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Introduction

The MARCH trial is a 2x2 factorial, randomised, controlled, open-label, Phase 3, pragmatic,
clinical and cost effectiveness trial with internal pilot to determine whether mucoactives
(carbocisteine and hypertonic saline) in critically ill patients with acute respiratory failure
(ARF) reduce duration of mechanical ventilation. Although mucoactives are unlikely to impact
on mortality, a reduction in the duration of mechanical ventilation may reduce ventilator-
associated co-morbidities and hospital service resource use compared to usual care. The cost
of a Level 3 (Intensive Care Unit, ICU) bed day in critical care in the UK (based on 2 to 6 organs
being supported) is approximately £2600 [1]. If the use of mucoactives results in patients
coming off mechanical ventilation one day earlier and stepping down to a lower level of care,
this could save more than £900 per patient with ARF (based on a Level 2 (High Dependency
Unit) bed day cost of £1700) [1]. This is a conservative estimate of the economic saving

because the patient’s overall hospital length of stay might also be reduced.

Method

We will assess the cost-effectiveness of the interventions in Table 1 at 6 months via a cost-
utility analysis embedded in the MARCH trial. Current guidelines for conducting [2, 3, 4] and
reporting [5] economic evaluations will be followed. The analysis of costs will be performed
from the perspective of the National Health Service (NHS) and Personal Social Services (PSS).
Discounting will not be required for the analysis as the time horizon does not exceed one

year.

Table 1 MARCH trial treatment arms.

Intervention A Carbocisteine: 750 mg three times daily, for up to 28 days, delivered
systemically, plus usual airway clearance management.
Intervention B Hypertonic saline: 4 ml of 6 or 7% concentration, delivered via

nebulisation, four times daily, for up to 28 days, plus usual airway
clearance management.

Intervention AB Carbocisteine and hypertonic saline (as described in A and B), plus
usual airway clearance management.

Usual Care 0 Usual airway clearance management including suctioning, heated
humidification (either active heated humidification devices, or
passive heat and moisture exchangers), and respiratory
physiotherapy; use of isotonic saline may also be used depending on
clinician preference
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Measurement of health care resource use and costs

Hospital resource use data will be collected prospectively using the case report form during
the participants’ primary admission to ICU. Length of stay for the primary critical care
admission will be calculated from the date of randomisation to the date of critical care
discharge or date of death if this occurs within critical care. General hospital ward length of
stay will be calculated from the date of critical care discharge to the date of hospital discharge
or date of death if this occurs on the ward. Data on any readmissions to ICU will be obtained
from the Intensive Care National Audit and Research Centre (ICNARC) for participants at ICUs
which participate in the Casemix Programme (CMP) and from the Scottish Intensive Care
Society Audit Group (SICSAG) via the Electronic Data Research and Innovation Service (EDRIS)

for those participants in Scottish ICUs.

Cost for critical care will be calculated for each participant’s critical care admission using the
Healthcare Resource Group (HRG) code corresponding to each critical care admission and any
readmission during the primary hospital admission. These will be provided by ICNARC for
participants at CMP sites. The HRG codes represent the highest level of complexity, based on
the total number of organs supported during the admission.. Since Scotland has not fully
adopted the HRG methodology we will apply the modal HRG code observed for the critical
care admissions of participants at the CMP sites to the critical care admissions of the Scottish

participants. An approach used previously in a similar population [9].

Intervention costs will be calculated using data collected from the CRF. Ward stay costs will
be calculated by multiplying the number of ward days during the primary hospital admission

by the unit cost associated with rehabilitation for respiratory disorders.

Participants’ use of health and social care service from hospital discharge to 6 months post
randomisation will be measured using a postal questionnaire. Telephone completion will also
be used for non-responders. Participants will be provided with a health service log booklet at
hospital discharge to keep track of their health service use and to facilitate questionnaire
completion. Mortality status will be confirmed prior to participant contact by contacting GPs.
Individual-level resource use will be combined with unit costs to estimate costs for each

participant. Unit costs will be obtained from publicly available sources; NHS Reference Costs,
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Unit Cost of Health and Social Care from Personal Social Services Research Unit and the Drug

Tariff.

Measurement of health outcomes

Utilities for the calculation of quality adjusted life years (QALYs) will be obtained using the
EQ-5D-5L [6] administered at consent to continue, 60 days and 6 months post randomisation
via a postal questionnaire. Telephone completion will be used for non-responders. The EQ-
5D-5L is a generic preference-based measure of health-related quality of life (HRQoL), which
provides a description of health using five dimensions (mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression) each with 5 levels of severity. Responses will be
converted into utility scores using the UK tariff recommended by NICE at the time of analysis:
this is currently a model developed by Hernandez Alava et al [7]. QALYs will be calculated
using the area under the curve method. As patients are critically ill at baseline, an EQ-5D-5L
utility score of zero will be assumed, in keeping with other studies in the critical care setting

[8-11].

Analysis of costs and outcomes

Descriptive statistics (mean, standard error, 95% confidence interval) will be used to
summarise (by each treatment arm) the health service use (during primary hospital admission
and after discharge until 6 months), the associated costs, EQ-5D-5L scores and QALYs. Death
will not be treated as a censoring event and so periods after death will be counted as
observations with known outcome, an approach used previously in similar patient
populations [8-10]. This means that for participants who have died in hospital, resource use

and costs after hospital discharge until 6 month follow up will be considered to be zero.

Missing data

Missing data have the potential to introduce bias into trial results as participants with
incomplete health economic data may be systematically different from those with complete
data [12]. Therefore, for the cost-effectiveness analysis missing health economic data will be
multiply imputed with chained equations and predictive mean matching using the ‘mi impute
chained command’ in Stata. This assumes that data are missing at random. A regression

model will be specified to predict the missing data and selected variables will be entered into
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the model as predictors e.g. treatment group, baseline characteristics. The number of
imputed datasets generated will be similar to the maximum percentage of incomplete cases

observed in the data [13].

Cost-effectiveness analyses

Recommendations have recently been published [14] on methods for analysing economic
evaluations of full factorial trials and we will use these to guide the analyses. In keeping with
this guidance, we will treat each option within the factorial design as mutually exclusive
options (A, B, AB or 0 as per Table 1) i.e. we will not assume important interactions exist
between the factors. Although no interactions are anticipated between carbocisteine and
hypertonic saline in the analysis of clinical endpoints, it is possible that interactions may occur
in terms of costs and QALYs. Regression analysis with an interaction term and adjusting for
baseline characteristics will be used on the multiply imputed datasets to estimate Total Costs,
QALYs and net monetary benefit (NMB)! over the 6 month time horizon for each of the four
treatment options. Incremental Costs, QALYs, NMBs and the incremental cost-effectiveness
ratios (ICERs)? of each option relative to the next best option will also be calculated. NICE’s
[2] cost-effectiveness threshold of £20,000 per additional QALY will be used to identify which
of the four treatments has the highest NMB and is therefore the optimal choice i.e. best value
for money.

Uncertainty in the health economic data will be explored by non-parametric bootstrapping
drawing 1000 samples of the same size as the original sample with replacement [15]. The
resulting 1000 replicates will be plotted on the cost-effectiveness plane [16] and used to
construct a cost-effectiveness acceptability curve [17] showing the probability of each option

having the highest NMB at different levels of WTP per QALY.

Sensitivity analysis

Sensitivity analyses will be performed to explore impact on cost effectiveness of variations in

key parameters and will include exploring the impact of; regression analysis without an

1 Net monetary benefit is calculated as NMB=WTP*mean QALYs-mean Costs, where WTP is the decision
maker’s maximum willingness-to-pay per QALY

2 Incremental cost effectiveness ratio is calculated as ICER= difference in mean Costs / difference in mean
QALYs between a pair of treatments.
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interaction term and plausible departures from the missing at random assumption of multiple

imputation (performed using pattern-mixture models [18]).

Draft tables are presented in the Appendix.
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Appendix

Draft tables

Table 2 Units costs in 2020/2021 Great British pounds (GBP, £)

Resource item

Unit
Cost (£)

Source and details

Carbocisteine

NHS Drug Tariff

Hypertonic saline

NHS Drug Tariff

Level 3 day NHS Reference Costs
Level 2 day NHS Reference Costs
Level 1 day NHS Reference Costs

Level 0 / Ward day

NHS Reference Costs

Ambulance

NHS Reference Costs

Emergency department
attendance, not admitted

NHS Reference Costs

Emergency department
attendance, admitted

NHS Reference Costs

Hospital Outpatient
attendance

NHS Reference Costs

GP surgery consultation

Unit Costs of Health and Social Care

GP phone consultation

Unit Costs of Health and Social Care

GP home consultation

Unit Costs of Health and Social Care

GP out of hours
consultation

Unit Costs of Health and Social Care

GP nurse surgery
consultation

Unit Costs of Health and Social Care

GP nurse phone
consultation

Unit Costs of Health and Social Care

District nurse visit

Unit Costs of Health and Social Care

Specialist nurse visit

Unit Costs of Health and Social Care

Social worker visit

Unit Costs of Health and Social Care

Physiotherapist visit

Unit Costs of Health and Social Care
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Occupational therapist
visit

Unit Costs of Health and Social Care

Dietitian visit

Unit Costs of Health and Social Care

Counsellor visit

Unit Costs of Health and Social Care

Homecare worker

Unit Costs of Health and Social Care
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Table 3 Table 1 Number (%) of participants with complete health economic data by type and

treatment group

Carbocisteine (n=)

(n=)

Hypertonic saline

(n=)

Carbocisteine &
Hypertonic saline

Usual care (n=)

Data type

Comple
te (%)

Incomple

te (%) te (%)

Comple

Incomple

te (%) te (%)

Comple

Incomple
te (%)

Comple
te (%)

Incomple
te (%)

Health
service

Primary
hospital
admission
(Randomisati
onto
hospital
discharge)

Discharge to
6 months

Randomisati
onto6
months

EQ-5D-5L

60 days

6 months

QALYs at 6
months

Table 4 Total costs (UK £) by type and treatment group over 6 months (observed cases, without
imputation of missing data).

Service Costs

Carbocisteine (n=)

Hypertonic saline (n=)

Carbocisteine &
Hypertonic saline

(n=)

Usual care (n=)

Obs

Mean (95%
Cl)

Obs

Mean (95% CI
)

Obs Mean

(95% ClI)

Obs Mean

(95% ClI )

Primary ICU stay

Other ICU
readmission days

Wards days

Total primary
admission costs

Intervention

Health service
use discharge to
6 months

Total health care
costs over 6
months

Obs= Observed number of cases; N (%) = number of participants using the service; n=number randomised; Cl= confidence

intervals
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Table 5 Regression analysis with an interaction term, including imputation of missing values and
adjustment for baseline characteristics

Total Costs/
Participant

Total QALYs/
Participant

NMB/
Participant

Cost per QALY

Versus Versus
Usual Carbocisteine
Care

Versus
Hypertonic
saline

Main effect
Carbocisteine
(SE)

Main effect
Hypertonic
saline (SE)

Interaction
Carbocisteine X
Hypertonic
saline (SE)

Constant term
(SE)

Predicted mean
outcome

Carbocisteine
(SE)
Hypertonic
saline
Carbocisteine
& Hypertonic
saline (SE)

Usual care
(SE)

(SE)
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