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ABSTRACT

Background: The management of malignant pleural effusion (MPE) is inconsistent across health services. Many centres do
not routinely offer all treatment options for MPE, with indwelling pleural catheter (IPC) being a primary example. This may be
due to lack of specialist expertise or nursing capability to support the community-based treatment. New approaches are required
to improve access to MPE treatments. This proof-of-concept study examines the feasibility of a virtual model of care for MPE,
known as the specialist ambulatory pleural service (SAPS) model of care. This model will be compared with current approaches
at other health services in the state, in terms of healthcare utilisation and costs. It will also assess health-related quality of life in
individuals with MPE and report patient, carer and nurse experiences with the SAPS model of care.

Methods: A prospective, multi-centre, mixed-methods study will be performed. Participants with symptomatic MPE requiring
intervention will be consecutively enrolled. The primary outcome is pleural effusion-related hospitalisation from enrolment to
death or end of study participation. Secondary outcomes include: Overall hospitalisation, unplanned pleural effusion-related
outpatient and emergency department (ED) visits, pleural-related healthcare costs, adverse events, overall survival, percentage
of screened patients recruited, percentage dropped out/lost to follow up, percentage of scheduled home visits carried out, per-
centage of teleultrasound assessments completed, technical issues, percentage of symptom logbooks completed, quality of life,
longitudinal symptom monitoring, participant and nursing attitudes to the SAPS model of care, patient activation measure and a
stakeholder interview of the SAPS model of care implementation.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.

© 2025 The Author(s). Respirology Case Reports published by John Wiley & Sons Australia, Ltd on behalf of The Asian Pacific Society of Respirology.
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Discussion: Digital health may improve access to MPE treatments by reducing barriers to specialist care and facilitating train-
ing and support for community staff. This trial assesses the SAPS model of care, providing data on barriers and facilitators to its

implementation, its efficacy, costs and qualitative outcomes.

Trial Registration: Australia New Zealand Clinical Trial Registry: ACTRN12623000063617; https://www.anzctr.org.au/Trial/

Registration/TrialReview.aspx?id=384448&isReview=true.

1 | Additional Trial Registration Information
Date of registration: 18/01/2023.

Funding of the trial: HCF Foundation; Victorian Nurse and
Midwifery Trust.

Name and contact information for the trial sponsor: Dr Justine
Ellis, Research Operations Manager, Northern Health Research
Development and Governance Unit.

Role of sponsor: Responsible for initiating, managing, and/or
financing the trial, and for carrying the medico-legal responsi-
bility associated with its conduct.

2 | Introduction
2.1 | Background and Rationale

Malignant pleural effusion (MPE) has a reported incidence of
660 cases per million population [1, 2]. In Australia, it is esti-
mated to affect 10,000 people each year and can complicate most
types of cancer. MPE represents an incurable stage of disease
and is often associated with breathlessness, functional limita-
tion and impaired quality of life (QoL). It is a frequent cause
of hospitalisation and unplanned healthcare utilisation [3].
The burden of MPE-related healthcare continues to rise due to
overall improvements in cancer survival. Data from Western
Australia previously identified a doubling of inpatient care costs
for MPE over a 5-year period, with costs now exceeding AUD 10
million annually [4]. In the United States, MPE is estimated to
account for over 125,000 hospital admissions each year, has an
inpatient mortality rate of 11% and a total cost of USD 5 billion
each year [5]. Survival from diagnosis of MPE ranges from 13 to
484 days, being influenced primarily by performance status and
cancer type [6]. Even in previous randomised controlled trials
of MPE interventions, over 30% of participants did not survive
beyond 3 months [7, 8].

There are two main treatment approaches for MPE: use of in-
dwelling pleural catheters (IPC) or chemical pleurodesis via an
intercostal drain (ICD) [9-11]. Each have their respective ad-
vantages and drawbacks; however, they are considered compa-
rable for symptom control and QoL outcomes [7, 12, 13]. Due
to the high risk of recurrence and poor prognosis [14], a key
aspect of MPE management is to use the fewest procedures to
manage symptoms, optimise physical function and avoid hos-
pitalisation. While still regularly performed in some centres,
the role of pleurodesis via a thoracoscopic approach, for exam-
ple, video-assisted thoracoscopic surgery (VATS) or local an-
aesthetic thoracoscopy (LAT) has diminished due to the more

invasive nature of the procedure and data suggesting no better
pleurodesis success rates compared to ICD pleurodesis [15]. A
disadvantage of chemical pleurodesis, regardless of approach,
is a failure rate of 20%-30% [13, 15, 16], often necessitating
at least a second procedure being performed (usually with a
hospital admission) in these individuals to manage recurrence
of MPE.

Determining the choice of treatment involves an in-depth dis-
cussion of individual wishes and preferences. However, many
health services within the Australian healthcare system do not
offer IPC as a standard option or lack the infrastructure required
to provide ongoing support of individuals with IPC. This may
result in a higher number of procedures being performed, with
greater hospitalisation. A recent survey of clinicians who regu-
larly manage MPE confirmed a lack of clinical support in the
community as a major barrier to recommending IPC as a treat-
ment option [17].

Improving access to MPE treatments and IPCs in particular,
therefore represents a key step to improving the quality of
MPE care. In 2019, the Pleural Medicine Unit (PMU) was es-
tablished at Northern Health. A major objective of the PMU
was to support individual choice by improving local access
to evidence-based therapies for MPE. In response to access
issues related to the coronavirus-2019 (COVID-19) pandemic,
a virtual model of care for individuals with MPE was success-
fully piloted in 2020 (one person with malignant ascites, man-
aged with an indwelling peritoneal catheter was included)
[18]. This model replaced outpatient hospital attendance for
people with newly diagnosed MPE, with home visits per-
formed by a trained nurse, who could facilitate a telehealth
consultation (including bidirectional video and audio) with
a respiratory physician. The nurse was able to perform an
ultrasound assessment which was streamed to the physician
(teleultrasound), who could in turn provide real-time feed-
back on image acquisition and make immediate management
decisions. The nurse could also provide education for indi-
viduals regarding MPE, provide information on treatment
options, support management of IPC where applicable and
undertake procedures such as IPC drainage and dressing
change, pleural fluid sampling from an IPC and phlebotomy.
This model of care was designated the specialist ambulatory
pleural service (SAPS).

Extending the reach of the SAPS model of care at Northern
Health would allow greater access to MPE care, particularly in
regional areas or areas where limited treatment options are avail-
able. It would aim to develop local expertise in managing MPE
and allow individuals with MPE to spend less time receiving care
within hospitals. This real-world study will provide a comparison
of the SAPS model of care (Figure 1) with the existing approach
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FIGURE1 | The proposed SAPS model of care.

to MPE management currently in use at other large local health
services, to ascertain the impact of this approach.

2.2 | Objective

The primary aim of this study is to determine the feasibility of inte-
grating telehealth and teleultrasound into an ambulatory model of
care (SAPS) for the management of MPE and compare outcomes to
the existing model of care across three other health services.

This study consists of six objectives:

» Objective I1: To determine healthcare utilisation of individ-
uals with MPE according to the model of care employed at
their health service.

+ Objective 2: To determine the feasibility of longitudinal
symptom monitoring using patient-reported outcome mea-
sures (PROMs) in individuals with MPE.

« Objective 3: To determine healthcare costs between the
SAPS model of care and the standard model of care.

+ Objective 4: To ascertain consumer acceptability of the
SAPS model of care.

+ Objective 5: To ascertain nursing acceptability of the SAPS
model of care.

 Objective 6: To receive feedback on the SAPS model of care
by various stakeholders in patient care.

2.3 | Trial Design

Prospective, pragmatic, mixed-methods study comparing the
SAPS model of care with the inpatient model of care for MPE
(Figure 2).

There are six parts corresponding with the listed objectives:
o Part 1: Comparing healthcare utilisation of individuals

with MPE according to the model of care employed at their
health service.

Project Initiation: Ethics, recruitment and training
Site induction and planning

Control group: Standard
of care (MH, EH, GH)

Intervention group: SAPS
model of care (NH)

( N\ 4
Inclusion: All individuals

with MPE (n=57)
N J \
4 N
SAPS model of care (see
Figure 2)

Inclusion: All individuals
with MPE (n=57)

-

Standard of care per
local protocol or
clinician discretion

. J G J

Follow up for 6 months from study enrolment, or death

FIGURE2 | Projectoverview.

» Part 2: Feasibility of longitudinal symptom monitoring
using PROMs in individuals with MPE

« Part 3: Comparison of healthcare costs between the SAPS
model of care and the standard model of care

o Part 4: Describe the consumer experience associated with
the SAPS model of care

« Part 5: Describe the nursing experience associated with the
SAPS model of care

« Part 6: Describe stakeholder experience in the implementa-
tion of the SAPS model of care

3 | Methods
3.1 | Participants, Interventions and Outcomes

3.1.1 | Study Setting

Intervention group
« Northern Health (NH), Epping, Victoria, Australia.

Comparison group

o Melbourne Health (MH), Parkville, Victoria, Australia.
« Grampians Health (GH), Ballarat, Victoria, Australia.
« Eastern Health (EH), Box Hill, Victoria, Australia.

3.1.2 | Eligibility Criteria

» Age of 18 years or older
o Inpatients or outpatients at Northern, Melbourne,
Grampians and Eastern Health

« Diagnosis of MPE
o Defined as a pleural effusion in which malignant cells
are identified in pleural fluid or on pleural biopsy.
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o An MPE may also be diagnosed based on the presence
of a large exudative effusion without other causes in an
individual with disseminated extra-thoracic malignancy
[7,8,12, 19, 20]

« Participants can be enrolled prior to, or after a definitive pleu-
ral procedure for MPE management has been performed.

At the intervention site (NH), individuals are identified after
referral to the PMU for management of MPE. Participants who
are medically unwell (per treating clinician's discretion) or with
known cognitive impairment will be excluded from the require-
ment to complete questionnaires/surveys and interviews. Health
service data for Part 1 of this study will be collected from these
participants with the consent of a substitute decision maker.

Those admitted to the comparison sites with an MPE during
the study period will be identified through two sources. First,
primary discharge diagnostic codes for acute care episodes
(defined using the International Classification of Diseases
(ICD) version 10) will be audited and episodes with the code
C782: ‘Secondary malignant neoplasm of pleura’ will be ex-
tracted from the electronic health information of each health
service. Second, the pathology database of each health service
will also be audited to identify pleural pathology diagnosed either
by cytology or histopathology. Results identified and extracted
from these sources will be evaluated by the investigators and ver-
ified through the examination of relevant medical records to de-
termine eligibility. All results identified for individuals that meet
the inclusion criteria will be included. In cases where there is
uncertainty with regards to the diagnosis of MPE, inclusion will
be determined by consensus of at least two of the investigators
including the coordinating principal investigator.

3.1.3 | Who Will Collect Informed Consent?

At the intervention site (NH), individuals will be ap-
proached by the site research staff (as per the Delegation
Log) upon the diagnosis of MPE. Consecutively identified
individuals with MPE will be offered trial entry and en-
rolled after providing informed consent. In circumstances
where a participant does not have the capacity to consent,
consent by a substitute decision-maker will be sought in
accordance with the State of Victoria's Guardianship and
Administration Board Act.

The study has been granted ethics approval by the Royal
Melbourne Hospital Research, Governance and Ethics Unit

A o

e

—>

(HREC/85858/MH-2022). A waiver of consent has been sought
and approved, and will apply for the participants in the compar-
ison groups (Melbourne Health, Grampians Health and Eastern
Health) as the study is accessing routinely collected information
from patient records and hospital administrative data.

3.1.4 | Interventions

Upon enrolment at the intervention site, individuals will have
their MPE managed at the discretion of the treating team, which
may include IPC, VATS, chemical pleurodesis (via chest tube
or thoracoscopy), or a combination approach. After the proce-
dure, follow up will be according to the SAPS model of care.
Personalised education, information booklets and IPC consum-
ables (where applicable) will be provided to the participants.
Participants will be given a logbook to monitor breathlessness
and pain up to 1 month from enrolment.

A portable tablet and access to a broadband connection (mobile
4G/5G) will be used by a pleural nurse to facilitate review in the
community. Fortnightly video calls (using the secure video call
platform; Phillips Reacts [21]) and home visits for the first month
(post-definitive procedure), then monthly will be scheduled in ad-
dition to as-needed home visits. Home visits throughout the study
period will be attended by the trained pleural nurse who will re-
view progress, educate, perform teleultrasound with real-time (re-
mote) physician supervision and ensure PROMs are obtained.

Philips Lumify handheld ultrasound devices will be used for the
purpose of remote assessment, with Reacts videoconferencing
software incorporated in the device. Participants will also be pro-
vided with a 24-h on-call number to report worsening of symptoms
or to assist with troubleshooting of IPC-related issues (Figure 3).

3.1.5 | Participant Withdrawal Criteria

Participants can opt out of the trial at any stage without pro-
viding a reason. Participant data up to the point of withdrawal
will be retained, as described in the Participant Information and
Consent Form. Participants withdrawing from the study will re-
turn to receiving standard care.

Alternatively, participants can opt out of completing PROMs but
remain in the study. Additionally, participants may opt out of
home visits and instead attend follow-up appointments in the
outpatient clinic while continuing to complete PROMs.

o -

FIGURE 3 | Pathway for managing MPE-related concerns under the SAPS model of care.
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3.1.6 | Primary Outcome

Pleural effusion-related hospitalisation, in days and percentage of
survival time from enrolment to death or end of study participation.

3.1.7 | Secondary Outcomes (All Sites)
« Overall hospitalisation, in days and percentage of survival
time from enrolment to death or end of study participation

« Unplanned pleural effusion-related outpatient and emer-
gency department (ED) visits from enrolment to death or
end of study participation

o Pleural-related healthcare costs
o Adverse events

« Overall survival

3.1.8 | Secondary Outcomes (Intervention Site Only)

« Percentage of screened patients recruited

« Percentage dropped out/lost to follow up
 Percentage of scheduled home visits carried out

+ Percentage of teleultrasound assessments completed
« Technical issues encountered

+ Percentage of symptom logbooks completed

« Health-related quality of life using EQ-5D-5L [22] and ICEpop
CAPability Measure for Adults (ICECAP-A) [23]

« Symptom measurement (Visual analogue scale for breath-
lessness and pain)

« Health information technology usability evaluation scale
(Health-ITUES) [24]

« Carers' experience survey
« Nurses' experience survey
« Patient activation measure (PAM) [25]

« Qualitative evaluation (semi-structured interviews of par-
ticipants and study nurse)

« Evaluation of the SAPS model of care implementation
(stakeholder interview)

3.1.9 | Participant Timeline

Participation flow is outlined in Table 1.

3.1.10 | Sample Size

This study will be powered to detect a cumulative length of hos-
pital stay difference of 6days or more between the groups (80%
power; a=0.05) based on the AMPLE study [12], with the es-
timated mean in the control group considered to be 12 (SD,12)
days based on a one-sided test. There is no established minimal

TABLE1 | Schedule of participant treatment, follow up and data collection.

Day 0
Timepoint (enroli,nent) Discharge Day1l4 Monthl Month2 Month3 Month4 Month5 Month6
Baseline information?® X
MPE education X X
VAS dyspnoea and pain X X X
(logbook)
Determine drainage regimen X
Assess for pleurodesis® X X X X X X X
EQ-VAS X X X X X X X X
EQ-5D-5L X X X X X X X X
ICECAP-A X X X X X X X X
PAM X X
Healthcare utilisation X X X X X X X
questionnaire
Health-ITUES X X X X X X X
Nurse survey X X X X X X X
Carer survey X X X X X X
Economic evaluation® X
Ultrasound X X X X X X X X

20utlined in the following section.

YIf pleurodesis is achieved: Schedule IPC removal. If not achieved and lung is expandable, consider chemical pleurodesis. If the lung is non-expandable consider

changing the regimen to symptom-guided.
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clinically important difference for this endpoint, but 50% reduc-
tion in the mean hospital stay was considered a clinically mean-
ingful effect size for the purposes of the sample size calculation.

TABLE 2 | Light's effusion grading.

0 No fluid

1 Blunting of the costophrenic angle
2 <25% but more than blunting

3 25% but > 50% of hemithorax

4 50%-75% of hemithorax

5 > 75% of hemithorax

A total sample size of N=114 will be required (n =57 per group).
The overall recruitment target of 114 allows for a lost-to-
follow-up rate of approximately 10%.

3.2 | Data Collection, Management and Analysis
3.2.1 | Data Collection Methods

Data for this study will be collected and entered in a secured data-
base provided by REDCap (Research Electronic Data Capture). A
system of data validation checks will be implemented and applied
to the database. The accuracy of the data will be verified by com-
paring study data to source documents.

INSERT IPC or PLEURAL CATHETER AND ATTEMPT TO DRAIN FLUID
COMPLETELY

Confirm complete drainage of pleural space on chest x-ray

l

Air/Fluid in the pleural space occupying at least 25% of the lateral chest wall

YES

i

Air leak?

YES NO

i i

NO

l

Fully expanded
Lung

Non-expandable
Lung

Pneumothorax

Image: Example of Non-expandable
Lung. IPC in situ (short arrow).

Non-expandable lung - air in pleural
space occupying > 25% of lung (long
arrow) following effusion drainage.

FIGURE4 | Standard operating procedure (SOP) for diagnosing non-expandable lung.
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Participant and nurse interviews will be performed by an
experienced researcher not involved in the clinical care of
trial participants. Guiding interview questions have been de-
veloped using the Health Information Technology Usability
Evaluation Model (Health-ITUEM) [26]. Consecutive par-
ticipants will be invited to participate in the interview, with
the expectation that n=12-16 one-hour interviews will be
required for theme saturation. To ensure consistency of

approach, one researcher will conduct all interviews related

to the study.

The non-identifiable data described below will be collected for
each eligible patient from NH, MH, EH and GH medical records:

3.3 | Baseline Assessment

Patient data

Clinical information

« Diagnosis, initial assessment date, diagnosis date
« Comorbidities

 Previous chemotherapy

 Previous radiotherapy

« ECOG performance status

» Cancer type

Blood and/or pleural fluid tests

Imaging
» Thoracic ultrasound

o Size of pleural effusion (depth and rib spaces)
o Presence of septations within effusion
o Assessment of lung sliding (6-point assessment)
o Other ultrasound findings
« Chest x-ray
o Effusion size grading [27] (Table 2)
o Trapped lung (Figure 4)

Baseline intervention

Analgesia used (local and oral)

Thoracentesis

« Type of intercostal catheter

+ Video-assisted thoracoscopic surgery (VATS)
« Date of surgery

« Duration from diagnosis to surgery

+ Duration from referral to surgery

Ifindwelling pleural catheter in situ

« Drainage regime

+ Drainage volume

« Spontaneous pleurodesis (Figure 5)
« Complications

Percutaneous or surgical pleural or lung biopsy if required
Procedural complications
« Pneumothorax—seen on CXR post-procedure:

o Conservatively managed

o Requiring intercostal catheter

« Haemothorax—detected on CXR post procedure

o Infection
« Site infection (ICC)
o Pleural infection
o Visceral perforation
» Symptomatic loculation post IPC insertion
« IPC blockage needing intervention

Patient characteristics: date of birth, gender, ethnicity, smoking status

+ Blood tests: Serum haemoglobin, white cell count, C-reactive protein (CRP)
« Pleural fluid: pH, lactate dehydrogenase (LDH), protein, glucose and fluid culture

o Presence of pleural effusion (ipsilateral and contralateral hemithorax)

Intrapleural therapy (tPA/DNAse, sclerosant for chemical bedside pleurodesis)

o Prolonged air leak (defined as air leak lasting more than 72h)
o Pneumothorax ex vacuo (CXR showing pneumothorax despite no bubbling evident on UWSD)

« Drain migration—evidenced by subcutaneous emphysema on any CXR
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Baseline questionnaires (from participants at NH only)
28-day logbook for VAS breathlessness and pain

EQ-VAS

EQ-5D-5L

ICECAP-A

PAM

Follow-up

Logbook for VAS breathlessness and pain (up to 28 days)
EQ-VAS

EQ-5D-5L

ICECAP-A

PAM (collected once after 3 months)
Healthcare utilisation questionnaire
Health-ITUES

Nurse survey

Carer survey (as applicable)
Teleultrasound

Health service-specific data

Admission data

Time from admission to procedure (days)

Time from procedure to discharge (days)

Total hospital length of stay (days)

Time to diagnosis (days)

Final diagnosis

Survival as defined in days from enrolment

Re-interventions (ipsilateral pleural procedures)

Re-admissions

+ All re-admissions (planned or unplanned) during the duration of follow-up with the pleural service will be recorded

« Presentations that were clearly unrelated to the pleural procedure will then be excluded. The focus will be in identifying
pleural re-admissions involving the ipsilateral side in which the pleural intervention was originally performed. In cases
where there is uncertainty with regards to the cause of re-presentation, the case will be reviewed by a senior respiratory
physician.

Health economics data

« Pleural-related hospital length of stay

« Cost of ultrasound machine and skilled personnel

« Type of pleural catheter

+ Treatment of complications, where applicable (hospitalisation, re-intervention, antibiotic therapy, diagnostic imaging,

surgery)

Surgery (figure based on procedure)

« For each home visit:

o Distance travelled by study nurse

o Time spent travelling

o Fuel costs

o Time with study participant

o Consumables used

Other out of hospital costs:

o Patient-reported visits to their General Practitioner, imaging/pathology or other hospital, in relation to their pleural
effusion

All hospitals: Diagnosis-related Group (DRG) and Weighted Inlier Equivalent Separations (WIES) or National Weighted

Activity Unit (NWAU)

Other qualitative data (intervention site only)
Semi-structured qualitative interview with study participants (n=12-16)
Semi-structured qualitative interview with all study nurses

3.3.1 | Data Management (2007)—Updated 2018 and in accordance with local policies
and procedures.

Procedures for the handling and analysis of data will be

conducted according to the ICH GCP guidelines and the  Data collected will be stored according to the Australian Code

National Statement on Ethical Conduct in Human Research for the Responsible Conduct of Research for clinical trials and
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local policy guidelines for research data archiving. Access to the
final trial dataset will only be available to the research team at
the lead site.

3.3.2 | Confidentiality

The database will be stored in a secure shared drive, which is
safeguarded against unauthorised access. All future research
projects requiring the use of the information in the database will

require a separate ethics application and the published data will
be non-identifiable.

To comply with local regulations regarding use and disclosure
of protected health information (PHI), patient identifiers (e.g.,
name, date of birth, medical record number) will not be collected
as part of this study. Investigators will access the medical record
of their patient and enter required data into the database. The
database will be maintained for an infinite amount of time. The
protected health information will not be reused or disclosed to

Establishing Spontaneous Pleurodesis Prior to IPC Removal

Drainage volume decreases or ceases

l

Is there significant pleural fluid collection in the pleural space? (Chest x-ray showing
effusion occupying >15% of the hemithorax)

/

YES

I

NO

Not Spontaneous Pleurodesis

Manage clinically

For daily drainage: <50mL fluid
drained on 3 consecutive drainages?

Images: a) Example of pleural
effusion size in setting of spontaneous
pleurodesis. Residual pleural effusion
<15% of right hemithorax. IPC was
subsequently removed.

b) Example of pleural effusion >15%
of the hemithorax and not consistent
with the criteria for spontaneous
pleurodesis.

a)
FIGURE5 | Standard operating procedure (SOP) for establishing spontaneous pleurodesis in individuals with IPC.

For symptom-guided: <50mL fluid
drained on 2 drainage attempts 2
weeks apart?

VRN

YE
Spontaneous Decreasing
pleurodesis fluid
production

i l

Remove IPC Continue with
drainage
protocol

b)
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any other person or entity, except as required by law, for autho-
rised oversight of the research project.

Future research that is not defined in this protocol wishing to ac-
cess the REDCap database will need institutional review board/
ethics board approval before obtaining access to the REDCap
database.

3.3.3 | Statistical Analysis

Data analysis will be on an intention-to-treat basis overseen
by a biostatistician. For continuous outcomes, normality will be
tested using a Shapiro-Wilk test and if normally distributed, dif-
ferences between groups will be analysed using t tests; otherwise,
a Mann-Whitney U test will be used. Subsequent regression
analyses for the primary outcome may be undertaken to adjust
for any noted characteristic or clinical differences between the
intervention and control groups. For categorical variables and
outcomes, differences between groups will be analysed using Chi
Square tests or Fisher's exact tests.

3.3.4 | Health Economic Analysis

The health economic analysis will involve a comparison of
health care costs between the intervention and control groups.
Healthcare costs will be calculated from hospital records and
patient self-report. As participants are not randomised between
the two approaches, there may be unobserved differences in the
baseline patient characteristics. To adjust for these differences in
the cost comparison, we will conduct a difference-in-differences
analysis and fit a regression model for cost with an indicator
for the programmes and baseline characteristics as explanatory
variables. Depending on the distribution of costs, we will select
an appropriate model for the analysis [28] with the candidates
being generalised linear models (GLM), mixture models, para-
metric models based on skewed distributions outside the GLM
family of distributions, two-part models and Tobit models. For
the intervention group where EQ-5D-5L health utility values are
collected, we will also examine how the QoL of the participants
changes over time and which factors contribute most to these
changes using a fixed effects regression model.

3.3.5 | Implementation Evaluation of the SAPS Model
of Care

An evaluation of the SAPS model of care will be performed to as-
sess its reliability, efficiency and scalability. An expert panel
report will be produced via analysis of nursing and participant
surveys and interviews, using the WHO mobile health evidence
reporting and assessment criteria [29].

3.4 | Monitoring
3.4.1 | Data Monitoring
After data have been entered into the study database, a system

of data validation checks will be implemented and applied to
the database. The study database will be updated in accordance

with the resolved query reports. All changes to the study data-
base will be documented.

3.4.2 | Harms

Given the nature of the study, inclusion in the interventional
cohort is not expected to influence the clinical risk posed to
participants. The information routinely collected as part of the
individual's attendance and admission (as relevant) to the hospi-
tal is entered electronically.

3.4.3 | Auditing

Audits, if any, will be carried out by an independent compliance
monitoring officer.

3.4.4 | Safety Reporting

All adverse events occurring during the study period will
be documented and reported. A Data and Safety Monitoring
Committee, comprising three independent members, will
oversee the monitoring of all adverse events. For each adverse
event, the investigator will provide the onset, end, intensity,
treatment required, outcome, seriousness and action taken.
Serious Adverse Events (SAEs) will be reported immediately
to both the local ethics committee and the Data and Safety
Monitoring Committee using the Serious Adverse Event
Report Form, including a documented causal relationship as-
sessment. An SAE is defined as any AE thatresults in death; is
life-threatening; results in persistent or significant disability/
incapacity; prolongs hospitalisation by >24h; is deemed seri-
ous for any other reason such that it is thought to jeopardise
the patient and may require medical or surgical intervention
to prevent one of the other outcomes listed in the above SAE
definitions.

3.4.5 | Trial Monitoring and Oversight

A Trial Steering Committee, comprising the investigators and
trial coordinators, will be responsible for the supervision of the
trial in its entirety. It will be responsible for ensuring the com-
pletion of the trial to clinical and ethical standards. The Data
and Safety Monitoring Committee will oversee the monitoring
of adverse events and the ethical conduct of the study.

4 | Discussion

It is anticipated that the SAPS model of care will reduce pleural-
related hospitalisation and enhance the utilisation of an ambula-
tory care model that focuses on person-centredness, satisfaction
and improving outcomes that are important to people with
MPE. The model is intended to empower individuals with MPE
by educating them on their management choices and facilitating
those choices through digital modalities. It is expected that sat-
isfaction will be high with an approach to care that maximises
time away from hospital.
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Additionally, it is hoped that the study will provide the impetus
for upskilling of community nurses to improve management of
pleural disease. This will support a case to develop infrastruc-
ture to provide better clinical support for people in the commu-
nity with IPCs.

The strengths of the study include the multi-centre (metropoli-
tan [NH, MH, EH] and regional [ GH]) collaboration, enabling di-
rect comparison of outcomes related to the SAPS model of care.
Additionally, this is a real-world, pragmatic study, meaning that
there are no exclusion criteria beyond that of MPE diagnosis. To
our knowledge, this will be the first study in which the actual
cost of MPE management is examined in a prospective fashion.

Limitations of the study include that only one centre is desig-
nated as the intervention site, with the results susceptible to
potential health service-specific biases. The study does not ac-
count for potential pre-existing differences between sites which
could influence outcomes independently of the intervention.
Qualitative analyses are subject to bias given the lack of blinding
of participants, study nurses and the lack of a control arm. There
are possible losses to follow-up of trial participants relocating to
a different state or country, as healthcare data outside Victoria
cannot be accessed. Given the geographic location of the pri-
mary recruitment site, cellular network coverage may be incon-
sistent and affect the quality of teleultrasound consultations.

The outcomes from the study will guide future planning for a re-
gional or state-wide pleural service to support people with pleu-
ral disease. The SAPS model of care may also be extended to the
management of individuals with pneumothorax [30] or transu-
dative pleural effusion [31] (such as heart-failure related pleural
effusion) in the future as more evidence emerges for ambulatory
management of these pleural diseases.
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