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Abstract

Background

Prolonged mechanical ventilation increases the risk of mortality and morbidity. Optimising

sedation and early testing for possible liberation from invasive mechanical ventilation (IMV)

has been shown to reduce time on the ventilator. Alongside a multicentre trial of sedation

and ventilation weaning, we conducted a mixed method process evaluation to understand

how the intervention content and delivery was linked to trial outcomes.

Methods

10,495 children admitted to 18 paediatric intensive care units (ICUs) in the United Kingdom

participated in a stepped-wedge, cluster randomised controlled trial, with 1955 clinical staff

trained to deliver the intervention. The intervention comprised assessment and optimisation

of sedation levels, and bedside screening of respiratory parameters to indicate readiness for

a spontaneous breathing trial prior to liberation from ventilation. 193 clinical staff were inter-

viewed towards the end of the trial. Interview data were thematically analysed, and quantita-

tive adherence data were analysed using descriptive statistics.

Results

The intervention led to a reduced duration of IMV (adjusted median difference– 7.1 hours,

95% CI -9.6 to -5.3, p = 0.01). Overall intervention adherence was 75% (range 59–85%).

Ease and flexibility of the intervention promoted it use; designated responsibilities, explicit

pathways of decision-making and a shared language for communication fostered proactivity
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and consistency towards extubation. Delivery of the intervention was hindered by estab-

lished hospital and unit organisational and patient care routines, clinician preference and

absence of clinical leadership.

Conclusions

The SANDWICH trial showed a significant, although small, reduction in duration of IMV.

Findings suggest that greater direction in decision-making pathways, robust embedment of

new practice in unit routine, and capitalising on the skills of Advanced Nurse Practitioners

and physiotherapists would have contributed to greater intervention effect.

Trial registration

isrctn.org Identifier: ISRCTN16998143.

Introduction

This paper reports the findings of a process evaluation conducted alongside a pragmatic clini-

cal trial that evaluated a behaviour-change intervention designed to expedite liberation from

mechanical ventilation for critically ill children in the intensive care unit (ICU). The interven-

tion was complex including several interacting components [1]. All components had to be

delivered daily by the multi-disciplinary clinical team and required clinicians to change from

their usual practice and adopt the new intervention. The intervention was evaluated in 18 UK

paediatric ICUs of various sizes, resources and organisational cultures. In such multicentre tri-

als, an assessment of the primary outcome may provide an answer to the research question

‘does it work?’ (in this case, to reduce the duration of time on the ventilator), but does not con-

sider ‘how’ this was achieved.

Process evaluations provide important insights into how complex interventions do or do

not produce change. This is achieved by studying the processes of intervention implementation,

receipt and delivery [1, 2] that involve collecting measures of intervention fidelity (delivered as

planned), dose (proportion delivered) and reach (proportion of eligible patients receiving the

intervention). Process evaluations also investigate contextual issues impacting delivery that

include participant understanding and response, organisational norms and working, and avail-

able resources [3, 4]. By showing how an intervention works in everyday clinical settings, pro-

cess findings can be used to guide adoption into real-world practice [5, 6]. Given the focus on

practical potential, process evaluations are of particular value in pragmatic trials [7].

The sedation and weaning in children (SANDWICH) trial

The Sedation and Weaning in Children (SANDWICH) trial was a stepped wedge, cluster ran-

domised controlled trial that investigated if a ventilation liberation intervention reduced the

duration of invasive mechanical ventilation (IMV) in children [8]. The intervention was evi-

dence-based, drawing on two Cochrane systematic reviews [9, 10] and designed to capitalise

on bedside nurses’ involvement to maximise clinical team engagement. A comprehensive edu-

cation package was delivered to all multidisciplinary staff in all sites using a multi-faceted

approach that included both on-line and face-to-face engagement [11]. The intervention per-

mitted flexibility in delivery, while maintaining the core components. The comparator was

usual care (Table 1).
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The stepped wedge trial had 22 time periods; each period duration was four weeks. All par-

ticipating ICUs started in the usual care period, and one ICU was sequentially randomised

every four weeks to enter an eight week training period, before crossing over to the interven-

tion period for the remainder of the trial (Fig 1). The trial primary outcome was duration of

time from intubation to first successful extubation.

The process evaluation was conducted to aid understanding of delivery of the intervention.

The Medical Research Council (MRC) guidance on process evaluations [1] differentiates

between what is delivered and how delivery is achieved. In this paper, we focus on the latter. In

doing so, we address the following research question: ‘How did the processes involved in inter-

vention delivery impact on the outcome of the trial?’

Table 1. SANDWICH and usual care.

SANDWICH Usual care

Multidisciplinary ward round, review of patient sedation

assessment (COMFORT values) and ventilation criteria

(daily screening), and daily targets fed back to the bedside

nurse

Mainly medical disciplines. Sedation and ventilator

weaning decisions not guided by COMFORT or daily

ventilation assessments

Guidelines for nurse management of sedation

optimisation involving 6-hourly COMFORT assessment

and titration of sedatives to achieve the optimal target

range

COMFORT assessment by nurses at variable time

points

No sedation optimisation guide

Twice daily screen of 5 ventilation parameters

incorporating a higher respiratory support parameter to

trigger earlier readiness to undertake a spontaneous

breathing trial.

A spontaneous breathing trial (SBT) on a low level of

respiratory support to test extubation readiness.

Mainly small reductions in respiratory support over

variable time periods to very low levels of respiratory

support before testing readiness to extubate

No or minimal nursing involvement

COMFORT is the name of the tool used to assess sedation and comfort of infants and children in paediatric intensive

care. A full description of the intervention using the TIDieR checklist is available [12].

https://doi.org/10.1371/journal.pone.0293063.t001

Fig 1. The SANDWICH trial schematic.

https://doi.org/10.1371/journal.pone.0293063.g001
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Methods

Aim and objectives

The aim of the study was to determine how the processes involved in intervention delivery

affected the outcome of the trial. The objectives were to determine the fidelity, dose and

reach of the intervention, and the factors and processes involved in delivery of the

intervention.

Design

This was a process evaluation using mixed methods. We developed a logic model for the

SANDWICH intervention, based on our earlier Cochrane review [13] and extended expert

discussion [S1 Appendix]. The logic model specified the underpinning causal assumptions of

the intervention, setting out its main components and the five processes by which they were

envisaged to work together to achieve trial outcomes (Fig 2). The process evaluation investi-

gated these processes to consider the extent to which they operated as intended and potential

impact on study outcomes. The clinical trial and process evaluation study was approved by the

National Research Ethics Committee East Midlands (reference 17/EM/0301) on 12 September

2017. We used the MRC guidance for process evaluations of complex interventions [1] and the

Standards for Reporting Qualitative Research (SRQR) checklist [14] for reporting qualitative

research [S2 Appendix].

Data collection and analysis

Quantitative data collection. Data collected to determine the fidelity, dose and reach of

the intervention included:

Fig 2. SANDWICH logic model. Adapted from Blackwood et al., 2022 [14]. COMFORT is the name of the tool used to assess sedation

and comfort of infants and children in paediatric intensive care. Abbreviations: MDT, multidisciplinary team; PICU, paediatric intensive

care unit; SBT, spontaneous breathing trial.

https://doi.org/10.1371/journal.pone.0293063.g002
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1. Daily adherence to conducting the intervention components (multidisciplinary ward

round; COMFORT assessment; screening for readiness for a spontaneous breathing trial;

undertaking an SBT when screening criteria were met)

2. Numbers of staff trained in the intervention

3. Numbers of children admitted requiring IMV and numbers screened for trial eligibility

Trained research nurses collected and recorded the daily adherence data onto case report

forms (CRF). Staff training data were recorded on study training logs, and admission and

recruitment data were collected from the study recruitment logs, and the paediatric intensive

care national database.

Quantitative data analysis. Adherence was measured by the proportion of each interven-

tion component performed and captured daily; the number of staff trained; and intervention

reach (admissions screened divided by IMV admissions during the trial period). Due to

sequential recruitment of clusters over time, we did not measure adherence over time, but pro-

vide the final mean adherence proportions for each ICU, ranked from highest to lowest. The

trial’s primary outcome was the duration of IMV, measured from initiation of ventilation to

the first successful extubation event. The estimate of the treatment effect was a time and cluster

adjusted hazard ratio (HR) with 95% confidence intervals. The duration of IMV was analysed

using a Cox proportional hazards model, with a frailty term for clustering by ICU. The time to

event outcome was censored at the transition from usual care to the intervention training

period, hospital discharge, 90-days, death, or if the child received a tracheostomy. We derived

an absolute measure of effect by calculating the median of the model-based prediction of sur-

vival duration at all 22 periods in the stepped wedge trial and the difference between the inter-

vention and usual care periods, and we summarised the extent of variability over the 22

periods using the interquartile range.

Qualitative data collection. A senior ethnographer (JJ), who was not involved in the clin-

ical trial, visited participating sites to undertake face-to-face individual and focus group inter-

views. All clinical staff involved in delivering the intervention were eligible for interviews.

Recruitment entailed an initial email from the researcher comprising an introduction, with

attached Participant Information Sheet (PIS). The email was distributed to all eligible staff

ahead of site visits. From amongst the staff working on the days of site visits, a range of clini-

cians and grades were purposively selected for interview. Prior to the interview, participants

were given an opportunity to read the PIS again and ask questions. Once satisfied that

informed consent had been completed, participants were asked to sign a Consent Form.

No prior relationship between JJ and participating staff existed, and all were made aware of

her impartiality and need to gain candid insight into their experiences of trial delivery. Guided

by a semi-structured interview schedule, discussions explored participant understanding and

experience in relation to the five areas theorised as underpinning intervention effectiveness:

training; flexibility; proactivity; consistent weaning and sedation care and management; and

MDT working. The interview guide was developed by JJ and the Chief Investigator (BB). It

was piloted with another author (LMcI), who is a paediatric intensive care nurse. Interviews

were undertaken in a quiet location close to the paediatric ICU, lasting between 30–90 min-

utes. They were audio-recorded and fully transcribed, with anonymisation. Only JJ had access

to information that could identify individual participants during and after data collection.

Qualitative data analysis. Data were analysed deductively and inductively. Deductively,

the four components of the intervention and associated processes were used as a ‘point of

entry’ into data. Inductively, Braun and Clarke’s thematic content analysis framework [15] was

used to generate themes that crosscut the entirety of the qualitative dataset [S3 Appendix].
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Individual and group interview data were combined [16, 17]. The same ethnographer led data

analysis. To promote confirmability and trustworthiness, a 15% sample of data was sent to an

independent qualitative researcher (CK) to check the analysis, identifying key differences and

similarities in pursuit of an agreed final analysis [18]. Interview findings are presented accord-

ing to the five proposed processes of how the intervention was envisaged to achieve the trial

outcome outlined in the logic model.

Findings

The patient recruitment period in the clinical trial was from February 2018 to October 2019

and last patient follow up was November 2019. The recruitment period for the process evalua-

tion was from February 2018 to March 2020.

In total, 10,495 admissions to 18 paediatric ICUs were analysed. Findings for all ventilated

children showed a significant reduction of 7.1 hours median difference (IQR -9.6 to -5.3,

p = 0.01) between usual practice and the intervention in favour of the SANDWICH interven-

tion. Further detailed results from the clinical trial are published elsewhere [11, 19].

Fidelity, dose and reach of the SANDWICH intervention

Across the paediatric ICUs, the intervention reached a high proportion of patients (median

82%, IQR 77%, 89%). The median (IQR) of percentage adherence to the intervention compo-

nents across the paediatric ICUs was highest for setting targets on the ward round (ventilation,

90% [QR 81, 96]; sedation, 85% [IQR 63, 89]) and COMFORT assessment (83% [IQR 82, 91]);

moderate for daily screening (74% [IQR 66, 83]) and lowest for undertaking a SBT when crite-

ria were met (40% [IQR 31, 51]). The mean of all components was 75% (range 59–85%). The

proportion of intervention adherence within each ICU is presented in Table 2.

Table 2. The proportion (%) of intervention adherence in each paediatric intensive care unit.

Paediatric ICU

ID

COMFORT

assessed

Target set

COMFORT

Target set

ventilation

Readiness for SBT

assessed

SBT

initiated

Training

target

Reach1 Average

16 93.5 98.3 99.1 81.5 54.8 82 88.6 85.4

17 88.0 92.0 96.0 70.8 60.0 100 82.3 84.2

18 90.9 93.5 95.9 84.2 53.0 85 74.5 82.4

15 96.9 96.5 98.4 63.3 51.9 76 76.7 80.0

02 84.1 89.1 91.6 66.0 48.4 80 92.5 78.8

01 82.0 87.4 87.3 89.9 21.6 90 88.3 78.1

13 81.6 89.3 91.8 74.5 38.5 84 86.8 78.1

08/092 84.7 81.5 89.95 62.6 39.2 94 86.6 76.95

06 69.8 65.2 95.0 81.0 50.6 90 82.3 76.3

05 90.7 87.1 81.4 54.0 32.0 81 100.0 75.2

12 83.1 82.4 82.6 72.5 33.1 86 78.0 74.0

04 79.3 62.5 88.0 61.3 45.4 91 89.5 73.9

11 75.8 77.5 73.6 86.8 29.5 83 71.9 71.2

07 77.5 63.2 96.3 76.1 19.8 80 75.3 69.7

10 94.0 34.8 34.8 92.5 44.7 78 72.6 64.5

03 81.8 53.7 56.8 83.4 15.0 59 85.3 62.1

14 83.2 39.1 28.1 66.8 30.8 86 80.1 59.2

1Reach was defined as the extent to which a target population came into contact with the intervention, measured by the proportion of patients screened (recruits and

exclusions) divided by IMV admission patients.
2Two paediatric ICUs in the same hospital were randomised together and analysed as one site.

https://doi.org/10.1371/journal.pone.0293063.t002
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Interview participants

In total, 1,955 staff from 18 paediatric ICUs were trained in the intervention and 193 of these

staff participated in end of trial interviews. They included 112 nurses (bedside, senior clinical

management, and advanced nurse practitioners); 42 medical staff (medical trainees and con-

sultant intensivists); 14 allied health professionals (physiotherapists, pharmacists and nursing

assistants); and 25 research team members.

Factors and processes involved in delivery of the intervention

Supporting quotes for the following analysis are presented in S4 Appendix.

Training promotes understanding and skill set. Overall, the training was considered

integral to staff understanding of the purpose and content of the intervention and the effective

discharge of their respective roles and responsibilities. Training was regularly discussed as

time-consuming, particularly the online component. Face-to-face training was considered

more enjoyable and effective due to its practical nature and focus, including as participants

could ask questions and resolve emerging issues. In contrast, the online component could be

described as lacking an immediate “real-world” relevance.

Ease and flexibility of use

Intervention acceptability. The intervention was consistently validated as technically

straightforward to use and accommodate within routines of care. Although bedside nurses

were aware of increased documentation, overall, they endorsed the ease and flexibility with

which COMFORT scoring and SBT readiness screening could be undertaken. That the inter-

vention explicitly accommodated independent clinical decision-making was considered par-

ticularly important for buy-in from unit consultants, who expressed no sense of being

constrained in their decision-making regarding either the conduct of SBTs or patient extuba-

tion. The same independence was highlighted by nursing staff, primarily in relation to the

management of patient sedation.

Stasis in the absence of explicit direction. Although the intervention’s strategic flexibility

was widely endorsed, it was also discussed as inadvertently working against optimal interven-

tion delivery. Three main issues were identified. First, the flexibility inherent in the COM-

FORT assessment, which was categorised into a range of scores indicating sedation ‘status’ for

weaning. The categorisation could be problematic due to an overlap in ranges (10–12 consider

weaning sedation; 12–17 comfortable and can be safely extubated). A child who scored in the

range 12, or just above, could fail a SBT screen and remain longer on the ventilator. Second,

the option of running a SBT for up to two hours. This period of time could allow attention to

move away from a patient’s weaning progress as other priorities of patient care took prece-

dence. It could also diminish the perceived importance of the need to extubate, as staff were

aware a patient could remain on SBT settings for two hours. On the occasions when a patient

remained on a SBT for longer than two hours, the end goal of extubation could be undermined

in that the patient could tire and need to be returned to higher levels of support. Third, the

intervention did not stipulate that extubation should follow within a set time after a successful

SBT, in recognition that this might not be practically possible. However, the lack of such a

requirement was linked to an indefinite postponement of extubation in some cases as other

unit pressures took priority and/or relevant staff were unavailable.

Promotes proactivity in weaning. Effectiveness of ward round planning. The morning

ward round was the primary forum of decision-making regarding daily plans for individual

patient care in all units. Building on this opportunity, the intervention included explicit guid-

ance on the use of ward rounds to set targets for patient sedation and weaning. Where
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discussion occurred, participants gained clarity concerning plans. Conversely, deficits in ward

round discussion, and thus planning, were associated with uncertainty and potential delay in

patient weaning progress. Overall, accounts suggested inconsistent adherence both within and

between units. Three main factors were implicated. First, that those leading the ward round

ensured relevant discussion took place. Second, discussion was more likely to occur if a patient

was considered to be approaching readiness for extubation. Third, weaning plans could be de-

prioritised if other information took precedence within a tight time frame for discussion.

Development of an underpinning momentum towards extubation. To varying degrees, par-

ticipants in all units considered adoption of the intervention to have encouraged an overall

momentum towards patient extubation. Several inter-related processes were identified. First,

staff were prompted to consider weaning and keep opportunities for progress at the forefront

of thinking. Second, staff were enabled to advance weaning according to their respective roles

and responsibilities without explicit direction. Third, inconsistency was reduced as staff who

might otherwise adopt a more extended approach to weaning were discouraged from doing

so. Finally, anticipatory patient preparation was encouraged in respect of what might ‘come

next,’ e.g. stopping patient feeds ahead of a SBT and potential extubation.

Promotes consistent weaning related care. Enhanced prioritisation and conduct of
patient sedation. Across all professions, participants upheld the positive impact of COMFORT

assessment in promoting appropriate and consistent sedation management. Consistency was

linked to the shared multidisciplinary language provided by the intervention. Resulting

improvements included increased attention to other factors impacting on patient comfort (e.g.

pain, and improved drug regimes), which were associated with enhancing extubation

readiness.

Impulse to adhere to preferred sedation practice. Inconsistencies in the performance of

COMFORT assessment and attendant sedation management were associated with two issues.

First, the prioritisation of other care, particularly in the context of heavy workloads and unwell

patients. Second, a preference amongst bedside nurses, particularly the inexperienced, to

maintain patient safety by keeping children ‘well’ sedated. The intervention itself could be

implicated in over-sedation in that it could be followed ‘technically’, but still allow for a child

to remain too well sedated.

Expediting patient extubation. Participants confirmed that units incorporated SBTs with

daily readiness screens into their practice, indicating that both were valuable in advancing

extubation. Units created times for both activities to fit with established routines. SBT readi-

ness screens scheduled for the early morning, typically towards the end of the night shift, were

described as most consistently undertaken for two reasons: night nurses had the requisite time

available, and it ensured the result was available for the morning ward round discussion. Com-

pared to SBTs scheduled for later in the day, participants confirmed that those scheduled for

the morning were also more consistently performed and led to patient extubation due to better

staffing resources and established routines of patient care.

Both medical and nursing staff discussed the valuable learning gained concerning the valid-

ity of the SBT readiness screen/SBT for advancing patient weaning. Overall, this involved

acceptance of the value of moving away from a gradual “step-down” approach to one of wean-

ing patients more dynamically. Thus, one of the most frequently articulated aspects of learning

concerned the potential for weaning to be safely expedited by taking patients from a relatively

high pressure support to a lower pressure support during the SBT.

Impulse to adhere to preferred ventilator weaning practice. Participants highlighted the per-

sistence of established practice, resulting in inconsistent intervention adherence and delayed

weaning progression. Various manifestations were described. Doctors could insist on person-

ally assessing all patients before moving to the ‘next step’ of the intervention. They could also
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continue to wean patients onto progressively lower ventilator settings before extubation, rather

than initiate a SBT following a successful screen. In some cases, SBTs were performed only

when low ventilator settings had been reached. In such cases, rather than being used to poten-

tially expedite extubation, the SBT was being used as a final check. Following a successful SBT,

but where extubation was contraindicated, on occasions, patients were returned to full ventila-

tor support due to consultant aversion to leaving patients on low pressure support for any

length of time. Finally, inexperienced medical and nursing staff were sometimes described as

prematurely ending a SBT based on initial changes in a patient’s breathing rate, which may

have settled as patients became accustomed to the new mode/level of support. Where non-

adherence to the protocol occurred, doctors were required to provide a rationale for their deci-

sion-making. Bedside nurses, who were responsible for recording the reasons, could express

frustration that none was given or that adequate detail was missing.

Variability of consistency relating to unit routines. Participants highlighted opportunities

and challenges to consistent intervention delivery afforded by the daily routines of unit

activity. One challenge concerned the morning ‘ward round’. In many units, off-unit rounds

took place involving the medical team and senior nurse-in-charge, with the latter communi-

cating plans ‘back’ to bedside staff. This practice was considered to negatively affect full mul-

tidisciplinary weaning decision-making. Potentially, relevant patient information might not

be communicated, and decisions could be made without input from bedside nurses. Senior

nurses highlighted frustration at being unable to achieve proper trial-related discussions

during off-unit handovers, meaning they had to make plans based on non-specific

discussions.

Many accounts suggested a diminished impetus to undertake SBT screening and SBTs in

late afternoon or evening because unit routine practice meant patients were less likely to be

extubated. Even when units operated with a formal ‘24/7’ extubation policy, participants

acknowledged that policy implementation was selective. For example, if patients passed a SBT

later in the day, ventilator pressures were reduced, but patients often remained intubated until

a decision the next morning. Thus, instead of expediting ventilator liberation, the function of

later screening and SBTs was seen as providing insight into patient progress.

Patient weaning or extubation could be subordinated to other core unit activity, resulting

in patients remaining on ventilation for several hours. Examples included patient investiga-

tions or clinical procedures, off-unit investigations, and staff breaks. In some units, partici-

pants described a routine of stopping feeds in the early morning (typically 4 hours) in

anticipation of a successful SBT as contributing to timely extubation. Conversely, in units

where this routine was absent, extubation could not immediately follow a successful SBT

because the feed-stopping period had not commenced.

Intervention adherence was most strenuously questioned when it was understood to be

largely redundant in terms of patient care. For example, participants talked about non-perfor-

mance of SBT and screening when staff were aware that patients were clinically inappropriate

for extubation. Similarly, ward round discussions of ventilator and sedation targets more likely

occurred when a patient was approaching readiness for extubation. An awareness of the

adverse impact of such behaviour on trial delivery was often accompanied by avowals that

selective performance of intervention-related tasks was rational, especially in the context of an

already heavy workload. The tailoring of trial delivery to maximise relevance, as well as the

possibilities for timely extubation, was commonly described.

Availability of appropriately skilled staff. The impact of the availability of medical consul-

tants on weaning progress was repeatedly discussed by participants. Across all units, when the

consultant was absent, responsibility for patient care fell to less experienced medical col-

leagues. Participants highlighted delays in weaning progression during such times, based on a
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combination of personal lack of confidence in their knowledge and skills, or fundamental dis-

interest amongst these staff; lack of confidence in their skill set on the part of senior colleagues;

and the 3–6 monthly rotation of this staff group militating against relevant training in trial ini-

tiatives. A frequently described example of delayed weaning progress concerned their refusal

to undertake a SBT until consultants were available.

Some units employed Advanced Nurse Practitioners (ANPs) with specialist training in

patient weaning and extubation. At times, participants described the ANPs as central to the

ability of the unit to progress weaning/extubation in the absence of consultant cover. In units

where ANPs did not use these skills, a missed opportunity for trial delivery was highlighted. In

some units, more experienced bedside nurses who had completed an advanced training course

were authorised to perform SBTs, thereby increasing the availability of staff able to progress

weaning. Differential physiotherapy involvement in weaning meant that only a few units

authorised physiotherapists to extubate. In these units, physiotherapist participants

highlighted the advantages of their involvement in terms of availability of staff to execute SBTs

and/or extubate in the absence of consultant cover.

In some units, staff recruitment issues impacted trial delivery. A lack of a full complement

of consultants, and/or frequent changes to the medical team, were discussed as increasing con-

sultant workload. This engendered a concentration on priorities of patient care to the detri-

ment of trial related activity. Additionally, locum consultants employed to make up staff

shortfalls were inevitably less versed in trial activity and likely to bring greater diversity in

terms of individual practice. Problems with nursing recruitment and retention were also fre-

quently identified. Many units were dependent on junior nurses or bank and/or agency nurses.

Lack of confidence and/or a preoccupation with basic patient care meant these nurses were

likely to be less engaged in SANDWICH.

Promotes inter-professional working. Across all disciplines of participants, there was

widespread agreement that the trial improved inter-professional working by: broadening the

range of staff involved in sedation and weaning management; outlining key roles to these dif-

ferent staff; and providing a shared language for communication. Of particular importance

was the enhanced role played by bedside nurses. Throughout, the crucial factor identified was

the assignment of specific roles and the shared decision-making through which these roles

could be discharged. Both COMFORT scoring and SBT screening criteria were consistently

discussed as having promoted bedside nurse autonomous practice, as well as their engagement

in meaningful discussion about this practice with colleagues. In most units, the SBT screen

gave bedside nurses a designated role in ventilator weaning for the first time. Bedside nurses

were aware of this greater involvement, as they talked about more senior colleagues actively

seeking out their recommendations for patient care. Throughout, there was a clear sense that

the intervention had enhanced colleagues’ confidence in these recommendations because they

were premised on a shared evidence base.

A similar, but more understated, enhanced confidence amongst senior nursing staff was

apparent. They considered themselves the “drivers”, but not technical implementers, of wean-

ing and saw their assigned SANDWICH role (to commence a patient on a SBT) to have the

potential to become embedded as part of standard unit practice. Such a role was seen as repre-

senting an important advancement of their professional authority. Amongst physiotherapists,

the trial was seen as having facilitated greater involvement for their own team, as they learnt

more about appropriate sedation, and contributed to the formulation of patient weaning

plans. There was universal agreement amongst medical participants that the trial had

enhanced nursing confidence and autonomy of practice, which was viewed as a positive devel-

opment. At times, their reflections were couched in a strategic context of their vision for unit

inter-professional working. At other times, accounts focused on an awareness that this

PLOS ONE Delivery of intervention to liberate children from mechanical intervention

PLOS ONE | https://doi.org/10.1371/journal.pone.0293063 November 27, 2023 10 / 17

https://doi.org/10.1371/journal.pone.0293063


working had improved precisely because they were required to reflect on, and account for,

their clinical decision-making.

Although the positive impact of the SANDWICH trial on inter-professional working was

widely endorsed, several important caveats were articulated. First, the full realisation of nurse

autonomy ultimately depended on its validation by senior, especially medical, colleagues. This

could involve consultant failure to communicate with bedside nurses and/or acceptance or

rejection of information and/or advice given by them. In this context, consultant participants

described differential confidence in nursing staff based on their perceived knowledge and

expertise. At times, senior nurses were described as retaining control of patient care, thereby

limiting the potential for junior colleagues to fully discharge their designated roles. Second,

although experienced nurses could be self-assured and comfortable in their interactions with

senior nursing and medical colleagues, this did not hold true of the profession more generally.

Several bedside nurses commented on their own reticence. Failure on the part of nurses to

question medical colleagues was seen as an impediment to consistency in intervention delivery

in that it could result in the perpetuation of deviation from the protocol. A case in point con-

cerns the recording of reasons for decisions taken regarding failure to perform a SBT when

indicated. Although it was a requirement that doctors explicitly account for such non-perfor-

mance, with bedside nurses being responsible for recording the reasons given, in practice this

did not always happen. Although frustrated, nurses frequently commented that they did not

feel able to press doctors to provide a rationale. More broadly, a culture of bedside nurses not

being involved in any aspect of ventilator weaning could mean they were limited, even

excluded, by others, and limit or exclude themselves, from discharging their trial roles.

Final authority rests with consultant. As foreshadowed in the preceding section, across all

units, participant accounts underscored the final authority of consultants regarding patient

care, and consequent vulnerability of the intervention to their own willingness to adhere to the

protocol, and to support the same adherence by other staff. In some units, the medical team

was described as greatly facilitating unit wide adherence by demonstrating manifest interest

and support. In other units, the opposite was identified, with doctors being described as disin-

terested, even obstructive. In both contexts, as members of staff in positions of final authority,

the approach of consultants was understood to have played an important role in either pro-

moting or impeding the consistency with which a unit adhered to the protocol and delivered

the intervention as intended.

Discussion

Summary of findings

The trial met its primary outcome, achieving a significant (if small) reduction in time to suc-

cessful ventilator liberation. Although the intervention reached a high proportion of patients,

delivery did not always encompass all components that were deemed necessary in progression

towards extubation. This may explain the lack of effect between adherence rates and the pri-

mary outcome. The setting of sedation and ventilator support targets, as well as COMFORT

assessment, achieved high adherence, and were important foundational work for intervention

effectiveness. However, sedation targets could be inadequately explicit and/or focused, so that

assessment did not always result in optimal patient sedation. Furthermore, setting sedation

and ventilator targets did not guarantee that these targets were acted on. The same was appar-

ent in respect of daily SBT screening. Although this component achieved relatively high adher-

ence and successfully moved patients along the weaning pathway, some drop-off was clear

and, again, the passing of a SBT screen did not always ensure the subsequent performance of

an SBT. Completion of SBTs achieved the lowest adherence; non-performance represented a
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detrimental ‘stop’ in patients’ pathway through the intervention and, by extension, progress

towards extubation. Nevertheless, despite variable component adherence rates, the interven-

tion was delivered as a coherent bundle.

The process evaluation enabled a nuanced understanding of multiple, overlapping pro-

cesses, operating at the individual, unit and wider institutional level, involved in the delivery of

the intervention. Importantly, the evidence provides insight into these processes in respect of

each of the intervention components. It also highlights the countervailing nature of their col-

lective working to moderate intervention delivery as theorised in our logic model.

Implications of the evidence for trial theory

An extensive body of research demonstrates the benefits of staff training in promoting effective

delivery of novel ICU interventions [13, 20–24]. Relevant knowledge and skills, familiarity

with the intervention, and ‘buy-in’ to its aims and purpose can all be enabled. The SAND-

WICH experience upholds the value of training in these respects. It also provides additional

insight concerning the most appropriate form and means of delivery. Given the tendency for

the online component to be experienced as ‘distant’ from everyday practice, training that pro-

motes felt immediacy is suggested, including opportunities to address issues arising. Relevant

efforts could include, for example, the incorporation of training within unit working routines,

including those at the patient bedside [25].

Our theory prioritised intervention ease and flexibility of use, an approach consistent with

the ICU literature showing the benefits of ready integration within unit routines [13, 22, 26,

27]. Following Hawe and colleagues [28, 29] Gessell et al. [30] distinguish between the ‘form’

and ‘function’ of an intervention. While the form may be adapted to the local context, the

integrity of the function must be maintained. In the case of SANDWICH, although the strate-

gic flexibility of the intervention facilitated its accommodation into unit routines of care, on

occasions it may also have worked to delay progress towards extubation. This is particularly

the case regarding the absence of time-bound instructions concerning the execution of SBTs,

and follow-up action where relevant. Providing a more structured approach in terms of the

pace at which SBTs should be completed, as well as how quickly successful SBTs should be fol-

lowed by extubation, may have helped in this regard.

Development of the theory underpinning our intervention was based on an ICU specific

evidence base [13], meaning that it was tailored to processes already shown as relevant to that

environment. Tailoring of interventions to specific settings and target groups has been shown

to be effective [31], although the latter Cochrane review showed the effect is variable and tends

to be small to moderate. In this context, the SANDWICH trial suggests the need for a careful

balance between tailoring and the imperative for change. In some respects, it was precisely

because of the intervention’s flexibility that departure from anticipated delivery occurred.

The evidence largely supports our theoretical assumptions concerning how the intervention

would work to encourage proactivity in weaning. Even where intervention deviations

occurred, still the units were operating with a bundle of components, meaning that, even

incrementally, an overall imperative towards weaning was sustained. Our evidence aligns with

other work on the effectiveness of multifaceted ICU interventions [32–34]. That deficits in

ward round planning were more likely in respect of patients approaching readiness for extuba-

tion, and that it could be subordinated to other patient care requirements, suggests a de-priori-

tisation of weaning within a hierarchy of patient care. An important countervailing force was

the intervention’s creation of an underlying positive momentum, whereby the issue of weaning

became more embedded in staff thinking, so that they were more likely to attend to relevant

issues even if this did not happen precisely according to intervention guidance.
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As anticipated, the intervention worked to promote inter-disciplinary collaboration.

Although the challenges inherent in inter-professional working in ICU have been documented

[35, 36], our evidence shows that collaboration was not only possible, but also contributed sig-

nificantly to intervention delivery. Bedside nurses were key to patient weaning progress, not

only in terms of sedation management and performance of SBT screens, but also in liaising

with senior colleagues at crucial junctures of a patient’s pathway through the intervention.

Here, the provision of a shared multidisciplinary language was pivotal; staff could talk to one

another and make decisions in ways that made sense collectively. The potential for inter-pro-

fessional collaboration in improving patient weaning aligns with the benefits for patient care

identified by other evidence from intensive care [37–39]. The process evaluation demonstrated

bedside nurses’ willingness and technical competence to assume an enhanced role in patient

ventilator weaning. This enhanced role was central to a team-based approach that reduced

duration of IMV.

In terms of consistency of weaning related care (both sedation and weaning management),

the evidence concerning our theoretical assumptions is more ambivalent. The protocol did

work to improve consistency of care. Two examples are bedside nurses’ use of lighter patient

sedation, and doctors’ uptake of a more dynamic approach to lowering ventilator settings.

However, the impetus to adhere to established practice also meant that bedside nurses contin-

ued to over-sedate, and doctors continued to wean ‘down’ to lower support. The challenges

inherent in changing established practice within ICUs are well documented [22, 26, 40–45]. A

narrower set of COMFORT scores may have encouraged more optimal sedation by nurses.

The protocol accommodated the complexity of clinical decision-making; it is the case that con-

sultant adherence increased over time as its effectiveness was demonstrated. A particularly

intractable issue impacting consistency of care was availability of medical staff to undertake

relevant tasks. In line with evidence of the benefits to be accrued from greater involvement of

other suitably trained clinical staff in intensive care [46–48], our evidence upholds the value of

ANPs and physiotherapists in mitigating the absence of medical cover.

Study strengths and limitations

We followed recommended guidance and tailored the process evaluation to the trial, the inter-

vention and the outcomes studied [49]. A major strength of the study was that we collected

qualitative and quantitative data, which enabled the triangulation of findings [4]. Analysis was

therefore enhanced by being able to consider the evidence collectively, exploring relationships

between the different sets of data. Further, qualitative data were collected from all units,

encompassing the views and experiences of all professional groupings involved in weaning.

We used a convenience sample of interview participants, drawn from staff available on the

days of site data collection. Staff availability on the day meant that we were unable to ensure

inclusion of all relevant staff. In addition, staff were selected by the unit research teams, mean-

ing that selection bias may be present, and we cannot comment on staff who declined partici-

pation or their reasons for so doing. Despite these limitations, there was strong consistency in

the views and experiences across all units, boosting our confidence in the validity of the

findings.

The MRC Guidance on the conduct of process evaluations recommends the use of theory

as a means of testing and refinement [1]. We developed an evidence-based theoretical frame-

work specific to our intervention. Using the classification set out by McIntyre et al. (2020)

[50] we therefore developed a program theory; such theories are considered useful in terms

of being testable but lack generalisability. Combining the process evaluation and trial adher-

ence data allowed us to critically interrogate our theory in terms of establishing the fit
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between what we hypothesised would be the processes through which the intervention

achieved its effect, and the actual processes involved. Although we found considerable fit, we

also uncovered countervailing processes that mitigated intended delivery. Using this evi-

dence, we have endeavoured to offer suggestions as to how relevant issues might be

addressed, providing transferable insight into how intervention delivery might be optimised

in similar contexts and settings.

Implications for future research

Future research should examine sustainability of the intervention in participating sites. This

may shed light on the active components that were deemed by clinicians to be the most

effective.

Conclusion

The SANDWICH trial showed a significant, albeit small, reduction in duration of IMV for

children. The process evaluation showed that the intervention’s ease of use and flexibility facili-

tated its adoption. Provision of a common language, designated bedside nursing involvement,

and clear pathways for clinical decision-making collectively worked to expedite extubation. To

further enhance this momentum, findings suggest the benefits of more explicit direction in

decision-making pathways, robustly embedding new practice as part of a collective endeavour

within unit routines, and capitalising on the skills of ANPs and physiotherapists to include a

greater role in patient extubation.
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