey mstruments tested m the literature was assessed to select mstruments for further
psychometric evaluation.

Results: Thirty-one cross sectional quantitative studies. from fourteen countries. were reviewed. Twenty one nurse
outcome measures associated with orgamzational factors were identified and a total of twenty five survey instruments used
in the studies reviewed. Assessment of congruence and psychometric properties determined that a combination of two
instruments is required to comprehensively assess the organizational environment of nurses working in intensive care
units.

Conclusion: The environment of nurses working in intensive care is effectively evaluated with an instrument that

combmes subscales from the Practice Environment Scale-Nurse Work Index and Maslach’s Burnout Inventory.

Key words

Nurse, Intensive care, Critical care. Organization, Environment, Outcome, Satisfaction
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1 Introduction

Intensive Care Unats (ICUs) support critically il patients that require complex clinical management, sophisticated
technologies and high resource mputs. Internationally, the demand for intensive care 15 growing due to agimg populations,
higher inpatient acuity with increasing multiple co-morbidities and advanced medical technologies ™.

Effective demand management aims to improve utilization of available bed capacity while optimizing patient and staff
outcomes P! An established demand management strategy is coordinated networking between hospitals for the referral of
critically ill patients to access definitive care ™. As a result organizational transformation in the form of regionalization,
or consolidation. of ICU services is being adopted across clinical networks and within individual hospitals ',

Large-capacity multi-specialty ICUs are emerging as the preferred organizational model m tertiary and regional referral
hospitals where historically multiple sub-specialty ICUs operated separately = * . Typically these units range from fifty
to seventy beds, in contrast to the traditional ICU model of between ten and twelve beds. and require a large clinical
workforce ™1

Benefits are thought to be linked to consolidation and better utilization of expertise and resources ™ ' Flexible
patient flow, economies of scale. enhanced operational synergies and standardization of practice underpin the benefits
achieved 1,

Increasing bed capacity alone is not sustainable, however, in terms of both fiscal and human resources ™ %, Structural
changes to the work environment are required to achieve organizational transformation and include nursing management
models. nurse staffing, rostering, professional development and the need for a large nursing workforce 3.

A major challenge is effective management of the large nurse workforce required on a 24-hour basis, so as to optimize
nurse outcomes such as staff satisfaction and retention "® 'L Nurse outcomes have been investigated in acute care
environments "] however, intensive care nurse outcomes are not so well understood and may result in the adoption
of unsustainable organizational models ®*®] A survey instrument sensitive to organizational factors and culture, with
strong psychometric properties. 1s required to evaluate the working environment of intensive care nurses, inform managers
and promote workforce sustainability in the face of organizational change.

2 Method

An integrative literature review of the empirical literature was conducted using methodological approaches described by
Cooper (1982) **! and Dixon-Woods ef al. (2004) ™4 for integrative reviews of quantitative and qualitative research. An
integrative approach mcludes a diverse range of study designs, if present in the literature, thereby providing a broad
perspective that enriches the understanding of the topic ™). Key review stages included a teview of acute care nurse
outcome studies, quality assessment. identifying nurse outcome measures and the survey mstruments tested. followed by
an assessment of the selected instrument psychometric properties.

2.1 Search method

Dunng the literature search stage, the first author interrogated the CINAHL. PubMed, EMBASE and OVID Nursing
databases for Enghish language studies published internationally between 2005 and 2013 (December). Early literature
from 2005 was included to capture seminal studies by Manojlovich et al. (2005) ® and Stone er al. (2006) ©\. The
keyword used for the search was “nurse™ with advanced searching cross-referencing the search terms “intensive care”,
“critical care”, “ICU”, “environment”, “organization”, “outcome” and “satisfaction™.

Studies reviewed were included based on the following criteria: (1) empirical study reports; (2) studies conducted 1n an
acute care environment; (3) explicit study of the association between nurse outcomes and organizational factors; and
144 ISSN 19276990 E-ISSN 1927-7008
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(4) psychometric properties of the survey instrument used was defined. Exclusion criteria included: (1) non-English
language publications; (2) non-adults; and (3) editorials or unpublished dissertations.

2.2 Search results
The search yielded a total of 309 studies of which thirty nine were iitially retained. Further analysis excluded three studies
that used either a locally developed non-validated survey instrument tested on a small sample of nurses *** or focused on

nurse-sensitive patient outcomes .. Five studies were excluded as they focused solely on validating survey instruments
through subscale factor analysis B3 The procedure and outcomes are outlined in Figure 1.
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Conclusion

Thirty one studies were retained for full analysis as summanzed in Table 1. Twenty one nurse outcomes were identified for
further expleration. Twenty five survey instruments were used esther singularly or in combination as histed in Figure 1. A
comprehensive quality appraisal was then undertaken to further validate the inclusion of identified studies in this review.

2.3 Quality appraisal

Quality was assessed based on criteria recommended in the Crtical Review of Quantitative Research Worksheet and
aligned with the methods promoted in the Strengthening the Reporting of Observational Studies i Epidemiology
(STROBE) statement 3. Each criteria was assessed using an allocated score based on the evidence hierarchy proposed
by Evans (2003) 7). This scoring process, first developed by Beck (1995) B¥ and applied recently to a literature review of
nurse turnover costs conducted by Li et al. (2012) P*]. was adopted and expanded with additional quality criteria proposed
by Miller (2006) B1.
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Table 1. Literature review result summary

Inpatient ‘Worlplace Evaluation Results
-y e e
.composy Uit Outcome aral Sta CISD
TJob satisfaction Murse-Physictan OR228 146335 <0001
collegiality
Muwse penagement (mit) OR 107 4972306  <0.001
Organisational suppert OR942 4232096 =0.001
Werkload OR035 021057 <0001
OR327 245-1136 =0.001
Emotional exhaustion OR040 033049  =0.001
Depersonalicahon ORO055 044068 0001
Persomal OR162 125212 =0.001
ac 3] OR171 1.13-1.39 =0.05
Hospital No intention to MNurse-Fhysician
Van wide leave collegiality OR410 2053821 =0.001
Bomart . acute care Nm':e_nm_ugemem (mif) OR942 20985 =‘0.?U‘l
o f‘; PCS NWI-E 0.80 1108 RN (n = 8 Orgamitsahonal support OR 056 036-0.87 n's
201 3 Survey MBI ) bospitals, Workload OR182 093357 o
ﬁdgi’un musng OR0.5% 045-0.71 =0.001
wmits = Emotional exhaustion OR0.72 0.58-0.89 <0.001
95) Depersonalization OR164 128212 =001
Personal
ac H OR292 1834151 <0.001
Qruality of eare Mhrze-Physisian
(percerved) collegaality OR 502 1967128  =0.001
Nurse management (muf) OR6.87  3.52-1425 =0.001
Orgamat OR077 049-120 n's
Werkload ORT03 3361471 <0001
OR068 0357082  =0.001
Emotional exhaustion OR066 033082 <0001
Depersonzh OR148 116188  =0001
Tob satisfaction Perceived leadership
P Modelling the way r=023 o =0.01
1 CY’ LPI 095 100 Inspinng shared vision r=024 nfa =0.01
fﬂ-‘lxi P oM 0.86 112RN ‘n;e) Challenging theprocess r=023 1nfa =0.02
s = nG 087 Enabling r=021 w2 =0.02
Ecouragmg the heart r=013 nfa =015
Organisational
commmitment =035 nfa =000
Job satisfaction Emotional exhaustion r=-041 nfa =0.001
Depersomalisation r=-0.31 wnfa =0.001
Mivhren Job stimer Persopal
etal - ICUs accomphishment r=012 nfa =0145
213, FPC MBL0m IRN - ooy Eowtionsl Eshawstion.~ r=0.586 /3 0.001
Norway Depersonalisation r=0293 nfa <0.001
Personal
accomphishment r=0.105 nfa =208
Bumout Practice Environment OR055 0414075 =001
Werkload OR103 096110 n's
Job Practice Eovironment OR047 034066 =001
dissatisfaction Workload OR14 096113 o
Costzes Hocpital :
= N wide Intent to leave Practice Environment OR064 049084 =0.01
1013 PCS PESWI 0.79 1187RN acute Workload OR104 0.59-1.10 n's
Soruﬂ; Survey MBI 088 care, (n = Poor quality Practice Environment OR055 041074 =001
Afiica 62 Workload OR106 101-112 =005
bospitals)  Poor Practice Environment ORO04l 031035 =001
Management Workload OR101 092-112 nls
Poor safety Practice Emvuonment OR048 0.29-1.02 n's
Workload OR111 1.00-1.24 =0.05
EU ED
33,659 Poor qualsty Practice Environment OR056 0351061 =0.05
Poor safety Practice Emaronment OR030 0440356 <0.05
Bumout Practice Emvizonment OR067 0.61-0.73 =0.05
Hozpiral Dissatisfaction Practice Environment OR0352 0474057 =003
Aiken e wide Intent to Leave Practice Emvivonment OR06l 056067 =0.05
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Furope Survey WI MBI <iudi 27.509 ASSEU+ ({Us)
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Bumout Practice Emvizonment OR0.71  0.68-0.75 =005
Dissati=faction Practice Emvironment OR060 057064 =005
Intent to Leave Practice Emvironment OR0.69 0.64-0.75 =0.05
Poor memt. Practice Emvironment OR056 0354059 =005
(Table contmued on page 147)
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Table 1. (continued)

Inpatient Workplace Evalnation Resnlts
Study Survey Crombach a Sample s =
Author - - Climical [
Desizn Tool (compesite) (=) > Ont Variable Stat® *
Unit come arial
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X = Depersonalisation r=018 n's <0.05
Gaspari-no inzle f
y 278 = Control owa Intent to Jeave r=0.17 n's =005
2 t & spital
‘; d'u'm L ECS BNLE D= BN if:m — environmeant Imtent to laave r=012 ns =005
Organisational Intent to leave r=022 n's =0.05
suppart
Turse-Docter Intent to leave r=011 s
Meenzan 832 Intent to lasve Bumout =024 ns
eral. 2011,  PCHS* MEI 0.59 ‘JEA Anpaesth. Job satisfaction =028 us
amdis.
Thopoul-ou BNAS R Autonomy Job satisfaction r=033 n's <0001
o al. 2010, PCS Role gg g& ICF‘ @=16 Role conflict Job satsafacton r=005 n's =
Gresce Conflict B ) 0.4111
Musing Nurse interaction FEe 485 o's =0.002
Founds post536 ms n'a
X ion a=01890 n's n'a
Addken et o PES- 070 24 ICU@=2 Pmct Mursing foundations a=081 o na
al. 2010, Cs NWI h ! ! !
Australi WSS 085 N umits) Emvironment Leadership a=071 n's n'a
- Staffing and resourcing a=077 n's n'a
Collegiality (murse-doctor)
a=0185 n's n'a
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Table 1. (contmnued)
& . Inmmml.l Workplace Evaluation Results -
‘h-lm" . - :'lm" v » *
Design Tool (compaosite) (n) Unit Outcome Variable Statt P
Hospatal — Nurse Job safzfaction r=030 n's < 0.001
Purdy er CWEQD 0.86 619 wide Empowerment
al. 2010, PCHS' WeCM 078 EN acute care
Canada NG5Q 081 @m=21
bospitals)
Acuts Practice n's =001
careapd  emviromment
Roche et 2™ mantal n's <0.01
al. 2010, amalyms %’E 082 %:WSG bealth (v= s =001
Australia  ofdata  ° = 26 s =0.04
hospitals)
n's =001
Hospital Job satizfachon Collegiality
- wide Intenticn to stay (aurse-docter) QR34 190707 < 0.0001
an acute care Leaderchip QR 207 115262 < 0.0001
Bogrext \ NWLE 075 548 (:l:l_= 4 Organisationsl support OR172 707714 < 0.0001
fbli'g BCS MBI 083 RN hospitals) Collegiatiry
Adleiam (nursa-doctor) OR 226 L13e14 <005
Leadership OR331 000111 =03
Organications] support OR 465 127170 <005
Hospital Job satisfaction Praise and recognition OR 147 1.30-1.67 = 0.01
wide Fhilosophic foundations OE1.26 108145 < Q.01
Duffield . 2141 Jt(‘ute 2111? Good leadershup g% i}; 103134 <005
etal. = 2 Murses i Flewible rosters - 1.02-1.30 < 0.05
2010, :—‘;1)’;5 NWILR 0.80 (1559 bospitals)  Intent to leave Participation OR.1.16 1.03-1.31 < .05
Australia RN) mﬂ’;ﬂ"‘fq ) g; ‘1)-;: 103130 <003
Praise and rerognition : 0.74004 <001
Good leadership OR 050 072001 <001
Hospital Job satisfacthion Empowerment r=0.56 o' =0.01
Caietal cweQn 082 189 c;‘;" Rﬁo"”"""‘“’ 'fj‘%ﬁ o - g'gi
2009 PCS'  JAS 080 Saff e a® . ot r= ns by
- ORS 0.9 Nugses (n=2 Turnoves Org | support r=-042 n's =001
Chuna - bozpitals) Empoweammant r=-031 nfs =001
Formal power (TAS) r=-027 s =003
Cho er ICU(= Adequatestaffing  Job dissatisfaction OR0.30 023040 <005
al 2009, oo - , 1365 65) Euwrnow OR.0.50 034073 <005
South Eo leave OR.0.40 0.28-0.56 < (.05
n's EN Intent to leaw
Korea
Hospital  Job satisfaction Nurse-Physician relations QR 2.40 156362 <0000
wide Uit leval support OR.&.70 410-100 < (.001
acute care, Staling OR 113 1.63-3.05 < (.00L
Gunnars (=1 Philosophy of practice OR2.21 147332 <000
Edu o pcst  NWIR 077 605 bospital) _ Hospital level support OR 295 19345 <0001
,;39' MBI 084 EN Emotineal Nusse-Physician relations g 35 SE063 <0001
Teeland exhaustion Uit level support p-331 SE0S <0001
5@';“ ofpractics B-305 SED4T7 <0.001
X B-2.7% SE 0.63 < 0.001
Fospital level support §-281 SE 0.66 <0.001
Hospital Nurze-Diocter Job sarisfaction OR 8.30 160-20.6 < (.01
wide colegiality Intention to leave OR.5.90 140-25.0 = (.01
Acuts eare Nurse Leadership OR 2,50 n's = 0.01
(n = 13 Personal mumpllshmm p3.20 (SEj0:8 <0.01
bospitals) Emotionsl exbaustion B-3.70 GB11 <001
. Depersonalisation p-080 (E)07 2
g:;m Leadership mﬁ‘m;m OR.2.00 050000  nis
to leave - -
eral. PCS' i"%‘}-R g;; gg Personal accomplishment :E;'II:O :;EI;‘;TD f; 0
5 . . . d = (.
_ch] L Esotioual extin i p-330 EDLS <001
ID obq’ m""."“’]m. — B-1.00 (SE109 s
Organisational I iom 1o leave OR 7.60 0.00-65.1 nfs
support e —— OR190 030266  n
Emotional exhaustion p2m (ELQ =001
Depersonslisation p-280 GELH <001
p-2480 (SE28 <0.01
Hospital Care emvironemmt — Burnoat OR..76 0.70-0.82 < 0.01
wide Tob satisfaction OR 075 043081 <001
Aiken ot . PES- 0.79 10,184 acute care  Nurse staffing Intent to leave < 1vr OR0E7 0.70-0.06 <0.01
al 2008.  BCS NI RN (n=168 Bunoat OR 117 L0125 <001
Us MBI 092 Bospitals) Tob satiefaction ORLIl Loa11s <001
Lotent o leave < 137 OR1.03 005112 =010
(Table contmued on page 149)
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Table 1. (continued)

- Stady S Cronbach Inp.al.imt ‘Waorlplace Evaluation Results
* Duim  Teol 2 @ el T, Variable con e ©
(composite) Unit o p—— CUsD
Prof. Structural empowerment r=047 n'a =0.05
Respect Informal power r=0.4 n'a < 0.05
Support r=038 n'a <0.05
Faull Hospatal Formal power r= 0.31 n'a = 0.05
ot al CWEQ-II 0.50 282 wide R.esewce_c r=0.32 wa =0.05
2008 PCS’ FEQ 0.89 RN acute care Information r=030 n'a <0.05
Camad ERIQ 077 @ = 168 Opportunity r=024 »ofa < 0.05
hosprtals) Psychological empowerment r=032 n'a = 0.05
Autonomy r=0.31 n'a =0.05
Inpact r=025 n'a <0.05
Mearing r=022 n'a = 0.05
Manojlo- Job Nuwrse-Doctor commmmication  7=034 nfa <0,001
vich ot v 462 KU (= satisfaction
ol 2008, BCS ICUNPQ 0.85 N 25 unite)
us
Lai et al. Locally 130 ICU Intention to Level oi_‘thy‘mzs x227 SDO08s =001
2008, PCS' Developad 084 N (=2 leave o0 X425 SD 185 <001
Taiam (Coopers) mits) Job satizfaction 5675 SD 161 <001
Organizati € chadul flexibility §42 n' < 0.001
climate Warkload %30 n's =0.001
X3
i Emotional exhaustion %33 n's = 0.001
Stordenr NEXT 0.6 e Role ambigaiy B w 0,001
at al. BCE Nss 0.74 1175 — Nurzing mana gemant X ' = 0,001
2007, COPS0Q 084 RN @=1 Mursing tesm comnumication  X3.1 nis =0.001
Belgium ERIQ 072 Bospitals) Job satisfaction %38 s =0.001
Burnout X33 n's < 0.001
Intention to leave 522 n's = 0.001
Intention to Professional practice X220 SE 008 0.001
leave MNursmg mana gement 224 5E 0.08 = 0.001
S;iﬁnsmdmm za77  SE0OS <0001
UACY SE 008 < 0.001
Nursing procezs X234 SE005 <0001
Mﬂsg—DD@urmﬂEgial&y F251 SE0.07 <0001
€U Nrsing competence ¥202 SE 0.09 0.001
Stone er PNWE 323 @110 Positive scheduling climate =348 047064 <001
al 2006, PCS' T 0.78 o 66 Professional practice 051-1.08 |
Us GTWE-R) m MNursmg mana gement OR.0.52 G“—'IIT‘ n_s
bospital:) Staffing and resowrce adequac O O0T* T ne
Nursing process OR. 1.25 voomE
Nurse-Doctor collagiality OROgl 0803wk
Nuwrsmng competence OR 131 0.44-0.83 <001
Positive scheduling limate  OR.0.61 g:ﬂ;} WA
Bed mize (small) OR 0.81 -163  ofs
Bed sizs (madiwm OR 1.00 0.78-188 n's
H 1 Structural Nurse-Doctor commmmeation  §0.27 n's
Manojlo- CWEQI 0.90 wide empowerment  Job satisfachon 5022 n's
vich et ' 7 284 Practice Murse Doctor commmunication  §022 n's
A PCS PES-NWI 093 acute care - sae .
al. 2005, ws 092 RN @=n5) t  Job £039 n's
Us = beme ) Nurse-Doctor commmmication  §037  w's
satisfaction Structural empowerment £022 n's
Mimviell Hosptal Job Participation (affiliztion) r=036 s
eetal - ol - 070 1000 _ wide satsfaction Empowerment r= 011 s
2005, MBI - 070 (JEN =  aomie care C'm::_lpemnce r=0.02 n's
F ! 7500 (n=n/) Achievement r=025 n's
Fance Muth Self actualising r=036 ot
Note. 1 Statiesie lagand ® rignifieance; o = Paaruoms Corvalation coafBritnt: r = sampls comalation coefiians | = rogrussion coafBieient: OR = odds ratia: = ptast ¥'=maan: TPCS = Praspective Creas Sactianal Survey:
DD =D vm Duscriptivn Corralation; § DCHE = Py ixu Cohort Stady: a/a= not spplicabla: a/s = not spacified.

Thirty one criteria were used to derive a quality index score for each study. Potential study bias was assessed using the risk
assessment process adapted from a Cochrane Systematic Review undertaken by Inglis er al. (2010) Y. The highest
composite score attainable was seventy seven. Each score was then converted to percentages to assess the relative quality
for each study (see Figure 2).

The mean quality index score was 85% with mumimal vanability in the range (75%-91%). Highest scores reflected
multicenter studies with a large sample size, clearly defined outcome measures, demonstrated survey mstrument
vahidation, high survey response rate, identified complex associations within the results and demonstrated relevance
to health services management ®-*. Conversely. the lowest scoring study was conducted in a single site with a small
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convenience sample, and wmplications for practice were not clearly articulated linuting broader generalization of
results (1.

All studies, except one B failed to explicitly define the study population exclusion criteria potentially affecting sample
selection, with the majority using a convenience sample. While this may limit generalization of results, sample sizes were
considered to be moderate to large (range n = 67 to 98,116), mitigating this risk.

Score % [mean =B5%)
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Figure 2. Relative derived quality ~ study
{1

index scores

Seven studies also employed randomization to control for confounding B ** ¥, Overall the studies were primarily
multi-site from a broad range of countries with two being multi-national M+ *¥. All stdies were undertaken in an acute
care environment with nine studies specific to adult ICU. A majority of studies were strong in terms of author expertise,
clear study purpose, prospective study design and using psychometrically validated survey mnstruments. Results were
comprehensively reported using clear descriptive summarnies. empirical statistical analysis and identification of significant
associations between structural characteristics of the workplace environment and nurse outcomes. These results were
then further qualified through reporting of small standard errors, standard deviations and/or narrow confidence mtervals.

Overall the quality of the studies was high (see Figure 2) further supporting the inclusion of the twenty one identified nurse
outcomes in the minimum dataset.

2.4 Data abstraction and synthesis
At the data analysis stage the authors followed the sequence proposed by Whittemore and Knafl (2005) including data
reduction. data display. data comparison and verification of conclusions ). The data were reduced by extraction of nurse

outcome measures as summarized in Table 1. This enabled a systematic identification of nurse outcomes associated with
organizational factors from the described statistical testing. associations and conclusions. Nurse outcomes were reduced to

a minimum dataset agamnst which the survey instruments were aligned to assess the degree of congruence with the
outcomes collected by each instrument.

Conclusion

Systematic appraisal found overall a high level of study quality in terms of research methodology and reporting. This
provided the reviewers with confidence regarding the validity of nurse outcome measures identified. Further analysis of
individual outcome measures was undertaken to statistically validate the final dataset of nurse outcome measures used to
select an appropriate survey nstrument.
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3 Results

3.1 Nurse outcomes associated with organizational structures in the

work environment

Repeated testing across multiple studies supports the reliability of nurse outcome measures. Figure 3 illustrates the
frequency each nurse outcome was measured. Job satisfaction. intention to leave. leadership. emotional exhaustion
(bumout), resourcing and staffing, and Nurse-Doctor collegiality were frequently used to study nurse work environments.
In contrast. professional advancement and satisfaction with nursing in general were measured only once in separate large
nulticenter studies with high relative quality index scores B4 aq twenty one nurse outcome measures were therefore
retained for further evaluation in order of highest to lowest frequency.

DRI |,|I
AT ﬁ“}ﬁﬁﬁjﬁﬂ‘?’w e

%,
N
!
8
N
"‘x

Figure 3. Repeatability of nurse outcome \S"‘? qg‘;
measures o

3.1.1 Job satisfaction

Job sausfaction was strongly associated with the work environment in twenty five studies, including seven in ICU, with
particular influence on intention to leave (X =-4.25: SD 1.61: p< 01)P% and (B =-0.28: p < 001) P A study of 9351CU
nurses identified a positive association between job satisfaction and nurse leadership (7= 0.612; p < .001), nurse-physician
collegiality (7 =0.454; p < .001), staffing and resource adequacy (r= 0.328; p < .001). participation (r = 0.307; p < .001).
foundations for quality care ( = 0.437; p < 001) and professional advancement (» = 0.595; p = .001) Pl Job satisfaction
was also found to have a sigmificant correlation with increased autonomy (» = 0.331; p < .001) in a study of 431 ICU
nurses L,

3.1.2 Intention to leave

Seventeen studies, four in ICU, measured intention to leave. One large prospective study of 2323 ICU nurses found
associations between intention to leave and professional status (X = 2.20. SE 0.08; p < .001), nursing leadership (X =
224, SE 0.08; p < .001), staffing and resource adequacy (X =2.27, SE 0.06; p < .001). nursing foundations ( X =2.34, SE
0.06; p < .001), nurse—physician collegiality (x = 2.51, SE 0.06; p < .001) and rostering flexibilaty (X = 2.48, SE 0.09;

p=.001) [ These associations were also found two ICU studies ***¥ and five studies in acute care settings 142,46, 51, 35, 56]

3.1.3 Leadership

Nursing leadership repeatedly demonstrated significant impact on job satisfaction. participation, retention and percerved
professional status. Sixteen studies underscored the importance good nurse leadership with four studies conducted m
ICU B*-* Sione er al. (2006) Bl {dentified that leadership 1n ICU was significantly associated with intention to leave
(X =2.28.SE 0.08: p < .001) while Klopper ef al. (2012) F7 found a moderately strong correlation between leadership
and a positively perceived ICU workplace (= 0.612; p < .01). The bulk of the studies were conducted n non-ICU acute
care environments_ A large Australian multicenter study of 1,559 nurses identified a significant association between good
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clinical leadership and improved job satisfaction (OR 1.17; 95% CI 1.03-1.34; p < .05), and reduced intention to leave
(OR 0.80; 95% CI 0.72-0.91; p <.01) ¥,

3.1.4 Emotional exhaustion

Emotional exhaustion was explored in fifteen studies, three in ICU P%%-31 A significant association was consistently
reported between the level of emotional exhaustion, or burn out, by nursing staff. The most frequently reported significant
contributing factors to emotional exhaustion were staffing (OR 1.17, 95% CI 1.09-1.25: p < .01) ¥ and (OR 050, 95% CI
0.34-0.73; p < .005) ™, sense of depersonalization (r=-0.576; p <.01) ® and professional perception of nurses (OR 0.76,
95% CI0.70-0.82; p < .001) ™1 A recent study concluded that emotional exhaustion is an important predictor of a broad
range of nurse outcomes %,

3.1.5 Resourcing and staffing

Fourteen studies found a significant association between perception of adequate resourcing and the work environment,
with four studies conducted in ICU B %353 A moderately strong correlation was also found with job satisfaction (» =
0.328: p < .01), while intention to leave (OR 1.23; 95% 0.88-1.72) was not statistically significant ™. More broadly. in
nine non-ICU studies, inadequate staffing and resourcing was associated with nurses having a negative perception of the
work environment, including a large Australian study of 2,556 nurses (= -2.02; p = .04) [,

3.1.6 Nurse-doctor collegiality

Effective Nurse-Doctor collegiality repeatedly influenced perception of the workplace environment Thirteen studies
found a significant association between Nurse-Doctor collaberation and nurse autonomy, emotional exhaustion and
anxiety. job satisfaction and satisfaction with nursing generally. with five of these studies conducted in ICU [3,41, 46,48, 52
Of note 1s a study of 935 ICU nurses finding that Nurse-Doctor collegiality had a moderately strong correlation with job
satisfaction (r = 0.454; p < .01) P71, Staff also expressed a higher sense autonomy (= 0.319; p < .001) I¥®l; job satisfaction
(OR 3.94; 95% CI 2.90-7.07; p < .0001) “Y and (» = 0.34; p < .001) '”); and nurse empowerment (B = 0.27; p < 05) P9
when Nurse-Doctor collegiality was high. Conversely, a number of studies found mereased intention to leave associated
with low collegiality (7=0.11; p < .05) ¥, (OR 2.26, 95% C11.23-4.14; p < .05) ™ and (X =2.51. SE 0.06.p <.001) BL

3.1.7 Nursing foundations for quality care

High quality care, underpinned by a nursing foundation based on a defined nursing philosophy and nursing model of
care_ was found to be associated with a positive working environment in nine studies, three of which were conducted in
ICU P*%*1 Typically this was manifasted by increased job satisfaction both in ICU (= 0.437; p < 01) P and in acute
care areas (OR 1.26, 95% CI 1.09-1.45; p < .01) %],

3.1.8 Personal accomplishment

A perception of igher personal accomplishment was associated with a positive work environment in eight studies, one of
which undertaken in ICU L. Perceptions of high nurse autonomy (r = 0.30; p <.01) ¥ and professional respect (r = 0.32;
p<03) ] and increased job satisfaction (r=10.36; p < 001) 5] were evident when the sense of personal accomplishment
was high. This positive association was also found where there was effective Nurse-Doctor collegiality (B = 3.20, SE 0.8;
p < .01). strong leadership (B = 3.10, SE 1.1; p < .01) and organizational support (B = 2.70, SE 1.0: p < .01) ¥ 1CcU
nurses reported a higher intention to leave where they perceived a lack of personal accomplishment (X =292, SE 0.07;
p<.001)F

3.1.9 Nurse participation

Increased participation in hospital affairs was associated with a positive work environment in six studies, with two
conducted in ICU ¥ Job satisfaction increased with higher participation ( = 0.307: p < .01) ¥, (OR 1.16: 95% CI
1.03-131; p < 03) 3 angd (r=036; p < .001) 1651 Hospitals achieving magnet status typically have higher rates of
participation (t =4.68; p< 01) ! and (¥ =2.76, SD 0.44; p < 001) ¥,
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3.1.10 Depersonalization

The perception of being depersonalized from the work environment was identified as a strong predictor of emotional
exhaustion and job satisfaction in three acute care studies [2.47.36] and two in ICU ¥ perceived depersonalization had a
moderate inverse association with reduced job satisfaction in a study of 129 ICU nurses (= -0.313: p < .001) ¥,

3.1.11 Professional recognition

Five studies consistently identified percerved professional recognition as a key nurse outcome. with one study conducted
in ICU 3. Professional recognition was found to increase nurses’ job satisfaction in ICU (= 0.595; p < .01) 51 and in
acute care areas (OR 1.47; 95%CI 2.90-7.07; p <.01) ™ and (- =0.25; p < .001) ®!, Professional recognition positively
influences the perception of professional respect (r = 0.24; p < .05) [,

3.1.12 Nurse autonomy

Perceived autonomy was found to be an important a nurse outcome measure in five studies, with two specific to ICU P31,
In the largest prospective study of 431 ICU nurses increased job satisfaction had a moderate correlation with increased
autonomy (r=10.331; p <.001) 3] which was supported 1 a later study (= 0.369; p < .001) M ICU nurses also percerved
higher autonomy when there was effective Nurse-Doctor collegiality (7 = 0.319; p < .001), access to staff development
(r=0.369; p < .001) and perceived professional recognition (» = 0.211; p = .001) P¥ and (= = 0.31; p < .05) [*]. Higher
levels of emotional exhaustion (- =0.37; p <0.01) and percerved depersonalization (= 0.18; p < .05) were associated with
reduced autonomy as was low self-accomplishment (= 0.30; p < 01) P Intention to leave was also influenced by lower
perceived autonomy (r=-0.142; p = 03) ¥

3.1.13 Nurse empowerment

A perception of mcreased empowenment was associated with a positive work environment m five studies conducted 1n
acute care areas. Where nurses perceived increased empowerment job satisfaction was ncreased (= 0.39; p < .001) 7,
(r=0.56;p=.01) 1681 (B=022;p<.05) 26 and (r=-0.11; p= 01) (51 Empowerment increased with professional respect
(r=0239: p < 001) " and effective Nurse-Doctor collegiality (B=0.27; p < 05) *¥ and was low when intention to leave
was expressed (*=-0.31: p = 01) L

3.1.14 Flexible rostering

Five studies identified flexible rostering as a determinant of a positive work environment, two of which were conducted in
ICU B-*Y Rostering inflexibility increases emotional exhaustion (r=-0.325; p <.01) ¥ and intention to leave (T =2.48,
SE 0.09, p < .001) B, Organizational climate is rated higher (¥ =4.2 vs. 3.8; 2 < .001) ! and job satisfaction increases
with flexible rostering (OR 1.16; 95%CI 1.02-1.30; p < .05) [,

3.1.15 Nurse-nurse communication

Four studies investigated nurse-nurse communication in the workplace, with two conducted in ICU ™-*. Improved
communication attributed to introducing formalized ICU nursing rounds improved perceptions of the workplace (X =
485 vs. post ¥ = 536; p = 002) ", while poor communication decreased job satisfaction (p = -0.097; p = .04) and
compounded self-rated anxiety (r = -0.160: p = .001) . The organizational climate benefited from improved nursing
communication (¥ = 3.8 vs. X =3.3; p<.001) ¥7 and interestingly the higher the number of ICU beds the lower the rating
of effective nurse communication (= -0.152; p = .002) ¥ This might be postulated to be associated with a large nursing
workforce and depersonalization in larger ICUs. Further to this observation. though not statistically significant, was an
increased intention to leave wn larger capacity ICUs (OR 1.21; 95% CI10.78-1.88; p < .05) 2

3.1.16 Nurse outcome measures with limited supporting evidence

Three nurse outcome measures were identified that were supported by three studies or less. These outcomes, however, are
consistent with recommended professional standards for healthy work environments and merit consideration /. Increased
control over practice is associated with greater autonomy (r=0.159; p = .005) %! and where an inability to control practice
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exists this 1s associated with increased intention to leave (r =-0.22; p < .05) 143, Moral distress was also found to increase
where poor Nurse-Doctor collegiality exasted (- = -0.337; p < .001) and with increased ntention to leave (7 = 0.229;
p=01)H

3.1.17 Conclusion

Twenty one nurse outcomes in acute and mtensive care work environment were identified and evaluated using the
following steps: (1) assessing the quality of the relevant pimary study and generating a quality index score; (2) assessing
the risk of bias for each primary study; (3) examining the significance of the association between nurse outcome measures
and structural features of the workplace environment; and (4) evaluating the repeatability and comsistency of nurse
outcome measures. Following this process all twenty one nurse outcome measures were retained to inform selection of a
nurse swrvey mstrument for ICU,

4 Discussion and instrument selection

Internationally, professional nursing associations recommend standards for healthy work environments that promote the
balance of an organization’s objectives with favorable nurse outcomes " "1, Where this balance is achieved magnet health
care organizations evolve characterized by high quality nursing care, increased job satisfaction and improved nurse

outcomes [66. 73, -H].

Magnet organizations value nursing practice, workplace culture and climate_ as well as material factors such as rates of
pay U™ Strong leadership is a key factor and is considered to influence job satisfaction, participation levels, staff
retention and perceived professional status (77791

Healthy work environments recognize strong nursing foundations, active staff participation, empowerment and team

building as a basis for high quality care **" An effective ICU clinical team is further underpinned by a high level of
[82-84]

Nurse-Doctor collegiality to sustain a positive organizational culture and climate

Dissatisfaction and worsening staff outcomes are associated with health service restructuring aimed at improving

productivity through work intensification ®®7. Staff outcomes are also influenced by rostering, poor physician-nurse

interactions, new technology. staff shortages. unpredictable work flow, lack of control over practice and a perception that

patient care 1s not coordinated, evidence-based or unsafe 38,48, 491

Job satisfaction 1s associated consistently with positive work environment characteristics including nurse autonomy,

staffing and resourcing, opportunities for professional advancement and positive acknowledgement ®2. Intention to leave

is reduced and job satisfaction is high where staff perceive they have equitable rosters, flexibility and control over personal
H [1s, 28]

time .

Structural and psycho-sociological factors determine nurse outcomes making it essential that both are appropriately
captured in organizational survey instruments. High interdependence exists between organizational, interpersonal and
individual behavior determinants of a health work environment .

Perceptions held by nurses on how structural factors impact on them personally and may be manifested as emotional
exhaustion . Emotional exhaustion refers to the depletion of aroused emotional states, such as a nurse feeling too
emotionally drained to adequately care for patients. Combined with a sense of low personal accomplishment and
depersonalization then these perceptions are manifested as ‘burn-out” and increased intention to leave ]

Lack of personal accomplishment is linked to an individual’s lower perception of self-competence and empowerment P70,
Empowerment is an important component of transformational leadership and the trust underpinning staff autonomy and
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job satisfaction *!1. Effective communication supports control over practice, decision-making at the bedside and teamwork,
all determinants of a positive workplace and ultimately a positive work environment H-%21,

Nurse outcomes reflect external structural factors and individual perceptions both of which are influenced by the work
environment as recognized in professional standards and magnet hospitals ™ ™ %1 The most appropriate survey
wmstrument should capture the impact of structural factors and individual perceptions and thereby align closely with the
nurse outcome dataset identified.

Repeated testing of instruments over time in similar nurse populations provides an indication of their reproducibility
and reliability. Taking mnto account the level of instrument congruence with the nurse outcome dataset, evidence of content
and contextual validity and the frequency of testing across acute care settings including ICU (see Figure 4) enabled the
selection of three survey instruments for further psychometric assessment.

Survey Instrument
"
» .
1
| ‘
.l
L]
SEEEEEREEEREE IIIIIII
Figure 4. Survey mstrument FERIFF PSP ET L FF TS
frequency of use ot

The Nurse Work Index-Revised (NWI-R) B4 Practice Environment Scale-Nurse Work Index (PES-NWT) B and
Maslach’s Bumout Inventory (MBI) ¥ demonstrated highest congruence and repeated testing warranting further
psychometric validation.

Critical appraisal of the psychometric properties and predictive validity. of nurse survey instruments, is well establish-
ed P™¥1 Each survey instrument selected has undergone this process in a broad range of acute healthcare environments
internationally mcluding Australia 09 Brazil ®, China MY, Japan no Spamn 0031 the United Kingdom B United
States '* and multi-nationally nes a4 summary of the psychometric assessment for the NWI-R. PES-NWT and MBI is
provided in Table 2.

All three survey mstruments were tested repeatedly 1n multicenter studies involving large samples of nurses. Simlarly, all
wnstruments had been tested in acute care and ICU environments with PES-NWI being used more frequently in ICU. The
content validity of the NWI-R and PES-NWI has direct relevance to the climate and culture of nurses’ work environment.

The MBI focused on interpersonal and psychosocial aspects, with some relevance to organizational. factors but with a
greater emphasis on individual perceptions and emotions. All three mnstruments have an acceptable level of reliability, with
the Cronbach alpha mean composite coefficient for all studies being above 0.7, which is recommended as the minimum
threshold to establish reliability "%

Congruence with the nurse outcome measures was high for both the NWI-R (aligned with sixteen outcomes) and the
PES-NWI (aligned with seventeen outcomes). The MBI fulfills six of the nurse outcome measures: level of participation,
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job satisfaction, emotional exhaustion (bumout), moral distress and anxiety, and depersonalization. Four outcomes
captured by the MBI are not captured by the NWI-R and PES-NWI providing the justification to add subscales from the
MBI to the nurse survey instrument selected.

Table 2. Survey mstrument validity and congruence with nurse outcomes

Survey Insorument
Quality and Validity Factors .

NWI-R PES-NWI MBI
Frequency 7 11 13
Testing repeated Yes (multicentre) Yes (multicentre) Yes (multicentre)
Large study population Range 155 to 2,287 Range 67 to 98.116 Range 15510 98.116
Tested in nursing populations Yes Yes Yes
Conducted in ICU 217 411 313
Organizational content validity Yes Yes Yes (interpersonal focus)
Cronbach alpha: mean composite coefficient aBs Bl a B2
Congruence with Nurse Outcomes
Nurse Outcome Measured
Autonomy Yes Yes No
Control over practice Yes Yes No
Empowerment Yes Yes No
Role conflict or ambiguity Yes Yes No
Nursing foundations Yes Yes No
Participation Yes Yes Optional questions
Leadership Yes Yes No
Collegiality (Doctor) Yes Yes No
Collegiality (Nursing) Yes Yes No
Resourcing and staffing Yes Yes No
Flexible scheduling Yes Yes No
Access to professional development Yes Yes No
Personal accomplishment Yes Yes Yes
Professional advancement /recognition Yes Yes No
Professional perception Yes Yes No
Satisfaction with nursing No Yes No
Job satisfaction No No Yes
Emotional exhaustion (bumout) No No Yes
Moral distress and anxiety No No Yes
Depersonalisation No No Yes
Intention to leave Yes Yes Yes

Higher congruence with the identified nurse outcomes, demonstrated content and construct validity, an ability to
discriminate positive work environment characteristics, repeated testing and strong psychometric properties supports
selection of the PES-NWI as the preferred survey instrument.

The PES-NWI seeks to elicit information from staff regarding their felt experience and perceptions M 1% 1% Facior

analysis of data from magnet hospitals involving statistical testing of observed varnables to determine correlation, intemal
consistency, reliability and validity across organizational domains, including ICU. was used to develop the PES-NWT %,
A large number of studies and industry reports published since 2002 deseribe the use, modification, and scoring variations
of the PES-NWT in five different countries, translated to three languages, across ten practice settings ["1%1 Tn 3 recent

156 ISSN 19276990 E-ISSN 1927-7008

242



www.sciedu.cajha Journal of Hospital Administration, 2014, Vol. 3, No. 6

Australian study by Parker et al_ (2010) 0% the construct validity and reliability of the PES-NWI was tested in a random
sample of 3,000 nurses working in private and public sectors demonstrating strong internal consistency with a Cronbach
alpha of 0.948. The study concluded that the PES-NWTI is a reliable survey instrument for a range of clinical settings with
ongoing refinement and testing based on large nursing populations underpinning its construct validity and reliability for
the assessment of nurses work environment in acute care and ICU settings.

4.1 Limitations

This review provides an overview of nurse outcomes found to reflect structural factors within an organization and uses this
outcome profile to select an appropriate survey instrument. Although a variety of study designs were included mn the
literature search. the studies included in the analysis were primarily cross sectional and therefore the ability to confer
causality 1s significantly limited. Studies undertaken across a broad range of countries were included, however, only those
studies published in English were reviewed which may limit generalization of any findings. Terminology for similar nurse
outcomes varied widely requiring imterpretation for classification purposes. Lastly. this literature review had a broad
international perspective but does not account for vanability in different health systems. These limitations may lead
testrict the generalization of the findings of this review without further contextual validation.

4.2 Implications for nursing management

This integrative review identifies the key constructs of a survey mstrument that will assist policy makers and managers to
better understand the factors contnbuting to a sustamable mtensive care nurse workforce 1n the face of organizational
change.

5 Conclusion

This literature review progressed through several stages of analysis to identify the most effective survey instrument to
evaluate the working environment of nurses in ICU. The impact of structural factors on the work environment can be
assessed by the nurse outcome measures captured within the PES-NWI survey instrument. The addition of the MBI 1s
recommended to capture individual emotional responses. An mstrument that incorporates both the PES-NWI and MBI
subscales 1s most appropriate to evaluate the environment of nurses working in ICUs world-wide.
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6. Survey instruments

(Page 1 of 3)

Instrument Description

Practice PES-  Consists of 32 Likert type questions including five subscales: 1. nurse participation in

Environment NWI  hospital affairs (8 questions), 2. nursing foundations for quality of care (9 questions),

Scale - Nurse 3. nurse manager ability, leadership and support of nurses_ (4 questions), 4. staffing

Work Index and resource adequacy (4 questions), 5. nurse—physician collegiality (7 questions).
Scores indicate the extent of agreement that supportive traits are present and can
range from 1 (strongly disagree) to 4 (strongly agree), with higher scores indicating a
more supportive practice environment. According to (Lake 2002) mean values above
2.5 indicate general agreement, while values below 2.5 indicate disagreement with
the characteristics measured by the PES-NWI. (Klopper et al. 2012)

Nurse Work NWI-R A 57-item measure of the nurse practice environment developed in the US and used

Index-Revised extensively in international research. Nurses indicate their agreement regarding
practice environment issues in their current positions on a four-point Likert-type scale
anchored by ‘strongly disagree’ and ‘strongly agree. (Gasparino et al. 2011)

Maslach’s MBI Composed of 22 items, evaluated using a Likert scale captures key dimensions of

Burnout burnout in three subscales: 1. emotional exhaustion, 2. depersonalisation and

Inventory personal accomplishment. High scores on emotional exhaustion and
depersonalisation dimensions and low scores on personal accomplishment
dimension are considered indicative of burnout (Aiken et al. 2011).

Conditions of CWEQ Includes six subscales reflecting dimensions of empowering structural workplace

Work Il factors (opportunity, information, support and resources) and sources of power

Effectiveness (formal and informal) that enhance access to those factors. The sum of the mean of

Questionnaire each subscale forms the variable, total empowerment, representing quality of nursing
work environment (Purdy et al 2010).

Nurse Global NGSQ Includes overall job satisfaction and satisfaction with co-workers (Purdy et al. 2010)

Satisfaction

Questionnaire

Nurse- NPQ  Consists of 47 scales to measure multiple variables affecting relations between

Physician nurses and physicians (Manojovich et al. 2008).

Questionnaire

Organisational ORS  Contains 18 items that measure informal power within the work environment. The

relationship items are designed to measure perceptions of political alliances, sponsor support,

Scale peer networking, and subordinate relationships in the workplace (Cai et al. 2009).

Nurse Working NWES A 42-item instrument with seven independent subscales describing the

Environment organisational climate regarding: 1. professional practice, 2. staffing and resourcing,

Scale 3. nurse management, 4. Nursing process, 5. nurse-physician collaboration, 6.

clinical competence, 7. positive scheduling. Nurses are asked to asked to indicate
their perception of each item in their working environment by answering strongly
disagree (1) to strongly agree (4) on a Likert scale (Stone et al. 2006)
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Survey instruments cont’d.

Instrument

Description

Collaboration
and Satisfaction
About Care
Decisions Scale
Work Group
Characteristics
Measure

Effort-Reward
Imbalance
Questionnaire

Organizational
Culture
Inventory

Nurses Early
Exit Study

Copenhagen
Psychosocial
Questionnaire
Nursing Stress
Scale

CSA
CDS

Collaboration and Satisfaction About Care Decisions Scale is a 10-item 7-point Likert
scale is used to measure nurses’ perceptions of the level of collaboration in sharing
responsibility for solving problems and making decisions (Papanassoglu et al. 2012

WG
CM

Group processes that are a part of teamwork were assessed using the Work Group
Characteristics Measure. Subscale dimensions selected for the present study included
task interdependence and process-related group characteristics consisting of potency
(team self-efficacy), social support, workload sharing and communication/cooperation
(Purdy et al. 2010).

ERI

In the Effort-Reward Imbalance Questionnaire respondents rate their perceived
respect from superiors, colleagues and overall respect within the workplace on a
seven-point Likert scale. Higher degrees of perceived respect are indicated by higher
scores. Overall respect scores are determined by summing and averaging the three
items (17 range) (Faulkner et al. 2008).

OCl

Organisational Culture Inventory is a 120-item scale, is the most widely used tool for
measuring work cultural aspects including the three dimensions of: (1) a team
satisfaction—oriented culture, where unit norms emphasize self-expression,
achievement, cooperation, and staff development; (2) a security culture, where norms
emphasize approval adherence to procedures and conventions, dependence, and
avoidance of conflict; and (3) a task security-oriented culture, where unit norms
emphasize perfectionism, competition, opposition, and authoritarian control. A team
satisfaction—oriented culture is expected to be positively correlated with more effective
managerial practices, whereas people security and task security cultures would be
negatively associated with the development of effective managerial practices (Minvielle
et al. 2005)

NEX

Nurses Early Exit Study (NEXT-Study) investigated the reasons, circumstances and
consequences surrounding premature departure from the nursing profession based on three key
areas: (1) job-demand scale assessed by four items related to lack of time to complete
work tasks, the ability to pause work when required, pace of work, workload
distribution and adequate time to talk to patients; (2) influence at work assessed by
four items — nurses say in work tasks, how to fulfil the tasks, work pace and when to
fulfil the tasks; and (3) nurse turn over assessed by ascertaining “intent to leave
nursing” or “intent to leave the profession in the last year (Hasselhorn et al. 2008).

CPS
0oQ

The Copenhagen Psychosocial Questionnaire assesses the psychosocial work
environment based upon factors related to work stress, well-being and personality
factors.

NSS

Nursing Stress Scale is 4-point Likert-type scale—never (0), occasionally (1),
frequently (2), and very frequently (3) according to the perceived occurrence based on
34 potentially stressful situations in the workplace including: Workload, death and
dying, inadequate preparation, lack of support, uncertainty concerning treatment,
conflict with physicians and conflict with other staff.
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Survey instruments cont’d.

Instrument Description

Index of Work IWS  Consists of ten items that assess the satisfaction from interaction both among nurses

Satisfaction and between nurses and physicians including two subscales using a 7-point Likert
scale with responses ranging from 1 (““strongly agree”) to 7 (“strongly disagree”)
(Mangjlovich et al. 2005).

Job Activity JAS  Contains 12 items that measure the perceived formal power within the work

Scale environment. The JAS measures perceptions of job flexibility, discretion, visibility,
and recognition within the work environment. The items are summed and averaged to
yield a mean score ranging from 1-5 (Cai et al. 2009).

Professional PNAS A four point Likert type scale (1 = very unlikely, 4 = very likely) with 35 items

Nursing measuring role conflict and role ambiguity, and job satisfaction (lliopoulou et al.

Autonomy 2010)

Scale

Practice PEQ  Measures the four sub constructs of psychological empowerment. Twelve items are

Environment rated on a five-point Likert scale ranging from strongly disagree to strongly agree.

Questionnaire Items are summed and averaged to yield scores ranging from 1 to 5. Higher degrees
of psychological empowerment are indicated by higher scores (Faulkner et al. 2008)

Work Quality WQI  Contains a total of 38 items rated on a Likert scale ranging from 1 to 7; 1 being not

Index satisfied and 7 being satisfied. The index consists of six subscales: professional work
environment (eight items), autonomy (five items), work worth (four items),
professional relationships (eight items), role enactment (five items), and benefits
(eight items) (Lee et al. 2008).

Nursing Work NWSS A two part instrument designed to measure nurses’ expectations and satisfaction with

Satisfaction a range of six job components including autonomy, relationships, work tasks and

Scale professional status (Aitken et al. 2010).

Hamilton HAS  Rates the severity of anxiety symptoms according to a scale consisting of 13 items

Anxiety Scale including: anxious mood, tension, fears, sleep disturbances, cognitive disturbances,
depressed mood, musculoskeletal symptoms, sensory symptoms, cardiovascular
symptoms, respiratory symptoms, gastrointestinal symptoms, genitourinary
symptoms, and autonomic nervous system symptoms. The scale ranges from 0 to 4,
where zero denotes absence of anxiety symptoms and four indicates very severe
symptoms. A total score, calculated by adding the scores assigned to each item,
represents the overall anxiety level (Karinikola et al. 2012)

Corley Moral CMDS  This scale consists of twenty one items describing situations that could engender

Distress Scale

moral distress. Respondents rate both the frequency and the level of disturbance
(intensity) that the situation causes on a scale of zero to four (never occurred/not
disturbing) to 4 (occurred very frequently/greatly disturbing). For measuring current
level of moral distress, the frequency and intensity scores for each item are
multiplied. Each item product of frequency and intensity ranges from 0 to 16. These
products are added to obtain a composite score. This scoring scheme allows all
items marked as never experienced or not disturbing to be eliminated from the score,
reflecting actual moral distress (Papanassoglou et al.2012).
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7. Participant information sheet

(Page 1 of 2)

STUDY: EXPLORING THE IMPACT OF ICU ORGANISATIONAL MODELS ON NURSE
SATISFACTION AND OUTCOMES (X13-0099)
INFORMATION FOR PARTICIPANTS

Introduction

You are invited to take part in a research study to explore whether the size and organisation of
an Intensive Care Unit (ICU) has any impact on the working environment and subsequently on
job satisfaction, staff retention and staff turnover.

The impetus for this study is the fact that new and redeveloped ICUs are increasingly adopting
the ICU ‘hot-floor’ model, resulting in large capacity ICUs requiring a large clinical workforce.
The traditional model ICU of 8-15 beds has given way to ICUs of up to 70 beds being
commissioned.

Benefits of the ‘hot-floor’ model are considered to be associated with economies of scale,
concentration of resources, reduced duplicity and the potential synergies made possible
through the co-location of similar clinical specialities. However, structural changes are required
in order to effectively manage operational activity, patient flow, resource utilisation and
staffing.

There is however no evidence available on the impact of ICU organisational models on nursing
staff outcomes. Study results will inform future revisions of the Australian Health Facility
Guidelines for new and redeveloped ICUs, and contribute to the future evolution of intensive
care services.

The study is being conducted within this institution by Mr Brett Abbenbroek (PhD candidate) as
part of the requirements for a Doctor of Philosophy degree under the supervision of the
principle investigators, Professor Christine Duffield (Associate Dean: Research) and Professor
Doug Elliott (Professor of Nursing), Faculty of Health, University of Technology, Sydney.

Study Procedures

If you agree to participate in this study, you will be asked to complete a short online
questionnaire which will seek information on your perception of your working environment in
regard to organisational factors such as supervision, leadership, resourcing and job satisfaction.
When you have completed your questionnaire please review your answers to ensure all
guestions have been answered then select ‘submit completed survey’ to submit online. You will
be provided with a confirmation message once submission is complete.
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Risks

There are no anticipated risks. The questionnaire is anonymous and will take about 20 minutes
to complete.

Benefits

The study aims to inform future revisions of the Australian Health Facility Guidelines for new
and redeveloped ICUs, and to contribute to the future evolution of intensive care services.

Costs
Participation in this study will not cost you anything, nor will you be paid.
Voluntary Participation

Participation in this study is entirely voluntary. You do not have to take part in it. If you do take
part, you can withdraw at any time up until you submit your survey without having to give a
reason.

Confidentiality

All the information collected from you for the study will be treated confidentially, and only the
researchers named above will have access to it. The study results may be presented at a
conference or in a scientific publication, but individual participants will be anonymous and not
identifiable in such a presentation.

Further Information

When you have read this information, Brett Abbenbroek will discuss it with you further and
answer any questions you may have. If you would like to know more at any stage, please feel
free to contact him on mob: 0438 604 713. If you have any further concerns about the study,
please contact Professor Christine Duffield, Associate Dean (Research), Faculty of Health,
University of Technology, Sydney, by phone: 02 9514 4831 or email:
christine.duffield@uts.edu.au. This information sheet is for you to keep.

Ethics Approval and Complaints

This study has been approved by the Ethics Review Committee (RPAH Zone) of the Sydney Local
Health District. Any person with concerns or complaints about the conduct of this study should
contact the Executive Officer on 02 9515 6766 and quote protocol number X13-0099.
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8. Survey Monkey link correspondence

(email extract)

ICU Nurse Survey

To: ICU Nursing DL < NursingDL@ [l HEALTH.NSW.GOV.AU>;
Cc: Brett Abbenbroek;

ICU Study ICU Information_For_Participants.pdf99 kB
Show all 1 attachment (99 KB) Download

Hi all,

As mentioned previously an ICU research study to explore whether the size and organisation of
an Intensive Care Unit (ICU) has any impact on the working environment and subsequently on
job satisfaction, staff retention and staff turnover is being undertaken in ICU by Brett
Abbenbroek.

The impetus for this study is the fact that new and redeveloped ICUs are increasingly adopting
the ICU 'hot-floor' model, resulting in large capacity ICUs requiring a large clinical workforce.
Benefits of the 'hot-floor' model are considered to be associated with economies of scale,
concentration of resources, reduced duplicity and the potential synergies made possible
through the co-location of similar clinical specialities. Organisational changes are required in
order to effectively manage operational activity, patient flow, resource utilisation and staffing.
There is no evidence available however on the impact of ICU organisational models on ICU
nursing staff outcomes.

Staff information sessions are progressing with Brett through April to June to provide
background to the study, answer questions and review the nurse survey instrument that will

be used for the study.

You are invited to participate by completing the survey either during the information session
on hard copy or electronically via Survey Monkey. Participation is voluntary and anonymous.

Please find attached the Information for Participants brochure.

Please use the following link to complete the survey by June 30th 2014:
https://www.surveymonkey.com/s/ICU Nurse Survey

If you have any concerns please do not hesitate to discuss.

Nurse Manager
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9. ICU nurse survey instrument

ICU NURSE SURVEY

(Page 1 of 8)

UNIVERSITY OF
TECHNOLOGY SYDNEY

Centre for Health Services Management

PO Box 123, Broadwsy NSW 2007

To answer please cross in the appropriate box

A) QUESTIONS ABOUT YOUR WORK LIFE
1. What is your job title?

No: S

Registered Nurse

Clinical Nurse Specialist
Clinical Nurse Educator

Nurse Educator

Clinical Nurse Consultant
Murse Unit Manager

2. How many years have you worked as a
Registered Nurse?

3. How many years have you worked as a
Registered Nurse in ICU?

4. How many years have you worked in
THIS ICU as a Registered Nurse?

5. What is your current employment status in this ICU?

Other, please specify

6. Do you work a rotating 24 hour roster?

Nurse Manager

<1 year

1to 2 years

3 to 5 years

6 to 10 years
11 to 15 years
16 to 20 years
> 20 years

<1 vyear

1to 2 years

3 to 5 years

6 to 10 years
11 to 15 years
16 to 20 years
> 20 years

<1 vyear

1to 2 years

3 to 5 years

6 to 10 years
11 to 15 years
16 to 20 years
> 20 years

Full time

Part time 0.8 FTE
Part time 0.6 FTE
Part time 0.4 FTE
Part time 0.2 FTE

Casual

Yes

ooddd0dd poooood

o000 dooodod

cooooo

oo
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ICU NURSE SURVEY

UNIVERSITY OF
TECHNOLOGY SYDNEY

Cantre for Health S5ervices Management
PO Box 123, Broadway NSW 2007

10,

11,

12,

13.

14,

In your last work week what shifts did you
typically work?

How would you describe rostering flexibility
and ability to request shifts?

How often are you re-deployed from your
(home) ICU to another ward or ICU to work?

In your last work week, how many hours PAID
OVERTIME did you work in your ICU?

In your last work week, how many hours
UNPAID OVERTIME did you work in your ICU?

How would you describe accessibility to a
Clinical Educator in your ICU?

How would you describe the level of
clinical supervision in your ICU?

How often are you selected to be a preceptor
or mentor for another nurse?

12 hour shifts

10 hour shifts

8 hour shifts

10, 8, 8 hour mix of shifts

Other, please specify

oooo

Excellent
Good
Fair
Poor

Never

Rarely [once in 3 months)
Occasionally (once a month)
Frequently (twice a month)
Very frequently (weekly)

Nil

< 2 hours

3 to 5 hours
6 to 8 hours
> 8 hours

Nil

< 2 hours

3 to 5 hours
6 to 8 hours
> 8 hours

Excellent
Good
Fair
Poor

Excellent
Good
Fair
Poor

MNever

Rarely (once a month)
Occasionally (twice a month)
Frequently (weekly)

Very frequently (every 1 to 2 days)

o0 DdUoo D000 U000 OJO0OO0OOD DOOOO0O OODOOO
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ICU NURSE SURVEY

UNIVERSITY OF
TECHNOLOGY SYDNEY

Centre for Health Servicas Management
PO Box 123, Broadway NSW 2007

15. How often do nurses come to you for your
advice on a clinical issue?

16. Overall, in the PAST YEAR, would you say the
quality of patient care in your unit has:

17. How would you describe the quality of
nursing care delivered on your LAST ICU SHIFT?

18. How would you describe the level of occupational
health and safety in your ICU?

19. How would you describe the social cohesion
(unity) between nurses in your ICU?

20. Do you plan to leave your present nursing job in
the next 12 months?

21. Do you plan to move to an ICU in a different
hospital in the next 12 months?

22. On the whole, how satisfied are you with your
present job?

23. Independent of your present job, how satisfied
are you with being a nurse?

Never

Rarely (once a month)
Occasionally (twice a month)
Frequently (weekly)

Very frequently (every 1 to 2 days)

Improved

Remained the same
Deteriorated

| have worked less than 1 year

OoO00 OoUdUdoo

Excellent
Good
Fair
Poor

oo0D

Excellent
Good
Fair
Poor

Excellent
Good
Fair
Poor

Yes
No

Yes
No

Very satisfied
Moderately satisfied
A little dissatisfied
Very dissatisfied

Very satisfied
Moderately satisfied
A little dissatisfied
Very dissatisfied

ooo0pD 0000 OO0 OO0 COOOO0O COODOO
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ICU NURSE SURVEY

UNIVERSITY OF
TECHNOLOGY SYDNEY

Centre for Health Services Management
PO Box 123, Broadway NSW 2007

B) QUESTIONS ABOUT YOU

1. Whatis your gender?

2. Whatis your age?

3. Do you have an ICU or critical care qualification?

4, What is your highest NURSING educational
gualification?

5. What is your highest NON-NURSING educational
gualification?

Female
Male

20 to 24 years
25 to 29 years
20 to 34 years
35 to 39 years
40 to 44 years
45 to 49 years
50 to 54 years
55 to 59 years

> 60 years

Yes
Mo

RN Hospital Certificate
RN Post-Basic Certificate
RN Diploma

BScN/BN

Graduate Certificate
Graduate Diploma
Masters Degree

PhD

No Qualification
Diploma

Bachelors Degree
Graduate Certificate
Graduate Diploma
Masters Degree
PhD

o000 0 COO0C0COOCUO0OD0 00 COOOODOCOO OO
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C) THE PRACTICE ENVIRONMENT SCALE (PES)

For each item in this section, please indicate the extent to which you

E Es e
agree that the following items ARE PRESENT IN YOUR CURRENT ‘E o o ES % g
JOB. g5 55 52 £9
wy <L w1 < wa (=]
Adequate support services allow me to spend time with my
! patients. = = = =
2 Doctors and nurses have a good waorking relationship. a 3 (| a
3 A supervisory staff that is supportive of the nurses. a a a a
7 Active staff development or continuing education programs for O O Q O
nurses.
s Career development/clinical ladder opportunity. a 3 | a
&  Opportunity for nurses to participate in policy decisions. o a a 0
7 Supervisors use mistakes as learning opportunities, not criticism [ [ | [
Enough time and opportunity to discuss patient care problems
¢ with other nurses. o u = o
s Enough registered nurses on staff to provide quality patient care. a a a O
A nurse manager or immediate supervisor who is a good
10 manager and leader. = u d =
" A seniqr nursing administrator who is highly visible and O 0 Q O
accessible to staff.
12 Enough staff to get the work done. a 3 | a
12 Praise and recognition for a job well done. a a a a
High standards of nursing care are expected by the
" administration. o o d o
A senior nursing administrator equal in power and authority to
1 other top level hospital executives. = = d =
16 A lot of team work between nurses and doctors. a a a a
17 Opportunities for advancement. a 4 [ a
A clear philosophy of nursing that pervades the patient care
" environment. d d = d
19 Working with nurses who are clinically competent. Qa a a a
. A nurse manager or supervisor who backs up the nursing staff in Q Q Q Q

decision making, even if the conflict is with a doctor.

page 5/8
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For each item in this section, please indicate the extent to which you
agree that the following items ARE PRESENT IN YOUR CURRENT
JOB.

Strongly
Agree

Somewhat

Agmea

Somewhat
Disagree

Strongly
Disagree

21

Administration that listens and responds to employee concerns.

22

An active quality assurance program.

23

MNurses are involved in the internal governance of the hospital

(e_g. practice and policy committees).

24

Collaboration between nurses and doctors.

25

A preceptor program for newly hired nurses.

26

Nursing care is based on a nursing rather than a medical model.

27

MNurses have the opportunity to serve on hospital and nursing

committees._

28

Nurse managers consult with staff on daily problems and

procedures.

29

Written up-to-date nursing care plans for all patients.

30

Patient care assignments that foster continuity of care (i.e_, the

same nurse cares for the patient from one day to the next).

/0|00 0|0 |0|0|DO0|O

U 0| 0|0|0|0|0|0)0]|0

I I ) N Y N Iy

g/ g|0|0|0|l0|0|0|DO0|O

D) MASLACH BURNOUT INVENTORY (MBI)

Please read the following statements of job-
related feelings and decide if you ever feel this
way about your job.

If you have never had this feeling, select the
number “0” (zero). If you have had this feeling,
indicate how often you feel that way (from a few
times a year or less “1" to every day “67).

NB. “Recipient” is the patient in your care.

Mever

Afewtimes a
year or less

-y

Once a month

orless

Afewtimesa

month

Once a week

Afewtimesa

week

(]

Every day

1.

| feel emotionally drained from my work._

| feel used up at the end of the workday.

0| D

0| D

0| o

0| D

| feel fatigued when | get up in the morning
and have to face another day on the job.

| can easily understand how my recipients
feel about things.

0|0

0|0

0|0

0|0

| feel | treat some recipients as if they were
impersonal objects.

(]

O|0|0|0)| 0O

O

O N Y 5 A O

O

U | 0|00, 0

(]
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] ﬁ L] x ]
g 8 E ¢ t 3
v 3 28 3£ ¢ 33 %
2 <2 65 <2 &6 <% a
1] 1 2 3 4 5 6
6. Working with people all day is really a strain
for me. a a a a a o a
7. | deal very effectively with the problems of my
recipients. Q = Q = Q = Q
a. | feel bumed out from my work. a a | a a a |
g | feel I'm positively influencing other people’s
lives through my work. = = = s = = Q
10. I've become more callous toward people o Q o o o Q o
since | took this job.
11. | worry that this job is hardening me
emotionally. Q = Q = Q d Q
12. | feel very energetic. a a a a a a a
13. | feel frustrated by my job. a g Q a a | Q
14_ | feel I'm working too hard on my job. a g | a a a |
15. | don't really care what happens to some
recipients. Q = Q = Q d Q
16. Working with people directly puts too much o o o O o Q o
stress on me.
17. | can easily create a relaxed atmosphere with
my recipients. = = 9 = = d =
18. | feel exhilarated after working closely with my
recipients. = d = = = < Q
19. | have accomplished many worthwhile things o Q = Qo o a o
in this job.
20. | feel like I'm at the end of my rope. a a a a a a a
21. In my work, | deal with emotional problems
very calmly. a d a a a a a
22 | feel recipients blame me for some of their
problems. (| CI | O (| a |
page 7/8
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E) COMMENTS

1. Do you have any further comments you would like to make regarding the
organisational structure of your ICU?

Thank you for completing this survey.

page 8/8
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10. Data management planning checklist

Element Item Description/Detail
Project Project name Intensive Care Unit Hot-Floor Study
Overview ProjectID 10229716
Project website N/A
Start date 2010-01-01
End date 2015-12-31
Funding source Nil
Grant number(s) N/A
Activity type Applied research
FoR Codes 119999 - Medical and Health Sciences
SEO Codes 920299 - Health and Support Services
People Principal Professor Christine Duffield, FoH UTS
Investigator/Supervisor Professor Doug Elliott, FoH UTS
Study and data Manager Mr Brett Abbenbroek (Student)
Clinical Governance ICUA Prof. Paul Phipps/Mr Paul Hogan
Clinical Governance ICUB A/Prof Theresa Jacques/Ms Clare Lovedale
Data Data file size < 10GB
Storage Master storage location UTS Oxygen Cloud
Backup during study period External hard drive password protected
Google Cloud (Drive) password protected
Electronic Survey Survey Monkey password protected
Hard copy survey Transcribed to Excel then scanned to secure file 5
Data retention period years post publication
Ethics UTS Approval Number 2013000014
Research focus Involves human subjects
Sensitivities Non-public/deidentified
Ownership Country data collected Australia
Licensing IP Owner Principle Investigator / Study Coordinator
&IP Copyright Data owned by NSW Health Ministry
Data custodians SLHD, SESLHD & UTS
Replication All secondary copies have been securely destroyed
Metadata Standard used METeoR: metadata online registry

Data structure standards

Data type

Software for data

collection

Data management

/analysis

Software licensing

SNOMED & ANZICS APD Data Dictionary
Retrospective data from secondary clinical
registers (quantitative/deidentified), prospective
survey data (quantitative/deidentified)

Phillips IntelliSpace Critical Care, GE Centricity
Clinical Information System, ANZICS AORTIC
Portal, SQL Queries, Survey Monkey and Excel
IBM SPSS V22 & Excel

UTS
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11. SPSS codebook

Patient sample and outcome data

(Page 1 of 2)

Full variable name SPSS variable name Coding instructions Measure
HOSPITAL HOSPITAL 1=1ICUA, 2=1ICUB Nominal
Patient ID ID Record number as per random allocation Scale
Age Age in years and months Scale
Gender Gender 0 = Female, 1 =Male Nominal
Aboriginality ATSI 0 =non-ATSI, 1 = ATSI Nominal
Smoking Status Never Smoking 1 = daily, 2 = weekly, 3 = irregular, 4 = ex-smoker, 5 = never smoked Nominal
APACHEII J Score APACHE_IIl_J_SCORE None Scale
SAPSII Score SAPSII_SCORE None Scale
SAPS Risk of Death SAPSII_ROD None Scale
Intubated Intubated 0=no,1=yes Nominal
Ventilated Ventilated 0=no,1=yes Nominal
Planned Admissions Adm_Planned 0=no,1=yes Nominal
ICU Admission Source Adm_Source 1=0T, 2=ED, 3 =internal transfer, 4 = external transfer Nominal
Unplanned Extubation UE 0=no,1=yes Nominal
CLABSI CLABSI 0=no,1=yes Nominal
Pressure Ulcer PU 0=no,1=yes Nominal
VTE Prophylaxis VTEP 0=no,1=yes Nominal
ICU Mortality ICU_Mortality 0 = died, 1 = survived Nominal
ICU LOS Hours ICU_LoS_Hours in hours Scale
After-Hours Discharge AH_Discharge 0=no,1=yes Nominal
Discharge Delay Hours DD_Hours None Scale
Discharge Delay > 6hours DD_6hours 0=no,1=yes Nominal
Unplanned Readmission < 72 hours UR 0=no,1=yes Nominal
ICU Admin Date ICU_Admin_Date None Nominal
ICU Admin Time ICU_Admin_Time None Scale
ICU Discharge Decision Date ICU_Discharge_Decision_Date None Nominal
ICU Discharge Time ICU_Discharge_Decision None Scale
Discharge Date Discharge_Date None Nominal
ICU Discharge Time ICU_Discharge_Time None Scale
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Nurse sample and outcome data

Full variable name SPSS variable name Coding instructions Measure
HOSPITAL HOSPITAL 1=ICUA, 2=1CUB Nominal
Nurse ID ID Coded as per survey response Scale

Job Title Jon Title 1 = Registered Nurse, 2 = Clinical Nurse Specialist Nominal
RN_Yrs_Worked RN_Yrs_Worked 1=<1yr,2=1t02yrs,3=3to5yrs.,4=6t0 10 yrs.,5=11t0o 15 yrs., 6 = 16 t0 20 yrs., 7 = > 20yrs. Nominal
ICU_Yrs_Worked ICU_Yrs_Worked 1=<1yr,2=1t02yrs,3=3to5yrs.,4=6t0 10 yrs.,5=11to 15 yrs., 6 = 16 t0 20 yrs., 7 = > 20yrs. Nominal
This_ICU_Yrs_Worked This_ICU_Yrs_Worked 1=<1yr,2=1t02yrs,3=3to5yrs.,4=6t0 10 yrs.,5=11to 15 yrs., 6 = 16 t0 20 yrs., 7 = > 20yrs. Nominal
Emp_Status Emp_Status 1= Full Time, 2 = Part Time Nominal
Roster Roster 1 = Roster Rotating 24hours, 2 = Roster Not Rotating Nominal
Shift_Type Shift_Type 1=12hr, 2 = Mixed 10,8,8 Nominal
Roster_Flexibility Roster_Flexibility 1= Poor, 2 = Fair, 3 = Good, 4 = Excellent Nominal
Redeployed Redeployed 1= Never, 2 = Rarely (once mth), 3 = Occasionally (twice mth), 4 = Frequently (weekly), 5 = Very Frequent Nominal
Paid_OT Paid_OT 1=Nil,2=Yes Nominal
Unpaid_OT Unpaid_OT 1=Nil,2=Yes Nominal
CNE_Access CNE_Access 1= Poor, 2 = Fair, 3 = Good, 4 = Excellent Nominal
Supervision Supervision 1= Poor, 2 = Fair, 3 = Good, 4 = Excellent Nominal
Mentor Mentor 1= Never, 2 = Rarely (once mth), 3 = Occasionally (twice mth), 4 = Frequently (weekly), 5 = Very Frequent Nominal
Clinical_Advice Clinical_Advice 1 = Never, 2 = Rarely (once mth), 3 = Occasionally (twice mth), 4 = Frequently (weekly), 5 = Very Frequent Nominal
Quality_Care Quality_Care 1 =Worked < 1yr,, 2 = Deteriorated, 3 = Remained the Same, 4 = Improved Nominal
Quality_Care_Last_Shift Quality_Care_Last_Shift 1 = Poor, 2 = Fair, 3 = Good, 4 = Excellent Nominal
OHS OHS 1 = Poor, 2 = Fair, 3 = Good, 4 = Excellent Nominal
Social_Cohesion Social_Cohesion 1 = Poor, 2 = Fair, 3 = Good, 4 = Excellent Nominal
Will_Resign_Job Will_Resign_Job 1 = Resign Job, 2 = Not Resign Job Nominal
Move_ICU Move_ICU 1=Move ICU, 2 = Not Move ICUs Nominal
Job_Satisfaction Job_Satisfaction 1 = Very Dissatisfied, 2 = A Little Dissatisfied, 3 = Moderately satisfied, 4 = Very Satisfied Nominal
Nursing_Satisfaction Nursing_Satisfaction 1 = Very Dissatisfied, 2 = A Little Dissatisfied, 3 = Moderately satisfied, 4 = Very Satisfied Nominal
Gender Gender 1=Female, 2= Male Nominal
Age_Yrs Age_Yrs 1=20t024,2=25t029,3=30t034,4=351039,5=40t044, 6 =451t049,7 =50 to 54, 8 =550 59, 9 = > 60 Nominal
ICU_Qualification ICU_Qualification 1= No ICU Qualification, 2 = ICU Qualified Nominal
Highest_Nurse_Qual Highes_Nurse_Qual 1 = Undergraduate Nursing, 2 = Postgraduate Nursing,. 3 = Masters Nursing Nominal
Highest_NonNurse_Qual Highest_NonNurse_Qual 1= No Non-Nursing, 2 = Undergraduate Non-Nursing, 3 = Postgraduate Non-Nursing, 4 = Masters Non-Nursing Nominal
PES-NWI PES-NWI P1-P30 Nominal
MBI MBI M1 - M22 Nominal
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12. Aggregated work and demographic variables

qualification?

Graduate Certificate
Graduate Diploma
Masters Degree
PhD

# Question Initial Answer Stratification Revised Answer
Stratification
1  Whatisyour jobtitle? Registered Nurse Registered Nurse
Clinical Nurse Specialist Clinical Nurse Specialist
Clinical Nurse Educator
Nurse Educator
Clinical Nurse Consultant
Nurse Unit Manager
Nurse Manager
5 What is your current Full time Full time
employment status in Parttime 0.8 FTE Part time
" this ICU? Part time 0.6 FTE
s Part time 0.4 FTE
z Part time 0.2 FTE
3 Casual
< 7 Inyour last work week 12 hour shifts 12 hour shifts
§ what shifts did you 10 hour shifts Mixed shifts
Q typically work? 8 hour shifts
g 10, 8, 8 hour mix of shifts
10 Inyour last work week, Nil Nil
how many hours PAID < 2 hours Yes
OVERTIME did you 3to5 hours
work in your ICU? 6 to 8 hours
> 8 hours
11 Inyour last work week, Nil Nil
how many hours <2hours Yes
UNPAID OVERTIME did 3 to 5 hours
you work in your ICU? 6 to 8 hours
> 8 hours
4  What is your highest RN Hospital Certificate Undergraduate Nursing
NURSING educational RN Post-Basic Certificate Postgraduate Nursing
qualification? RN Diploma Masters Nursing
BScN/BN
g Graduate Certificate
= Graduate Diploma
go Masters Degree
€ PhD
a 5 What is your highest No Qualification No Non-Nursing
8 NON-NURSING Diploma Undergraduate Non-Nursing
2 educational Bachelors Degree Postgraduate Non-Nursing

Masters Non-Nursing
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13. Patient sample distribution

Frequency

Frequency

Frequency

(Page 1 of 3)

Histogram distributions for Age, APACHE IlI-J, SAPSII and LoS in ICUA and ICUB
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Boxplot distributions for Age, APACHE lll-J, SAPSII and LoS in ICUA and ICUB®
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6 SPSS defines an outlier as points that extend more than 1.5 box-lengths form the edge of the box and

appear as circles in the graph. Extreme points indicated with an asterix are those that extend more than

three box lengths
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5% Trimmed Means’

ICUA ICUB
Mean 5% Trimmed Mean Mean 5% Trimmed Mean
Age 57.65 58.03 58.45 59.06
APACHE IlI-J 60.80 59.02 65.33 63.00
SAPS I 33.80 33.24 39.05 39.68
LoS 112.65 93.64 108.98 90.42

7 Qutliers for Age, APACHE II-J and SAPS Il scores had a negligible impact on the mean supporting
retention of outliers in the analysis. The influence of extreme values for the LoS variable in both
ICUs was strong with an increase in the mean LoS of 19.01 hours in ICUA and 14.56 hours in
ICUB. In both samples outliers had a positive influence of a similar magnitude, ICUA = 16.9% vs.

ICUB 13.4%, therefore were retained in the analysis
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14. Patient sample distribution test results

Skewness and kurtosis®

(Page 1 of 2)

. Skewness Kurtosis
Variable Source L. L.
Statistic Std. Error Statistic Std. Error
ICUA -.322 .109 -.686 .218
Age (years)
ICUB -.486 .109 -.686 .218
ICUA .982 .109 1.489 .218
APACHE 111-J
ICUB 1.042 .109 .972 .218
ICUA .546 .109 .403 .218
SAPSII
ICUB .823 .109 .773 .218
Length of Stay ICUA 4.179 .109 27.895 .218
(Hours) ICUB 2.851 .109 10.352 218
Kolmogorov-Smirnov and Shapiro-Wilk®
Source Kolmogorov-Smirnov 2 Shapiro-Wilk 2
Statistic Sig. Statistic Sig.
ICUA Age .059 .000 .974 .000
APACHEIII-J Score .080 .000 .950 .000
SAPSII Score .048 .008 .979 .000
ICU LOS Hours .226 .000 .617 .000
ICUB Age .089 .000 961 .000
APACHEIII-J Score .098 .000 .929 .000
SAPSII Score .083 .000 .960 .000
ICU LOS Hours 211 .000 .679 .000

8 Skewness and kurtosis results based on analysis of standard errors

9 All continuous variables differed significantly from a normal distribution based on the Kolmogorov-

Smirnov test and examination of the normal probability plots (Normal Q-Q Plot) which did not conform

to a reasonably straight line.
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Summary of normality test results

10

Variable Test ICUA ICUB
Histogram Unimodal symmetrical Unimodal Symmetrical
Boxplot Nil outliers Nil outliers
5% Trimmed mean < 1 standard deviation < 1 standard deviation
Age Skewness Symmetrical Symmetrical
Kurtosis Approx. normality Approx. normality
Kolmogorov-Smirnov p <0.00 P <0.00
Normal Q-Q plot Low correlation Low correlation
Histogram Unimodal positive skew Unimodal positive skew
Boxplot Outliers Outliers
5% Trimmed mean < 1 standard deviation < 1 standard deviation
APACHE Ill-J  Skewness Moderate Moderate
Kurtosis Approx. normality Approx. normality
Kolmogorov-Smirnov p <0.00 P <0.00
Normal Q-Q plot Low correlation Low correlation
Histogram Unimodal positive skew Unimodal positive skew
Boxplot Outliers Outliers
5% Trimmed mean < 1 standard deviation < 1 standard deviation
SAPSII Skewness Moderate Moderate
Kurtosis Approx. normality Approx. normality
Kolmogorov-Smirnov p <0.08 P <0.00
Normal Q-Q plot Low correlation Low correlation
Histogram Unimodal positive skew Unimodal positive skew
Boxplot Far outliers Far outliers
5% Trimmed mean < 1 standard deviation < 1 standard deviation
LoS Skewness High High
Kurtosis Highly anomalous Highly anomalous
Kolmogorov-Smirnov p <0.00 P <0.00

Normal Q-Q plot

Low correlation

Low correlation

10 Tests confirmed that the four continuous variables were skewed confirming the known heterogeneity
of the ICU patient population. Variables ranged from moderately to highly positively skewed justifying the
need to undertake data transformation to determine appropriate parametric or non-parametric tests

(Tabachnick & Fidell 2013).
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15. Patient data transformation and distribution!!

Variable Source  Histogram Outliers  Skewness  Kurtosis KS? SW?

Age ICUA Symmetrical  nil -.322 -.686 .000 .000

& ICUB Symmetrical  nil -.486 -.686 .000 .000

ICUA -ve skew Yes -.663 -.282 .000 .000

Age_SQRT ICUB  -ve skew Yes -.817 -.069 .000  .000

Age LG10 ICUA -ve skew Yes -1.043 .508 .000 .000

ge- ICUB -ve skew Yes -1.202 914 .000 .000

ICUA +ve skew Yes .982 1.489 .000 .000

APACHE II-] ICUB +ve skew Yes 1.042 972 .000 .000

ICUA +ve skew Yes .342 .287 .069 .033

APACHEII_SQRT ICUB +ve skew Yes 442 -.165 .000 .000

ICUA +ve skew Yes -.515 1.091 .010 .000

APACHEII_LG10 ICUB +ve skew Yes -.212 -.123 .160 .028

SAPSI| ICUA +ve skew Yes .546 .403 .008 .000

ICUB +ve skew Yes .823 773 .000 .000

ICUA Symmetrical  Yes -.119 .218 .002 173

SAPSIL_SQRT ICUB Symmetrical  Yes .165 .155 .028 131

ICUA -ve skew Yes -1.043 2.49 .000 .000

SAPSIL_LG10 ICUB -ve skew Yes -.844 2.960 .005 .000

LoS ICUA +ve skew Far 4,179 27.89 .000 .000

ICUB +ve skew Far 2.851 10.35 .000 .000

ICUA +ve skew Far 1.746 4.890 .000 .000

LoS_SQRT ICUB +ve skew Far 1.420 2.259 .000 .000

ICUA +ve skew Far .024 .586 .021 .014

Lo5_LOG10 ICUB +ve skew Far -.141 .844 .007 .000
Notes: 1. Kolmogorov-Smirnov (Lilliefors Significance Correction)

2. Shapiro-Wilk

11 positively highly skewed data with no zeros or negative numbers require a square root or log

transformation. Both square-root (SQRT) and logarithmic (LG10) transformations were performed for
completeness (Pallant 2013). Results were then compared by visual distribution of newly generated
histograms and comparison of skewness and kurtosis values with the original analysis. Following data
transformation the distribution was no more normal than the original variables. Age became less
symmetrical, developed outliers and had worsening skewness with a slight improvement in kurtosis. The
distribution of APACHE lII-J and SAPSII scores did not benefit from either transformation method.
Improved LoS distribution in terms of skewness and kurtosis scores was achieved from for both
transformations, however, positively skewed data and far outliers persisted.
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16.

ICU service characteristics

Attribute ICUA ICUB National 12
Hospital type, beds Public, 700 Public, 650 Public, UA 3
: T
8 &
S 2 ICU type General General General
3 '2 ICU organisational model Hot-floor* Conventional ® Hot-floor (8.0%)
© Functional ICU level (CICM) 3 3 3
Training accreditation level C24 c24 C24 (95%)
Tertiary Major Trauma 4 4 UA
é Tertiary Spinal Injury X X UA
S Tertiary Severe Burns X X UA
°§ Cardiac surgery v v UA
E Neurosurgery 4 4 UA
L_% Transplant (exc. Kidney) 4 X UA
ECMO (resp. support) v 4 UA
Rapid response team 4 4 UA
ER= Discharge review/nurse liaison 4 4 UA
g § Total parenteral nutrition (TPN) v v UA
T A Venous access service v v UA
Tracheostomy service v v UA
Airway management competency v v v
E Percutaneous tracheal competency 4 4 4
'L—E) 2 Central line insertion competency v v v
g 5 Ultrasound competency v v 4
S § Process checklists (e.g. FASTHUG) v v v
'éu e Pharmacist rounds v v v
g Microbiologist rounds v 4 4
Antibiotic stewardship/anti-biograms v v v
CLABSI rates v v v
T oy VTEP and VTE rates v v v
E g MRSA rates v v v
g 2 : v v
& 2 Pressure ulcer risk a'sse'ssment / rates y y L\J;A
=2 Medication error rates
E © Adverse incident rates v v v
3 Mortality reviews and rates v v UA
Patient / family satisfaction surveys v v UA

=2
o
—
D
)

1. Source (ANZICS CORE 2014) 4. Hot-floor = GICU nested in a multispecialty service

2. N = 31 tertiary adult ICU’s
3. UA = Unavailable

5. Conventional standalone unit
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17. ICU workforce structures
. . ICUA ICUB
Staffing Attribute Hot-floor Traditional
Nurse Manager v v
Nurse Unit Manager v v
Nurse Unit Manager (After-Hours) v v
00 Team Leader/ACCESS Nurse v v
g Clinical Information System Manager v v
3 Equipment Manager v v
Research/Data Manager v v
Clinical Nurse Consultant v v
Nurse Educator X v
Clinical Nurse Educator v v
Clinical Bedside Nurse v v
Medical Director v v
- Deputy Director X v
2 Staff Specialist/VMO v v
g Senior Registrar/Registrar v v
Junior Registrar/RMO v v
Rapid Response Team v 4
ICU Snr. Physiotherapist v v
ks ICU Pharmacist v v
b= Ancillary / Orderly v v
Clerical v v
Notes: 1. Source (ANZICS CORE 2014) 4. Hot-floor = GICU nested in a multispecialty service

2. N = 31 tertiary adult ICU’s
3. UA = Unavailable

5. Conventional standalone unit
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18. ICU workforce snapshot May 2014
o ICU A ICUB e
Or%?rliﬁtlgnal Hot-floor Traditional Ci" Squarez ICR?
17 beds 15 beds X a u 16 beds
Target Establishment (FTE) 113.7  6.7/bed 103.6  6.9/bed W=110.32/
Nursing Actual (FTE) (n) % (n) % 6.27 bed
Management  11.0 9.7 16.01 15.5
Education  1.35 1.22 3.51 3.39
Clinical  100.8 88.8 84.0 81.1
Clinical Nurse Specialist  13.80 13.7 10.6 12.6 129 197
’||.|_T RN Years 7-8  17.90 17.7 10.8 12.9 111 .267
[ RN Years 56 13.60 13.5 7.60 9.10 176 .078
= RN Years 3-4  35.28 35.0 24.6 29.2 3.81  .001
32) RN Years 1-2  19.50 19.4 30.4 36.2 -6.47  .001
= Active clinical vacancies 2.0 2.10 5 4.20 - 519
; Qualified nursing staff 43 49 W=l
Shift Staffing (FTE) BH 4 AH 4 BH AH
Nurse Manager ~ 0.35 0 1 0
Nurse Unit Manager 1 0.35 1 1
Team Leader/ACCESS Nurse 0 1 0 1
Clinical Nurse Consultant ~ 0.35 0 1 0
Nurse Educator 0 0 1 0
Clinical Nurse Educator 1 0 1 0
Clinical Bedside 17 17 15 15
Medical Actual (FTE) 17.8 1.1/bed 33.8 2.3/bed p = 24.05/
1.50 bed
Management  0.35 1 p=
— Clinical Staff Specialist 4.1 9.8 =757
E Clinical Senior Registrars 4.6 6 p=353
+ Clinical Registrar/Residents 8.75 18 =119
& Shift Staffing (FTE) BH AH BH AH
b Medical Director ~ 0.35 0 0.5 0
3 Deputy Director 0 0 0.5 0
= Staff Specialist’VMO 1 0.83 1 1
Senior Registrar/Registrar 2 1 2 1
Junior Registrar/RMO 2 2 1 1
Rapid Response Team 1 1 0.5 0
Staff Specialist per patients 5.9% 4.9% 6.7% 6.7%
ICU Snr. Physiotherapist 1.5 1
o ICU Pharmacist 0.35 1
F  Ancillary / Orderly 1.35 3
« Clerical 1.7 1.5
& Allied Shift Staffing BH AH AH
B ICU Snr. Physiotherapist 1.5 On call 1 On call
= ICU Pharmacist 0.35 On call 1 On call
Ancillary / Orderly 1 0.35 2 1
Clerical 1.35 0.35 1 0.5
Notes:  1.df =1 4. BH - Business hours = Mon to Fri (8am to 6pm); AH — After-Hours
2.0=<0.05 (6.01pm to 7.59 am)
3.Source (ANZICS 2014) 5. Percentage of time with each patient on the daily ward round
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19. Workforce stability

(Page 10of 3)
ICUA & ICUB NURSING MANAGEMENT STAFF
JAN 2013 - JUN 2014
18
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14
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5l]LlJLlJLl]Ll]LlJLlILl]L

ICUA ICUB ICUA ICUB ICUA ICUB ICUA ICUB ICUA ICUB ICUA ICUB ICUA ICUB ICUA ICUB

FTE

Q1-13 Qz2-13 Qas3-13 Q4-13 Qi1-14 Apr-14 May-14 Jun-14
Nurse Manager Nurse Unit Manager
m Team Leader / Access Nurse m Clinical Information System Manager
® Equipment Manager m Research/Data Manager
m Total FTE

ICUA & ICUB NURSING EDUCATION STAFF
JAN 2013 - JUN 2014
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Clinical Nurse Consultant ~ m Nurse Educator ~ m Clinical Nurse Educator — mTotal FTE

ICUA & ICUB CLINICAL NURSING STAFF
JAN 2013-JUN 2014

120

100
g0
E 60
40
20
0

ICUA ICUB ICUA ICUB ICUA ICUB ICUA ICUB ICUA ICUB ICUA ICUB ICUA ICUB ICUA ICUB

Q1-13 Q2-13 Q3-13 04-13 Q1-14 Apr-14 May-14 Jun-14
Clinical Nurse Specialist RN Yr7-8 [ RN Yr 5-6
m RN Yr 3-4 RN Yr 1-2 mmm Total FTE

% Qualified per Head Count
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ICUA & ICUB MEDICAL STAFF
JAN 2013 - JUN 2014
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20
15
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Q1-13 Q2-13 Q3-13 Q4-13 Q1-14 Apr-14 May-14 Jun-14
Medical Director/Deputy Staff Specialist (inc. YMO)
s Senior Registrars W Registrars
. Residents . Total FTE
= Staff Specialist % of Time Per Patient
ICUA & ICUB ALLIED AND ANCILLARY STAFF
JAN 2013 - JAN 2014
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ICUA & ICUB STAFFING PROFILE AFTERNOON, NIGHT DUTY &
WEEKEND SHIFTS JAN 2013 - JUN 2014
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20. Patient sample correlation analysis

Results from Spearman’s rho of patient characteristics and severity '**3

Variable Age APACHE SAPSII ICU LOS
IlI-J Score Score Hours
ICUA" Age Correlation Coefficient 1.00 435* 460* 134
Sig. (2-tailed)? ) .000 .000 .003
APACHEIII-J Correlation Coefficient 435" 1.00 .846™ 363
Score Sig. (2-tailed) .000 : .000 .000
SAPSII Score Correlation Coefficient 460" .846” 1.00 .390"
Sig. (2-tailed) .000 .000 : .000
ICULOS  Correlation Coefficient 134 .363" .390" 1.00
Hours Sig. (2-tailed) .003 .000 .000 .
ICUB' Age Correlation Coefficient 1.00 397 429" .003
Sig. (2-tailed) . .000 .000 .950
APACHEIII-J Correlation Coefficient 397" 1.00 872" .000
Score Sig. (2-tailed) .000 . .000 .998
SAPSII Score Correlation Coefficient 429 872" 1.00 -.020
Sig. (2-tailed) .000 .000 . .660
ICULOS  Correlation Coefficient .003 .000 -.020 1.00
Hours Sig. (2-tailed) .950 .998 .660
Notes: 1. All variable sample sizes = 500 patients
2.0=<0.05

3. ™ Significant at a = <0.01 (2-tailed)

Test of difference between two independent correlation coefficients?*

One Two APACHE One Two SAPS One Two
tail  tail -J tail  tail Il tail  tail
Variable R Source Age Z° p p Score z p p Score Z p p

APACHE lll-J r1 ICUA 435

Score r. ICUB .397 725 234 468

SAPSII Score r3 ICUA  .460 .846 -

. ICUB 429 609 271 542 877 157 .058 117
ICU LOS rs ICUA .134 .363 .390
Hours. o ICUB 003 2.08 .019 .038 000 6.00 0.00 0.00 2020 6.81 0.00 0.00

12 Scatterplots for each sample confirmed weak linearity and the assumption of homoscedasticity was
upheld.

13 A moderate positive relationship was confirmed between age and APACHE lIl-J, and SAPS Il scores in
both patient samples, and age and LoS in ICUA.2® A strong positive correlation was also confirmed
between APACHE IlI-J and SAPS Il scores in both ICUs. Conversely, only ICUA had a moderate positive
correlation between LoS and APACHE IlI-J, and LoS and SAPS Il scores.

14 Coefficients were converted to a z-score using Fisher's r-to-z transformation then compared using
formula 2.8.5 from Cohen & Cohen (1983, p. 54). Conversion for the calculation to test the difference
between two independent correlation coefficients was achieved using an online interactive calculator (.
source http://www.quantpsy.org/corrtest/corrtest.htm) as IBM SPSS 22 did not possess this function
(Preacher 2002). The resulting z-scores were compared in a 1-tailed and 2-tailed method to the unit
normal distribution. By convention, values greater than - 1.96 or + 1.9 are considered significant if a 2-
tailed test is performed. Where r1 is greater than r2 the resulting value of z will be positive or if smaller
then z will be negative (Preacher 2002).
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21.

Model for within nurse groups analysis

Nurse
Characteristics

Gender
Age (years)
Job Title
Years Worked as an RN

Years Worked as an RN in ICU

Years Worked as an RN in This
ICL

ICU Qualified
Highest Nursing Qualification
Employment Status

Shift Pattern

Frequency Redeployed From ICU

Paid Overtime Worked

Unpaid Overtime Worked

Roster
Flexibility

CNE Access

Level of Supervision

Required to Mentor
Nurses

Required to Provide Clinical
Advice

Quality of Care in Past Year

Quality of Care Last Shift

OHS

Social Cohesion

Resign < 12 Months

Intend to Mowve ICUs

Job Satisfaction

Satisfaction with Nursing

Work-factors
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22. Results for within groups Pearson’s Chi-square analysis
(Page 1 of 2)
Roster CNE Level of Mentor Provide Quality of  Quality of OHS Social Resign Intend to Job Satisfaction
Hot-floor Flexibility ~ Access ~ Supervision  Nurses Clinical Carein Care Cohesion <12 Move ICUs  Satisfaction  with Nursing
Advice Past Year  Last Shift Months
Age (years) 34.921 54.821
0.029 0.00

Job Title 11.62 13.44 114

0.003 0.009 0.010
Years Worked as 55.824 39.915 39.81s 3.4
an RN 0.00 0.002 0.002 0.026
Years Worked as 22.812 64.424 55.918
anRNinICU 0.029 0.00 0.00
Years Worked in 18.41 21110 47 .82 43.015
This ICU 0.049 0.020 0.00 0.00
ICU Qualified
Highest Nursing
Qual.
Highest Non 15.36
Nursing Qual. 0.018
Employment 11.73
Status 0.009
Shift Pattern 14.14 20.43 12.0;

0.007 0.000 0.007

Frequency 32.446 9.74 24.51
Redeployed 0.009 0.046 0.018
Paid Overtime
Worked
Unpaid Overtime 6.9 16.53
Worked 0.031 0.001
Notes: 1. Significant associations reported as (x%,a)

2. a=<0.05 Asymptotic Sig (2 sided),

3. Yates continuity correction
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Conventional Roster CNE Level of Mentor Provide Quality of ~ Quality of OHS Social Resign Job Satisfaction
Flexibility Access Supervision Nurses Clinical Carein Care Cohesion <12 Satisfaction  with Nursing
ICU Advice Past Year  Last Shift Months
Age (years) 40.324 37.518
0.02 0.005
Job Title 22.64 8.93 6.4
0.000 0.03 0.04
Years Worked 51.24 53.818 17.7s
asanRN 0.001 0.00 0.001
Years Worked
asanRNin 51.92 46.515
ICU 0.00 0.00
Years Worked 22.812 43.01 37.212 12.24
in This ICU 0.030 0.00 0.00 0.016
8.43 1714 10.43
ICU Qualified 0.039 0.002 0.016
Highest Nursing 12.76 14.04 20.3s 12.5 10.84
Qual. 0.048 0.007 0.009 0.051 0.029
Highest Non 15.26
Nursing Qual. 0.019
Employment 8.3 5.9
Status 3:0.030 0.06
Shift Pattern 10.26 6.66
0.017 0.038
Frequency 23.912 51.012
Redeployed 0.021 0.00
Paid Overtime
Worked
Unpaid Overtime 8.0 10.94 10.0 5.13% 7.7,
Worked 0.047 0.028 0.018 0.24 0.021
Notes: 1. Significant associations reported as (x%,a)

2. a=<0.05 Asymptotic Sig (2 sided),
3. Yates continuity correction
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23. Principal component analysis

(Page 1 of 2)

PES-NWI correlation matrix

P1 P2 P3 P4 P5  P6 P7 P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20 P21 P22 P23 P24 P25 P26 P27 P28 P29 P30
1 [1.000
P2 1287 1.000
P3 261 279 1.000
P4 1302 317 .335 1.000
P5 1233 288 .343 .563 1.000
P6 1210 243 303 450 429 1.000
P7 1255 348 393 411 416 .506 1.000
P8 1383 .165 .105 137 260 .142 .288 1.000
P9 1330 306 .166 .306 .253 .221 .283 .296 1.000
P10 1265 205 151 444 328 424 458 112 120 1.000
P11 1243 291 231 315 178 316 .362 .174 178 448 1.000
P12 1421 210 232 349 260 .135 206 .375 655 .163 .297 1.000
P13 1474 359 323 525 471 375 441 297 313 518 309 .394 1.000
P14 1390 188 249 250 232 191 215 302 192 .099 .107 213 .299 1.000
P15 1280 285 204 379 353 275 349 418 324 254 316 .378 .365 .378 1.000
P16 1349 552 326 231 .330 175 306 275 313 146 216 230 .369 .281 .353 1.000
P17 1301 353 201 438 624 406 400 289 268 .398 .368 .245 474 246 311 448 1.000
P18 1252 220 333 .391 381 237 218 277 374 190 182 444 468 332 359 364 406 1.000
P19 1189 366 .308 .396 .284 118 320 243 381 151 199 397 322 .367 .338 488 288 416 1.000
P20 1306 321 273 428 324 418 471 237 287 451 336 219 374 328 398 263 355 276 .350 1.000
P21 1284 465 224 448 359 332 431 148 363 376 458 335 .397 137 445 391 465 327 428 365 1.000
P22 1288 243 191 239 231 333 375 167 341 280 140 220 415 207 328 282 273 323 219 314 435 1.000
P23 1316 .074 189 274 333 433 296 206 .230 .163 .131 .098 .312 195 273 215 239 292 120 212 314 449 1.000
P24 1220 531 307 233 294 219 229 159 265 146 257 152 251 159 211 564 392 254 385 279 446 378 280 1.000
P25 1302 145 180 321 222 289 181 151 210 282 264 128 226 .317 213 175 166 .208 .316 .333 205 410 .387 .288 1.000
P26 1260 206 311 131 086 .223 345 260 .167 .165 218 111 203 260 .248 229 163 258 297 359 .334 401 287 .382 .313 1.000
P27 1235 253 242 164 360 .326 .201 247 .100 136 170 .087 314 303 .289 362 .327 333 186 .227 270 483 548 315 438 .379 1.000
P28 1263 319 189 345 327 360 .371 287 233 407 319 115 412 262 313 282 332 215 343 460 482 389 310 .390 .372 416 423 1.000
P29 1124 168 129 200 .107 106 .035 .142 204 -078 122 206 .201 .263 .288 131 110 139 15 101 266 247 122 224 143 233 148 258 1.000
P30 |282 207 089 276 190 178 195 062 310 149 260 .235 167 241 262 .093 167 .097 102 .286 302 205 163 125 263 191 201 273 .305 1.000
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MBI correlation matrix

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 M22
M1 1.000
M2 712 1.000
M3 .690 .749 1.000
M4 .148 .235 .186 1.000
M5 .166 .260 .201 -.079 1.000
M6 423 415 443 -.004 .265 1.000
M7 128 .182 .058 .300 =173 -.042 1.000
M8 .702 .634 .652 134 .106 522 .092 1.000
M9 -.099 -.091 -.143 -.009 -.074 -.189 .233 -.257 1.000
M10 132 .188 .195 -.233 257 .360 -.149 292 .024 1.000
M11 .256 277 .281 -.155 .149 426 -129 478 -.166 527 1.000
M12 -.395 =273 =377 -.014 -.095 -.332 .206 -.395 326 .004 -120 1.000
M13 518 407 458 .010 .093 374 .069 .563 -.099 157 .320 -.330 1.000
M14 493 495 479 128 .088 404 .106 .594 -.167 214 .293 -.183 .533 1.000
M15 173 .207 272 -.075 .089 488 -.148 .304 -.266 318 343 =171 232 .262 1.000
M16 434 .349 443 .014 125 .624 -.025 574 -.204 313 .382 -.306 463 414 424 1.000
M17 -.261 -.169 -.205 .167 -.109 -192 .150 -.239 112 .027 .053 314 -317 -.082 -.150 -141 1.000
M18 -.052 -.109 -.035 151 -.210 -.083 138 -.057 225 -.012 .014 219 -.070 .008 -.155 -.027 .252 1.000
M19 -.099 -.040 -.025 .105 =131 -.146 .155 =221 429 -.073 =177 373 -.259 -133 -.210 -.232 279 441 1.000
M20 .558 .548 .548 .063 125 .519 .030 .630 -.186 274 456 -.292 .589 .509 429 .687 -.163 =117 -.218 1.000
M21 -.340 -.262 -.354 .088 -.329 -.374 .285 =277 .240 -.233 -.180 .398 -.140 -.249 -.263 -.400 .195 222 .265 -.254 1.000
M22 225 .270 .289 .074 .153 .268 -.076 311 .013 .270 221 -.058 .326 .268 .145 244 -114 .076 .020 351 -.142 1.000
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24. PES-NWI principal component analysis scree plot

Scree Plot
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25. Subscale factor loadings

(Page 1 of 2)

Subscale PES-NWI ltem Factor
Indicator Description No. Loading
Career development/clinical ladder opportunity 5 559
Opportunity for nurses to participate in policy decisions 6 654
A senior nursing administrator who is highly visible and accessible to 11 542
staff
A senior nursing administrator equal in power and authority to other 15 492
Nurse top level hospital executives
Participation in Opportunities for advancement 17 .558
Hospital Affairs ~ Administration that listens and responds to employee concerns 21 481
Nurses are involved in the internal governance of the hospital (e.g. 23 J17
practice and policy committees)
Nurses have the opportunity to serve on hospital and nursing 27 J76
committees
Nurse managers consult with staff on daily problems and procedures 28 429
Active staff development or continuing education programs for nurses 4 648
High standards of nursing care are expected by the administration 14 497
A clear philosophy of nursing that pervades the patient care 18 .601
Nursing environment
Foundations for Working with nurses who are clinically competent 19 .554
Quality Care An active quality assurance program 22 586
A preceptor program for newly hired nurses 25 582
Nursing care is based on a nursing rather than a medical model 26 522
Written up-to-date nursing care plans for all patients 29 510
Patient care assignments that foster continuity of care (i.e., the same 30 633
nurse cares for the patient from one day to the next)
A supervisory staff that is supportive of the nurses 3 .360
Nurse Manager  Supervisors use mistakes as learning opportunities, not criticism 7 640
Ability, A nurse manager or immediate supervisor who is a good manager 10 805
Leadershipand  and leader
Support of Praise and recognition for a job well done 13 544
Nurses A nurse manager or supervisor who backs up the nursing staff in 20 536
decision making, even if the conflict is with a doctor
Adequate support services allow me to spend time with my patients L 522
Staffing and . . . . .
Resource Enough time and opportunity to discuss patient care problems with 8 575
Adequacy other nurses
Enough registered nurses on staff to provide quality patient care 9 625
Enough staff to get the work done 12 781
. Doctors and nurses have a good working relationship 2 718
Collegial Nurse-
Doctor relations Alot of tegm work between nurses and doctors 16 .753
Collaboration between nurses and doctors 24 167
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Subscale . MBI N ltem Fact.or
Indicator Description No.  Loading
| feel | treat some recipients as if they were impersonal objects. 5 331
I've become more callous toward people since | took this job 10 .780
Depersonalisation | worry that this job is hardening me emotionally 11 .686
| don't really care what happens to some recipients 15 526
| feel recipients blame me for some of their problems 22 322
| feel emotionally drained from my work 1 822
| feel used up at the end of the workday 2 813
| feel fatigued when | get up in the morning and have to face 3 .804
another day on the job
. . Working with people all day is really a strain for me 6 533
Emotional Exhaustion | feel burned out from my work 8 816
| feel frustrated by my job 13 657
| feel I'm working too hard on my job 14 .686
Working with people directly puts too much stress on me 16 576
| feel like I'm at the end of my rope 20 718
| can easily understand how my recipients feel about things 4 465
| deal very effectively with the problems of my recipients 7 410
| feel I'm positively influencing other people's lives through my 9 579
Personal work .
Accomplishment [ feel very energetic . N 12 638
| can easily create a relaxed atmosphere with my recipients 17 548
| feel exhilarated after working closely with my recipients 18 649
| have accomplished many worthwhile things in this job 19 713
In my work, | deal with emotional problems very calmly 21 483
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26. Varimax rotation subscale factor loadings

PES-NWI

Rotation Sums of Squares Loadings

Component % of Variance Cumulative %
1 14.541 14.54
2 11.933 26.47
3 10.492 36.97
4 10.483 47.45
5 6.248 53.70
MBI
Rotation Sums of Squares Loadings
Component % of Variance Cumulative %
1 24.976 24.98
2 12.612 37.59
3 12.520 50.11
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27. Confirmatory factor analysis

(Page 1 of 2)

PES-NW/I' 6
Goodness of Fit Indices Value
RMSEA 0.08 (90% CI 0.07 - 0.09: p = 0.000)
Ccbh 0.98
CFI 0.80 (0.78)
TLI 0.89

15 A five-factor CFA analytic model with adequate fit indices provided evidence of factorial
validity (internal structure). Validity evidence includes instrument content (expert evaluations),
internal structure (e.g., item analysis, factor analysis) and relationships to other variables (e.g.,
convergent, discriminant, criterion). CFA addresses multiple validations simultaneously
(Gajewski et al. 2010). Restrictions can be placed on parameter estimates including factor
loadings, variances and covariance’s, thereby resulting in a more parsimonious model (Brown
2003). Initially developed by Jéreskog (1967), CFA is used to test whether measures of a
construct are consistent the understanding of the nature of that construct or factor. As such,
the objective of confirmatory factor analysis is to test whether the data fit a hypothesised
measurement model i.e. the PES-NWI in the present study. Statistically significant relationships
between the manifest variables (items) and the latent variable (subscale) provide support for
convergent validity, whereas low to moderate correlations among the subscales provide
evidence of discriminant validity. This provided a measure of fit to the model for the data in this
present study. Goodness of fit was evaluated using the Root Mean Square Error of
Approximation (RMSEA) and its 90% Confidence Interval (90% Cl), Coefficient of Determination
(CD), Comparative Fit Index (CFl), and the Tucker—Lewis Index (TLI) (Kline 2011). Acceptable
model fit was defined by the criteria: RMSEA (<0.08, 90% CI < 0.08), CD (>0.80), CFI (>0.80) and
TLI (>0.90). Multiple indices were used because they provide different information about model
fiti.e. absolute fit, fit adjusting for model parsimony, fit relative to a null model, and when used
together, these indices provide a more conservative and reliable evaluation of the solution
(Brown 2003).

16 The total nurse sample was used to evaluate whether the PES-NWI measurement properties
using STATA 14 (Statacorp, Texas) statistical software due to IBM SPSS 22 being limited to
exploratory factor analysis.
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MBI

Goodness of Fit Indices Value
RMSEA 0.05 (90% CI 0.03 - 0.07: p < 0.05)
Ccbh 0.99
CFI 0.80 (0.94)
TLI 0.93

17 The three-factor MBI CFA analytic model was assessed using STATA 14 statistical software
program according to the process and parameters used in the PES-NWI CFA. All goodness of fit
indices indicated the three-factor model was an acceptable fit to the data. The twenty-two item
MBI used in this study was shown to be a reliable assessment of nurse burnout demonstrating
internal consistency with high Cronbach’s alpha scores for all subscales. Following PCA using
Varimax rotation the twenty-two items loaded onto three factors explaining 50.1% of variance.
These findings are consistent with similar studies that considered reliability and validity of MBI
as a suitable instrument in acute care nurse populations (Lee, Chien & Yen 2013; Pisanti et al.
2013; Shamali et al. 2015). Furthermore, the reliability and validity attributed to MBI in this
nurse sample population emulates the results associated with development of the MBI by the
original author (Maslach & Jackson 1981b; Maslach, Jackson & Leiter 1996a).
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28. Nurse sample distribution plots
(Page 1 of 4)

PES-NWI Subscale Histograms 2
ICUA ICUB
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18 Subscales appeared normally distributed with a slight positive skew displayed for ‘Nurse Participation in Hospital
Affairs’ and ‘Nursing Foundations for Quality of Care’ in the ICUA group. Scores were narrowly dispersed around the
mean more than in similar research (Klopper et al. 2012). In particular the ‘Nurse Manager Ability, Leadership, and
Support of Nurses’ subscale demonstrated a peaked mesokurtic distribution indicating narrow dispersion suggesting
a high level of agreement on the performance of the Nurse Manager as a leader in both units.
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PES-NWI Subscale Boxplots
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MBI Subscale Histograms
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ICUA

MBI Subscale Boxplots
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29. Nurse sample distribution test results

(Page 1 of 3)

PES-NWI !
Subscale Statistic ICUA ICUB

5%Trimmed Mean 2.82 2.9
Skewness 2 129 SE .266 -402  SE .302

Nurse participation in Kurtosis 2 153 SE .526 -463  SE .595

hospital affairs Stat df a®  Stat df a
Kolmogorov-Smirnov .089 82 61 131 63 .009
Shapiro-Wilk .984 82 422 969 63 109
5%Trimmed Mean 2.9 3.1
Skewness 213 SE .266 -029  SE .302

Nursing foundations ~ Kurtosis -214  SE .526 -407  SE .595

for quality of care Stat df a  Stat df a
Kolmogorov-Smirnov 125 82 003 .079 63 .200
Shapiro-Wilk 975 82 131980 63 .392
5%Trimmed Mean 2.8 3.1
Skewness -220  SE .266 -683  SE .302

Nurse Manager Kurtosis -177  SE 526 330 SE .59

ability, leadership and

support Stat af a Stat af a
Kolmogorov-Smirnov 110 82 016 118 63 .029
Shapiro-Wilk .980 82 237 955 63 .022
5%Trimmed Mean 2.8 3.0
Skewness .036  SE .266 -132  SE .302

Staffing and resource Kurtosis .080  SE .526 -881  SE .595

adequacy Stat df a  Stat df a
Kolmogorov-Smirnov 135 82 .001 126 63 015
Shapiro-Wilk .968 82 036  .958 63 .031
5%Trimmed Mean 3.1 3.1
Skewness -234  SE .266 -015  SE.302

Collegial Nurse- Kurtosis -353  SE 526 1.65  SE .595

Physician relations Stat df a Stat df a
Kolmogorov-Smirnov 227 82 000 .272 63 .000
Shapiro-Wilk 905 82 .000 .864 63 .000

Notes:

1. See analysis footnote 13 4

2. Zero = perfect symmetry, between - %2 and + 2 = approximate symmetry, between -2 and -1 or +/4

and + 1= moderate symmetry, less than — 1 or greater than +1 = a high degree of skewness.

3. a=<0.05.

295



PES-NWI subscale calculated z-scores *

Calculated z-score 2

Subscale ICUA ICUB

Nurse participation in hospital affairs Skewness 0.48 -1.33
particlp P Kurtosis 0.29 -0.78
Nursing foundations for quality of care Skewness 0.80 -0.10
& quality Kurtosis -0.41 -0.68

- . Skewness -0.82 -2.26

Nurse Manager ability, leadership, and support of nurses Kurtosis 034 0.55
Staffing and resource adequac Skewness 0.14 -044
g quacy Kurtosis 0.15 148

. . . Skewness -0.88 -0.05
Collegial Nurse- Physician relations Kurtosis - 0.67 277

Notes: 1. See analysis footnote 1%:2°
2. Skewness and Kurtosis values divided by the standard error if the ratio (z score) is
greater than -1.96 to +1.96 then, in accordance with statistical z-tables, kurtosis is
statistically significant at a < 0.05 and the hypothesis of normality is rejected.

19 5% trimmed mean values were equal to original mean values for all subscales and the narrow
distribution enabled all outliers to be retained. Skewness values reflected approximate symmetry across
all subscale scores in ICUA. In contrast moderate to high Kurtosis was found in ICUB for ‘Staffing and
resource adequacy’ and ‘Collegial Nurse- Physician relations’ subscales. Kolmogorov-Smirnov values were
statistically significant, indicating the assumption of normality was not upheld for three subscales; ‘Nurse
Manager ability, leadership, and support of nurses’, ‘Staffing and resource adequacy’ and ‘Collegial Nurse-
Physician relations’ in both units. Shapiro-Wilk values were statistically significant therefore the
assumption of normality was not upheld for ‘Nurse Participation in Hospital Affairs’in ICUB and ‘Nursing
Foundations for Quality of Care’ and ‘Nurse Manager Ability, Leadership, and Support of Nurses’ in ICUA.
Normal Q-Q plots indicated conformity to a straight line suggesting a close positive correlation between
expected and observed normal distributions for each subscale.

20 Conflicting results required z-scores to be calculated using the standard error to test for distribution
symmetry. In a majority of subscales the skewness z statistic indicated approximate symmetry of the
distribution for both ICUA and ICUB. The subscale for ‘Nurse Manager Ability, Leadership, and Support of
Nurses’ subscale was less symmetrical as the z statistic was greater than — 1.96. However, the initial
skewness score was — 0.683 and close to approximate symmetry, therefore overall approximate symmetry
was assumed for all subscales. Data from ICUB was asymmetrical with a high kurtosis value and the z
statistic was > +1.96 and therefore statistically significant (a = < 0.05). Review of boxplots revealed a single
extreme outlier. Taking this into account and the equality between of the sample mean and 5% trimmed
means the outlier was retained and the assumption of approximate symmetry upheld.

296



MBI

Subscale Statistic ICUA ICUB
5%Trimmed Mean 7.25 5.83
Skewness! 407  SE.266 .761  SE .302
Depersonalisation Kurtosis! -604  SE.526 -562 SE.595
Stat df a’  Stat df a
Kolmogorov-Smirnov .109 82 .018 .172 63 .000
Shapiro-Wilk .957 82 .007 .901 63 .000
5%Trimmed Mean 21.9 19.03
Skewness .388 SE .266 .233  SE.302
Emotional Kurtosis -.316 SE .526 -.231 SE.595
Exhaustion Stat df a Stat df a
Kolmogorov-Smirnov .074 82 .200 .069 63 .200
Shapiro-Wilk .972 82 .073 .986 63 .676
5%Trimmed Mean 34.65 36.46
Skewness -.361 SE .266 -.483 SE.302
Personal Kurtosis -.934 SE .526 477  SE .595
Accomplishment Stat df a Stat df a
Kolmogorov-Smirnov 112 82 .013 .107 63 .073
Shapiro-Wilk 951 82 .003 .952 63 .015
Notes: 1. zero = perfect symmetry, between - % and + % = approximate symmetry,

between -% and -1 or +}4 and + 1= moderate symmetry, less than — 1 or greater than
+1 = a high degree of skewness

2.a=<0.05.
MBI subscale calculated z-scores
Calculated Z Score !

Subscale ICUA ICUB

Skewness 1.53 2.51
Depersonalisation

Kurtosis -1.14 -0.94

Skewness 1.46 0.77
Emotional Exhaustion

Kurtosis -0.60 -0.39

Skewness -1.36 -1.59
Personal Accomplishment

Kurtosis -1.78 0.80

Notes: 1. Skewness and Kurtosis values divided by the standard error, if the ratio (z score)
is greater than -1.96 to +1.96 then, in accordance with statistical z-tables, kurtosis
is statistically significant at a < 0.05 and the hypothesis of normality is rejected
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30. PES-NWI and MBI correlation coefficients

Spearman’s rho results for practice environment and burnout subscales
PES-NWI MBI

PAR FOU MAN RES COL DP EE PA
PES_PAR  Corr. Coeff. 1.000
Sig. (2-tailed) .
PES_FOU Corr. Coeff. 702" 1.000
Sig. (2-tailed) .000 .
PES_MAN  Corr. Coeff. 663" 526" 1.000
Sig. (2-tailed) .000  .000 .
PES_RES Corr. Coeff. 453" 443" 403" 1.000
ICUA Sig. (2-tailed) .000 .000 .000 .
N =82PES_COL Corr. Coeff. 516" 516" 447" 410"  1.000
Sig. (2-tailed) .000  .000 .000 .000 .
MBI_DP Corr. Coeff. =234 -177  -118  -118 -153  1.000
Sig. (2-tailed) 03 112 293 291 170 .
MBI_EE Corr. Coeff. -564" -411" -452" -443" -304" 438" 1.000
Sig. (2-tailed) .000 .000 .000 .000 .006 .000 .
MBI_PA Corr. Coeff. 204 280" 173 185 318" -378" -.321" 1.000
Sig. (2-tailed) 066 008 121 096 .004 .000 .003
PES_PAR  Corr. Coeff. 1.000
Sig. (2-tailed) .
PES_FOU  Corr. Coeff. 678" 1.000
Sig. (2-tailed) .000 .
PES_MAN  Corr. Coeff. J47T 6617 1.000
Sig. (2-tailed) .000 .000 .
PES_RES  Corr. Coeff. 394" 589" .384" 1.000
ICUB Sig. (2-tailed) .001 .000 .002 .
N =63PES_COL Corr. Coeff. 534" 494" 400" 453" 1.000
Sig. (2-tailed) .000 .000 .001 .000 .
MBI_DP Corr. Coeff. -309° -214 -273 -303 -370" 1.000
Sig. (2-tailed) 014 .091 .031 016 .003 .
MBI_EE Corr. Coeff. -369" -177 -246 -4217 -389" 552" 1.000
Sig. (2-tailed) .003 165 .052 .001 .002 .000 .
MBI_PA Corr. Coeff. 285" 247 212 188 123 -258" -148 1.000

Sig. (2-tailed) 023 .051 096 140 337 .041 248

Notes:  *Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)
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31. PES-NWI and MBI subscale correlation coefficients and z-scores?!

o -} = wn —
v = Two Q Two < Two W Two 8§ Two o Two Two
Q : . . . . a . (T} .
=R tail o tail o tail o tail o tail _ tail _ tail
Variable r S & Z'p o Z p g2 Zop g2 Zp a2 Zp S Zop S Zop
rm ICUA -
PES_PAR r»  ICUB -
rs  ICUA 702"
PES_FOU . ICUB 678" 268 790 i
PES_MAN ° :ggg ?ﬁ? -981 327 gé? 123 220
PESRES " 008 s 420 674 gl A7 242 40T 431 900
ro  ICUA 516 516" 447 410"
PES_COL o ICUB 534" -150 .885 404" A72 863 400" 340 740 453" -309 .760 i
rin  ICUA -.234 =177 - 118 - 118 -153
MBLDP ' \CUp Taog 473 840 Touy 230 822 T,o. 943 35 T 143 267 T 37 ATt
ri3  ICUA -.564" - 411" -.452" -443" -.304" 438
MBI_EE ru  ICUB -369" -1.47 142 177 151 132 246 -1.38 170 41" -158 874 -389" 570 572 550" -890 .380 i
ris ICUA .204 .289" A73 185 318 -.378" -.321"
MBI_PA s ICUB 285 -503 615 247 264 792 919 -237 813 188 -018 .990 123 120 .230 - 58" -781 435 148 -1.10  .283

Notes: 1. Source: http://www.quantpsy.org/corrtest/corrtest.htm (Preacher 2002)

21 Correlations obtained for the two groups were tested to determine if they were significantly different by converting coefficients into z-scores using Fisher's r-to-z
transformation and compared using formula 2.8.5 from Cohen & Cohen (1983, p. 54). By convention, values greater than — 1.96 or + 1.9 are considered significant if a 2-tailed
test is performed. No calculated z-obs score breached the -1.96 < z-obs < 1.96 confirming no statistically significant difference exists between groups.
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32. Critical Mahalanobis distance values??

Number of dependant . PES-NWI MBI
. Critical Value
variables (df.) ICUA ICUB ICUA ICUB
13.82
16.27 10.40 8.87
18.47
20.52 15.10 14.51
22.46
24.32
26.13
27.88
29.59

1. Source: (Pallant 2013) p. 298

O 00 N O U1 & WN

=
o

22 Multivariate normality confirmed using linear regression to generate assess Mahalanobis distances to
assess multivariate outliers, based on a Chi-square distribution. Critical Chi-square values for two to ten
degrees of freedom, at a critical alpha of 0.001, along with corresponding Mahalanobis distances for both
subscales are shown above. Results confirmed that no scores exceeded the critical values relevant for the
number of dependent variables to be tested using MANOVA. The assumption of multivariate normality
was therefore upheld. Additionally, the assumption of linearity was confirmed and dependent variables
exhibited moderate correlation.
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33. Multivariate MANOVA! results
Demographic, work factors and PES-NWI by site

(Page 1 of 10)

Multivariate Univariate

PES-NWI Box test Le\t/::te’s L\;Vrirlllt()ga Pillai’'s Trace Partial BetweEe frf]egti bjects

Subscale Ne F Sigb F Sige Vae Sig¢ Vae Sig 254 F  gige o

PESPAR o o 802 495 059 809 000

PES.FOU oun ¥ 130 277 953 331 007

Gender PESMAN |oum 118 194 120 317 976 640 024 06 746 001
PESRES |oum 142 240 023 880 000

PES.COL |oum 797 497 123 269 009

PES PAR SR 168 066 186 002 079

PESFOU S X 625 840 147 194 063

Age  PESMAN SUR X 112 475 102 43 465 846 033 128 270 056
PESRES S X 186 036 610 T2 027

PES COL |S0A X 163 081 411 829 021

PESPAR oun 7 128 283 301 53 003

PES.FOU [oUA Y 871 458 473 493 003

ICU Qualified PESMAN [S08 7 120 002 717 543 08 556 08 312 577 002
PES.RES [oUA ¥ 451 00 565 453 004

PES.COL |oun 7 173 a2 257 613 002

PESPAR [ouA ¥ 800 552 119 306 017
rigrestNursing = i§§§ 2 982 431 199 141 028
Qualification PES MAN S0R 7 133 030 157 473 947 678 027 236 098 033
PESRES |oun o 148 202 484 B17 007

PES.COL [oUA ¥ 724 606 052 949 001

PESPAR oun % 81 564 149 218 032

Highest Non- PES.FOU 1508 % 112 35 246 086 051
Qu’\;ﬁ;i:igt?on PESMAN IOV Y 8% 776 507 828 482 041 061 115 332 025
PES.RES [oUA ¥ 901 508 201 083 047

PES.COL oun % 188 078 250 062 052

Notes: 1. N in each cell > than number of dependent variables tested = v" i.e. PES-NWI = 5

2. Significance > 0.001 the homogeneity of variance is upheld
3. Significance < 0.05 then assumption of equality of variance is violated

4. Significance < 0.5 then a difference between groups

5. Bonferroni correction not applied a = < 0.05
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Demographic, work factors and PES-NWI by site (cont’d.)

Multivariate Univariate
Levene’s Wilk's S Between-Subjects
PES-NWI Box test test Lambda " aIS TrCE  pyrig Effects
. . \ . Eta Sq. ) i
Subscale Ne F Sigb F Sigc Value Sigd Value Sig ¢ Sig.e I;:rtslzl
pEs pAR 1CUA ¥ 864 461 707 402 005
= ICUB v o4 A7 :
ICUA v
PESFOU Cp v 166 179 000 999 .000
i v
Job Title  peg an :gﬂg Y108 330 140 245 953 .48 047 186 667 001
ICUA v
PESRES C)p v 236 075 000 995 000
ICUA v
PESCOL g v 113 339 478 031 033
ICUA X
PESPAR 0h « 144 149 470 829 021
PES_FOU :gﬂg § 104 422 931 475 041
Years Worked ICUA X
asanRN PESMAN S5 4 122 065 131 214 45 923 029 629 706 028
ICUA X
PESRES s x 128 232 27 967 010
ICUA X
PESCOL C)p « 116 314 843 539 037
ICUA X
PESPAR Cf o 107 301 801 551 029
Years Worked PES-FOU 1o & 706 743 141 26 051
asanRNin ICUA X
CU | PESLMAN | Sid 7 149 000 220 01 202 321 040 705 620 026
ICUA X
PESRES Cop 171071 217 062 076
ICUA X
PESCOL Cop v 174 070 101 412 037
ICUA X
PESPAR Cf 212 027 134 258 038
Years Worked PES-FOU o % 101 440 225 067 063
asanRNin ICUA X
Theicy  PESMAN | Chp 141 001 199 039 200 17 050 125 081 .03
ICUA X
PESRES o 148 155 131 108 038
ICUA X
PESCOL \Gip v 104 416 165 066 047
ICUA v
PESPAR Cf 105 372 795 374 006
ICUA v
PESFOU Cp v 175 159 008 929 .000
Employment ICUA
S PESMAN (g 132 080 368 776 966 438 034 288 592 002
PES.RES GUA 7 120 311 155 695 001
s ICUB v 2 A% :
ICUA v
PESCOL C)p v 177 155 259 110 018
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Demographic, work factors and PES-NWI by site (cont’d.)

Multivariate Univariate
Levene’s Wilk's I Between-Subjects
PES-NWI Box test test Lambda Pillai’s Trace Partial Effects
Subscale Ne F Sigb F Sige Vaue Sig¢ Vaue Sig TB5% F  sige e
PES pAR ICUA Y 857 465 75 099 019
| o 857 . 275 .
ICUA v
PESFOU S8 7 777 509 250 116 017
Shift ICUA v
outo,  PESMAN (CUB V121 62 18 T4 9% 104 064 130 256 009
pEs REs ICUA Y 248 063 609 015 041
= ICUB v 4 . .. :
ICUA v
PESCOL n 664 576 060 807 000
ICUA X
PES PAR |SU8 X 231 019 481 750 014
PES_FOU :gﬂg i 197 058 5% 711 016
Frequency ICUA X
Redeployed PES MAN \CUA 1 128 043 319 002 168 271 042 431 786 013
From |CU ICUA X
PESRES CUn X 191 056 885 475 .02
ICUA X
PES COL S8 X 116 324 167 161 047
ICUA v
PESPAR |SUN ) 122 306 274 601 002
v
PES_FOU :gﬂg Y 604 613 038 845 000
Paid Overtime OUA v
Worked ~PES MAN SU8 (805 765 185 141 039 350 039 135 714 001
ICUA v
PESRES |S0n 1 127 288 198 162 014
ICUA v
PES COL |SU8 ) 839 475 689 408 005
ICUA v
PESPAR SN 7 155 204 129 720 001
ICUA v
Unpaid PESFOU (S0b v 473 915 014 905 000
Overtime ICUA Vv
o PESMAN (SUR 7 132 074 404 687 003 993 003 000 999 000
pEs REs ICUA ¥ 051 418 067 79 000
= ICUB v 951 067 . :
ICUA v
PESCOL 208 7 331 02 005 947 000
ICUA v
PESPAR |SUN ) 751 629 243 068 050
v
PES_FOU :gﬂg 4 152 166 170 A70 036
Roster ICUA ¢
Flexibilty PES MAN o8 121 106 141 207 085 692 028 407 407 021
ICUA v
PESRES |S0n 1 568 781 652 652 012
ICUA v
PES COL |S08 ) 137 224 497 4T 017
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Demographic, work factors and PES-NWI by site (cont’d.)

Multivariate Univariate
, Wilk’s S~ Between-Subjects
PES-NWI Box test Levene's test Lambda Pillai's Trace  pia Effects
Subscale Ne F Sigb F Sige Vae Sig! Vae Sig T2 F  gige e
CUA
PESPAR SN T 24 952 139 252 020
v
PES FOU |SUh T 142 220 019 981 000
v
CNEAccessPES MAN o8 o 105 358 270 028 - - 044 802 022 280 7% 004
v
PESRES |S0n o 110 361 22 770 004
v
PES.COL o8 v 118 324 002 998 000
v
PES PAR |SUN T 608 694 549 579 008
v
PESFOU o087 219 058 A61 851 002
v
SLll_[?G\)/re\)/liSoi];n PESMAN [SUA T 101 207 97 42 94 05 - - 033 031 99 .00
v
PESRES o8 v 984 430 @1 401 013
v
PES COL |S08 T 208 072 103 359 015
v
PES PAR |SUN T 247 016 443 934 003
v
PES FOU 508 7 119 308 54 660 012
Required to
v
Mentor PESMAN |Cof o 857 850 149 168 - - 049 446 06 077 913 002
Nurses ICUA v
PESRES |S0n o 143 190 243 86T 005
ICUA
PES COL 508 T 1008 433 367 7 008
v
PES PAR 1SN ) 108 380 216 077 060
iodto PES_FOU ICUA Y 156 135 184 124 052
Required to ME=°- ICUB X ' ’ ' ' .
i v
Fgl?r:’i::d;l’ PESMAN [SUA T 118 417 791 65 - - 211 019 053 135 2% 038
: v
Advice  pes Res \S0R T 786 630 230 062 064
v
PES COL |S08 & 156 133 301 020 082
v
PES PAR |SUN T 110 366 435 006 087
v
cuattre T o 256 016 168 173 0%
uality o
v
CareinPastPES MAN |CU 7 103 417 187 079 - - 188 03 063 214 078 048
Year ICUA v
PESRES \)p v 108 379 257 057 053
v
PES COL 508 T 312 004 557 645 012
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Demographic, work factors and PES-NWI by site (cont’d.)

Multivariate Univariate
Levene’s Wilk's - Between-Subjects
PES-NWI Box test test Lambda Pillai's Trace  pia Effects
Subscale , , . . EtaSq. . Partial
Ne F Sigb F Sige Value Sigd Value Sig g F o Sige g, Sq.
PESPAR 08 X 272 023 454 857 002
cuattror e 410 002 421 657 006
uality o
Carelast PESMAN Gt X 122 151 156 176 039 863 019 378 686 005
PESRES |SUn X 204 077 134 875 002
PES.COL 08 X 146 205 245 783 004
PES PAR |SUN X 772 593 387 023 053
PESFOU 08 ¥ 272 016 827 40 012
OHS PESMAN O % 934 68 207 et 098 187 049 318 045 044
PESRES |08 » 242 029 118 310 017
PEs coL Zon X 983 439 125 201 018
v
PESPAR |SUN 177 007 188 904 004
v
PESFOU S8 7 101 430 102 387 02
i v
Cgﬁg;?('m PESMAN [SUR 7 120 114 866 535 A0 064 057 101 391 022
ICUA v
PESRES S8 114 344 182 146 038
v
PESCOL S8 234 027 205 410 043
v
PESPAR |SUN 7 117 325 98 327 007
v
_PESFOU R 034 9% 131 255 009
Resign ICUA v
<12MonthsPES MAN [SUR 7 143 031 733 534 942 143 058 430 040 030
v
PESRES S8 130 276 029 864 000
v
PESCOL 208 7 873 457 287 627 002
v
PESPAR |SUN 7 239 071 020 889 000
v
PES FOU |CUA 264 851 068 795 000
Intend to :28?\ ;
Move ICUs PES MAN S0 o 118 23 235 075 965 431 035 072 788 001
v
PESRES o8 129 282 1801 182 013
v
PESCOL S8 7 196 123 o1 326 007
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Demographic, work factors and PES-NWI by site (cont’d.)

Multivariate Univariate
PES-NWI Box test Le\t/::te’s L\;Vrirlllt()ga Pillai’'s Trace Partial BetweEe frf]egti bjects
Subscale Ne F Sigb F Sige Vave Sig? Vae Sig "25% F  gige o
PESPAR o s 373002 371 691 005
PEs FOU oA X 149 185 A1 843 002
Saﬁig(’mon PESMAN Son o 910 695 166 .13 072 435 0% 103 359 015
PESRES |oUh X 726 630 478 837 003
PESCOL o ¥ 222 045 101 368 014
PES PAR SR X 816 550 426 016 058
PESFOU o X 855 530 778 461 011
V‘:’sﬁ'ﬁﬁ'ﬁ% PESMAN [SUA X 645 969 119 313 144 025 072 238 096 033
PESRES | oon X 798 573 102 365 015
PES COL oA X 312007 051 950 001
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Demographic, work factors and MBI by site

Multivariate Univariate
Box test Levene's Wilk's Lambda Pillai's Trace Partial Between-Subjects
MBI test Eta Effects
Subscale ) ) ) ) . Partial
a c S e
N F Sigb F Sig. Value  Sig.d Value Sig q F  Sig. Eta Sq.
ICUA v
MBIDP S8 435 729 042 838 000
ICUA v
Gender MBLEE b o 103 4% 174 61 9% 774 008 490 485 003
ICUA v
MBLPA b 227 083 106 745 001
ICUA X
meiop SR X 192 030 111 363 049
ICUA X
Age  MBILEE b % 110 277 267 002 7T 48 059 191 085 081
ICUA X
mBiPA SR X 142 152 110 366 048
ICUA v
MBI OP SR 091 965 204 455 014
v
ICU Qualified MBI_EE :gﬂg Y962 502 103 381 976 345 024 111 293 008
ICUA v
mBLPA SR 193 128 362 548 003
ICUA v
MBI OP SR 511 768 144 241 020
Highest Nursing ICUA v
O lcaton MBLEE (CUR T 873 665 108 74 %64 54 o018 187 830 003
MBI pA CUA ¥ 705 621 709 494 010
PA Cn v 705 700 .
v
gl pp CUA 129 258 133 267 028
Hih ICUB v
ghest Non- ICUA v
Nusing MBIEE O0f o 130 13 126 274 889 066 038 308 030 063
Qualiﬁcation ICUA v
PA Con 163 132 104 317 022
ICUA v
meiop CUA Y 578 630 415 51 003
Job ICUA v
T MBLEE CHE T 133 155 690 S50 979 406 021 064 800 000
ICUA v
veiPA  (CUA Y 252 061 165 202 012
me pp CUA X 175 059 502 806 022
ICUB v
Years Worked ICUA X
asenRN  MBLEE | C0F % 147 008 326 000 077 916 026 A75 983 008
ICUA X
mBiPA SR X 192 033 113 346 049
me pp ICUA X 170 073 211 060 074
ICUB v
Years Worked ICUA X
asanRNin MBLEE 08 % 131 051 290 .01 45 A73 048 162 158 058
€U pa ICUA X 301001 697 627 026
PA s v o 697 .

Notes: 1. N in each cell > than number of dependent variables tested = v i.e. MBI = 3
2. Significance > 0.001 the homogeneity of variance is upheld
3. Significance < 0.05 then assumption of equality of variance is violated
4. Significance < 0.5 then a difference between groups
5. Bonferroni correction not applied a = < 0.05
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Demographic, work factors and MBI by site (cont’d.)

Multivariate Univariate
MBI Box test Le\t/;):te s L\;Vrlrlllt()ga Pillai's Trace Partial BetweEe frf]egtl; bjects
Subscale . . . . Fta . Partial
Ne F Sigb F Sigc Vaue Sigd Vaue Sig  Sq. F o Sige g Sq
mgipp CUA X 384 95 132 265 038
ICUB v
Years Worked ICUA X
asanRNin MBI_EE 966 546 100 445 092 394 031 806 524 023
ICUB v
THIS ICU ICUA X
weiPA  CUR % 267 005 160 178 046
ICUA v
MBLDP S8 o 404 009 181 180 013
Employment ICUA Vv
Por el MBLEE \Cun . 892 S8 692 559 016 531 016 412 52 003
Ml pa  CUA ¥ 526 665 ot 790 001
. ICUB v 926 . e '
ICUA v
BLoP SR Y 104 379 772 381 005
Shift ICUA v
outor MBLEE GUE v 903 575 962 412 994 85 006 412 738 001
Ml pa ICUA ¥ 116 328 013 908 000
. ICUB v 16 03 :
MBI_DP :gﬂg § 251 011 927 395 030
Frequency ICUA X
Deployed fromMBI EE C0A 954 556 952 483 052 844 017 228 961 005
€U ppa  ICUA X 129 246 383 735 015
. ICUB X 2. 333 . :
ICUA v
mBLOP SR} 119 316 000 997 000
Paid Overtime ICUA v
oo OMBLEE (CHR L 11 38 155 204 002 974 002 079 779 001
Bl pa  ICUA ¥ 936 425 076 783 001
. ICUB X 9% . 076 . :
v
wBLoP SR 334 801 251 16 017
Unpaid ICUA v
Overiime MBIEE Son o 114 305 84 451 977 358 023 105 746 001
Worked ICUA N
MBLPA SR o 434 729 053 819 000
ICUA v
miop  CUA T 149 175 246 864 005
Roster ICUA Vv
Forbiity "BEE iUs v 120 18 144 195 952 673 016 419 740 009
Ml pa |CUA ¥ 184 084 133 266 028
. ICUB v 8 3 :
ICUA v
wBLoP SR 174 129 176 ATT 025
CNE ICUA v
MBI_EE 141 069 137 240 052 287 026 47 863 002
Access - ICUB Vv
Ml pa  ICUA ¥ 287 017 163 199 023
= ICUB v 87 B3 . :
ICUA v
miop  CUA T 750 581 266 074 037
ICUA v
SLevel' of MBLEE S8 v em e 40 8T oo o s AT B o
upervision ICUA v
MBLPA  ICUB v 908 478 403 020 055
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Demographic, work factors and MBI by site (cont’d.)

MBI Box test Le\t/;):te s L\;Vrlrlllt()ga Pillai's Trace  Partial BetweEe frf]egti bjects
Subscale . . . . Eta . Partial
Ne F Sigb F Sige Value Sigd Value Sig Sa. FSige g, Sq
ICUA Y
MBI_DP ICUB v 119 312 711 547 0.015
Required to ICUA Vv
Mentor MBI_EE ICUB v 786 .855 465 .879 969  .891 - - .010 .080 .97 .002
MBI_PA ICUA 387 926 174 914 004
_ oUB v . . . . .
ICUA Vv
Required to MBI_DP ICUB v 117 317 812 520 .023
Provide ICUA
Clinical MBI_EE ICUB v 964 543 867 556 912 408 - - .030 112 .350 .032
Advice ICUA v
MBI_PA CUB v .609  .788 998 411 .029
v
MBI_DP ICUA 714 661 182 .908 .004
. IcuB v
Quality of OUA v
Care in Past MBI_EE ICUB v 927 606 .934 482 950 .631 - - .017 544 653 .012
Year MBI_PA IcuA v 1.31 252 1.03  .383 022
_ oUB v . . 03 . .
MBI_DP ICUA X 175 128 567  .568 .008
; ICUB X
Quality of OUA X
Care Last MBI_EE ICUB X 125 208 .759 581 - - 041 451 .020 212 .809 .003
Shift ICUA X
MBI_PA ICUB X 206 .027 115  .318 .016
ICUA X
MBI_DP ICUB v 342  .004 299 .054 .041
ICUA X
OHS MBI_EE ICUB v 137 086 1.70 .124 - - 095  .037 .047 243  .092 .034
ICUA X
MBI_PA CUB v 111 .361 826 440 .012
ICUA v
MBI_DP ICUB v 212 .045 .805 493 .017
Social ICUA v
Cohesion MBI_EE ICUB v 727 885 679  .690 - - .041 769 .014 553 .647 .012
MBI_PA IcUA v 1.15 337 221 881 005
_ oUB v . . . . .
ICUA Y
MBI_DP ICUB v 270  .048 585 .017 .040
Resign ICUA
<12 months MBI_EE ICUB v 1.07 377 131 272 - - .055  .047 .055 214 146 .015
MBI_PA ICUA 810 490 476 491 003
_ oUB v . . . . .
ICUA Y
MBI_DP ICUB v 27 944 265 .608 .002
Intend to ICUA Vv
Move ICUs MBI_EE ICUB v 714 800 .708 549 956  .098 - - .044 1.79 183 .013
MBI_PA ICUA 465 707 290 .091 020
_ oUB v . . 9 . .
ICUA v
MBI_DP ICUB v 601 7.29 149 229 .021
Job ICUA v
Satisfaction MBI_EE ICUB v 114 250 153 172 947 278 - - .027 292 747 .004
MBI_PA IcUA v 1.40 220 1.35 .263 019
_ oUB v . . 35 . .
ICUA X
MBI_DP B v 168 131 150 227 021
g MBLEE SR 09 31 140 28 - - 051 36 06 05 77 oo
ICUA X
MBI_PA B 7 462 836 312 732 005
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MANOVA Note (1):

In total, PES-NWI and MBI subscales were tested against 27 demographic characteristics
and work factors. In all tests on both scales Box’s M Test of Equality of Covariance
Matrices was not significant thereby upholding the assumption of homogeneity of
variance. The assumption regarding an adequate cell size (N) and Levene’s Test of
Equality of Error Variances were violated by several tests resulting in Pillai’s Trace
statistic being used to assess significance of the multivariate test. Wilk’s Lamba was not
significant in any test performed.

MANOVA compares the groups and identifies if there is a significant difference on the
composite dependent variable and on each separate dependent variable (Pallant 2013).
Extensive factor analysis has established that PES-NWI and MBI subscales are
conceptually related, satisfying a key requirement for MANOVA. An advantage of this
analysis, compared to a series of one-way and two-way ANOVA’s, is that it reduces the
risk of a Type | error i.e. finding a significant statistical difference when in reality no
difference exists, through adjustment based upon the number of analysis undertaken.
Furthermore, MANOVA can be used in two-way factorial designs with multiple
independent variables in higher factorial designs such as the present study.
Appropriate sample size for MANOVA was confirmed with each cell having more cases
than the number of dependent variables being explored. Subscale distributions
confirmed univariate normality and no presence of significant outliers.

The MANOVA included Box’s M Test of Equality of Covariance Matrices and Levene’s
Test of Equality of Error Variances to validate the assumptions of equality of variance
for the dependent variable. Multivariate tests of significance were reported using Wilks’
Lambda value and its associated significance level, recommended for general use,
whereby a significance level less than 0.05 indicates a difference between groups
(Tabachnick & Fidell 2013). Where issues with the data were encountered such as
inadequate N values or violation of assumptions then Pillai’s Trace value was used as it
is considered more robust (Tabachnick & Fidell 2013).

The large number of separate analysis performed on the datasets increased the
potential for a Type 1 error. To reduce the risk the alpha level for multiple tests may be
adjusted to make it smaller by performing a Bonferroni correction for each p-value to
adjust the alpha level by dividing by the number of comparisons made to reduce the
chance of a Type 1 error. In the case of PES-NWI the new level of significance would
have been alpha 0.01 and for MBI the revised alpha was 0.17 (Pallant 2013). On further
investigation of this statistical technique it was evident from the literature that applying
the Bonferroni correction is controversial due to reducing statistical power and
increasing the chance of a Type Il error (Armstrong 2014; Perneger 1998). Taking this
into account and the close demographic and work factor similarities between the two
nurse groups, Bonferroni correction was not applied and statistical significance of 0.05
was retained.
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34. Two-way ANOVA PES-NWI and MBI

(Page 1 of 8)

Note: Factorial two-way independent ANOVA with Tukey’s post hoc tests were performed on;
1) MBI_PA by Site*Supervision; 2) PES_PARTICIPATION by Site*Quality of Care; 3) MBI_DP by
Site*OHS; and 4) PES_PARTICIPATION by Site*Nursing Satisfaction. Post hoc analyses
strengthened induction by limiting the probability that significant effects may be observed when
itisin fact a Type | error (Tabachnick & Fidell 2013).

MBI _PA BY Site* Supervision

Descriptive Statistics (Dependent Variable: MBI_PA)

Site Supervision Mean Std. Deviation N
1.00 ICUA 2.00 Fair 4.2266 .89001 16
3.00 Good 4.2847 .78511 54
4.00 Excellent 4.5937 .88408 12
Total 4.3186 .81842 82
2.00 ICUB 2.00 Fair 3.3958 .89239 6
3.00 Good 4.5369 70535 44
4.00 Excellent 4.9712 .56170 13
Total 4.5179 .79719 63
Total 2.00 Fair 4.0000 .94806 22
3.00 Good 4.3980 .75713 98
4.00 Excellent 4.7900 .74365 25
Total 4.4052 .81254 145

Levene's Test of Equality of Error Variances ! (Dependent Variable: MBI_PA)
F dfl dfz Sig.
.908 5 139 478
1. Design: Intercept + Site + Supervision + Site * Supervision

Tests of Between-Subjects Effects (Dependent Variable: MBI_PA)

Type Il Sum of . Partial Eta
Source Squares df Mean Square F Sig: Squared
Corrected Model 12.7611 5 2.552 4.310 .001 134
Intercept 1570.733 1 1570.733 2652.565 .000 .950
Site .094 1 .094 .159 .691 .001
Supervision 9.713 2 4.856 8.201 .000 .106
Site * Supervision 4.769 2 2.384 4.027 .020 .055
Error 82.310 139 .592
Total 2908.875 145
Corrected Total 95.071 144

1. R Squared=.134 (Adjusted R Squared =.103)

311



Tukey HSD Post Hoc Tests: Supervision (Dependent Variable: MBI_PA)

Mean'! 7 o 95% Confidence Interval
. . . Std. Error®  Sig.
(1) Supervision  (J) Supervision Difference (I-J) Lower Bound Upper Bound
2.00 Fair 3.00 Good -.3980 .18155  .076 -.8281 .0321
4.00 Excellent -.7900" .22495  .002 -1.3229 -.2571
3.00 Good 2.00 Fair .3980 .18155  .076 -.0321 .8281
4.00 Excellent -.3920 17242 .063 -.8005 .0164
4.00 Excellent  2.00 Fair .7900" .22495  .002 .2571 1.3229
3.00 Good .3920 17242 .063 -.0164 .8005
1. Based on observed means.
2. The error termis Mean Square (Error) = .592.
Homogeneous Subsets (MBI_PA)
Tukey HSD%23
N Subset
Supervision 1 2
2.00 Fair 22 4.0000
3.00 Good 98 4.3980 4.3980
4.00 Excellent 25 4.7900
Sig. .105 112
1. Uses Harmonic Mean Sample Size = 31.362
2. The group sizes are unequal. The harmonic mean of the group sizes is used.
3. Type l error levels are not guaranteed.
Profile Plots
Estimated Marginal Means MBI_PA
Site
5009 ~#CuB —— T,
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T T T
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PES PARTICIPATION BY Site* Quality of Care

Descriptive Statistics (Dependent Variable: PES_PARTICIPATION)

Site Quality of Care Mean Std. Deviation N
1.00 ICUA 1.00 Worked < 1 yr 3.1944 44223 12
2.00 Deteriorated 2.5556 .28974 11
3.00 Remained the same 2.7456 42204 38
4.00 Improved 2.9054 .52766 21
Total 2.8267 .47090 82
2.001CUB 1.00 Worked < 1 yr 3.0694 .31392 8
2.00 Deteriorated 1.8667 .16480 5
3.00 Remained the same 2.7302 .39710 28
4.00 Improved 3.1515 146201 22
Total 2.8519 .52610 63
Total 1.00 Worked < 1 yr 3.1444 .39176 20
2.00 Deteriorated 2.3403 41469 16
3.00 Remained the same 2.7391 .40859 66
4.00 Improved 3.0313 .50478 43
Total 2.8376 .49402 145
Levene's Test of Equality of Error Variances ! (Dependent Variable: PES_PARTICIPATION)
F dfl df2 Sig.
1.101 7 137 .366
1. Design: Intercept + Site + Quality_Care + Site * Quality_Care
Tests of Between-Subjects Effects (Dependent Variable: PES_PARTICIPATION)
Type lll Sum of of Mean Square F Sig. Partial Eta
Source Squares Squared
Corrected Model 10.4561 7 1.494 8.289 .000 .298
Intercept 754.457 1 754.457 4186.651 .000 .968
Site .520 1 .520 2.885 .092 .021
Quality_Care 9.257 3 3.086 17.123 .000 .273
Site * Quality_Care 2.352 3 .784 4.350 .006 .087
Error 24.688 137 .180
Total 1202.716 145
Corrected Total 35.144 144
1. R Squared=.298 (Adjusted R Squared =.262)
Tukey HSD Post Hoc Tests (Dependent Variable: PES_PARTICIPATION)
Mean 1 Std. i 95% Confidence Interval
(1) Quality_Care  (J) Quality_Care Difference (I-J) Error? 'e- Lower Upper
1.00 Worked <1 yr 2.00 Deteriorated .8042* .14238  .000 4338 1.1745
3.00 Remained the same .4054* .10835 .002 1236 .6872
4.00 Improved 1131 .11490 .759 -.1857 4119
2.00 Deteriorated  1.00 Worked < 1 yr -.8042* .14238  .000 -1.1745 -.4338
3.00 Remained the same -.3988" .11829  .005 -.7064 -.0911
4.00 Improved -.6911" .12431  .000 -1.0144 -.3677
3.00 Remained the 1.00 Worked <1 yr -.4054" .10835 .002 -.6872 -.1236
same 2.00 Deteriorated .3988" .11829  .005 .0911 .7064
4.00 Improved -.2923" .08319 .003 -.5086 -.0759
4.00 Improved 1.00 Worked < 1 yr -.1131 .11490 .759 -.4119 .1857
2.00 Deteriorated .6911" .12431  .000 .3677 1.0144
3.00 Remained the same .2923" .08319 .003 .0759 .5086

1. Based on observed means.
2. The error termis Mean Square (Error) = .180.
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Homogeneous Subsets (PES_PARTICIPATION)

Tukey HSD 123

N Subset
Quality_Care 1 2 3
2.00 Deteriorated 16 2.3403
3.00 Remained the same 66 2.7391
4.00 Improved 43 3.0313 3.0313
1.00 Worked < 1yr 20 3.1444

1.000 .063 .767

Sig.

1. Uses Harmonic Mean Sample Size = 26.506
2. The group sizes are unequal. The harmonic mean of the group sizes is used.
3. Type l error levels are not guaranteed.

Profile Plots

Estimated Marginal Means of PES_PARTICIPATION
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MBI_DP_Mean BY Site*OHS

Descriptive Statistics (Dependent Variable: MBI_DP)

Site OHS Mean Std. Deviation

1.00 ICUA 1.00 Poor 2.8000 . 1
2.00 Fair 1.2125 .95629 16
3.00 Good 1.5686 .99146 51
4.00 Excellent 1.4286 .65566 14
Total 1.4902 .94132 82

2.00 ICUB 2.00 Fair 1.6000 1.11355 7
3.00 Good 1.3333 .94292 45
4.00 Excellent 4727 .34955 11
Total 1.2127 .94621 63

Total 1.00 Poor 2.8000 . 1
2.00 Fair 1.3304 .99747 23
3.00 Good 1.4583 .97113 96
4.00 Excellent 1.0080 71991 25
Total 1.3697 .95024 145

Levene's Test of Equality of Error Variances! (Dependent Variable: MBI_DP)
F dfl df2 Sig.
3.420 6 138 .004
1. Design: Intercept + Site + OHS + Site * OHS

Tests of Between-Subjects Effects (Dependent Variable: MBI_DP)

Type Il Sum of . Partial Eta
Source Squares df Mean Square F Sig: Squared
Corrected Model 13.789! 6 2.298 2.728 .016 .106
Intercept 53.262 1 53.262 63.234 .000 314
Site 1.577 1 1.577 1.872 173 .013
OHS 6.670 3 2.223 2.640 .052 .054
Site * OHS 5.030 2 2.515 2.986 .054 .041
Error 116.238 138 .842
Total 402.040 145
Corrected Total 130.026 144

1. R Squared=.106 (Adjusted R Squared =.067)

NB. Post hoc tests were not performed for OHS because at least one group has fewer than
two cases.
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Profile Plots
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PES PARTICIPATION BY Site * Nursing Satisfaction

Descriptive Statistics (Dependent Variable: PES_PARTICIPATION)

Site Nursing_Satisfaction Mean Std. Deviation N
1.00 ICUA 1.00 Very Dissatisfied 2.1667 .70711 2
2.00 A Little Dissatisfied 2.7037 .61195 3
3.00 Moderately Satisfied 2.8077 .39266 45
4.00 Very Satisfied 2.9062 .53258 32
Total 2.8267 .47090 82
2.001CUB 2.00 A Little Dissatisfied 2.6389 .56928 4
3.00 Moderately Satisfied 2.5889 .48137 30
4.00 Very Satisfied 3.1533 140436 29
Total 2.8519 .52610 63
Total 1.00 Very Dissatisfied 2.1667 .70711 2
2.00 A Little Dissatisfied 2.6667 .53672 7
3.00 Moderately Satisfied 2.7202 .44060 75
4.00 Very Satisfied 3.0237 .48818 61
Total 2.8376 .49402 145
Levene's Test of Equality of Error Variances® (Dependent Variable: PES_PARTICIPATION)
F df, df2 Sig.
.816 6 138 .559
1. Design: Intercept + Site + Nursing_Satisfaction + Site * Nursing_Satisfaction
Tests of Between-Subjects Effects (Dependent Variable: PES_PARTICIPATION)
Type lll Sum of . Partial Eta
Source Squares df  Mean Square F Sig. Squared
Corrected Model 6.0482 6 1.008 4.781 .000 172
Intercept 231.973 1 231.973 1100.234 .000 .889
Site .002 1 .002 .009 .924 .000
Nursing_Satisfaction 4.717 3 1.572 7.458 .000 .140
Site * Nursing_Satisfaction 1.795 2 .897 4.257 .016 .058
Error 29.096 138 211
Total 1202.716 145
Corrected Total 35.144 144
1. R Squared=.172 (Adjusted R Squared =.136)
Tukey HSD Post Hoc Tests (Dependent Variable: PES_PARTICIPATION)
Mean? Std. sig. 95% Cl
(1) Nursing_Satisfaction  (J) Nursing_Satisfaction Difference (I-J) Error? Lower  Upper
1.00 Very Dissatisfied ~ 2.00 A Little Dissatisfied -.5000 .36816 .528 -1.4574 .4574
3.00 Moderately Satisfied -.5535 .32898 .337 -1.4091 .3020
4.00 Very Satisfied -.8570 .32996 .050 -1.7151 .0011
2.00 A Little Dissatisfied 1.00 Very Dissatisfied .5000 36816 .528 -.4574 1.4574
3.00 Moderately Satisfied -.0535 18147 991 -.5254 4184
4.00 Very Satisfied -.3570 .18324 .213 -.8335 .1195
3.00 Moderately 1.00 Very Dissatisfied .5535 .32898 .337 -.3020 1.4091
Satisfied 2.00 A Little Dissatisfied .0535 18147 991 -.4184 .5254
4.00 Very Satisfied -.3035" .07917 .001 -.5094 -.0976
4.00 Very Satisfied 1.00 Very Dissatisfied .8570 .32996 .050 -.0011 1.7151
2.00 A Little Dissatisfied .3570 18324 .213  -.1195 .8335
3.00 Moderately Satisfied .3035" .07917 .001 .0976 .5094

1. Based on observed means.
2. The error term is Mean Square (Error) =.211.
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Homogeneous Subsets (Dependent Variable: PES_PARTICIPATION)

Tukey HSD%?3

N Subset
Nursing_Satisfaction 1 2
1.00 Very Dissatisfied 2 2.1667
2.00 A Little Dissatisfied 7 2.6667 2.6667
3.00 Moderately Satisfied 75 2.7202 2.7202
4.00 Very Satisfied 61 3.0237
Sig. .165 .539

1. Uses Harmonic Mean Sample Size = 5.947.
2. The group sizes are unequal. The harmonic mean of the group sizes is used.
3. Type |l error levels are not guaranteed.
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