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A B S T R A C T

Background: Early deep sedation in mechanically ventilated patients during the first 48 h of intensive care
unit (ICU) admission can be associated with adverse outcomes. We hypothesised that moving the ‘daily seda-
tion break’ process forwards, might allow earlier titration of sedation to target levels � an ‘early sedation ces-
sation’ (ESC).
Methods: We commenced a quality improvement project with the primary outcome being to stop sedation
completely, within 4 h of ICU admission, in 95% of eligible patients. This was done by small, step-wise tests of
change. No ethical approval was required.
Findings: Between 1 February 2014 and 31 January 2018, 1787 intubated patients were included. 1052
received an ‘ESC’ within 4 h (‘Yes’), 545 were excluded (‘Excluded’), and 190 were inadvertently omitted
from ‘ESC’ (‘No’). The primary aim was achieved for the first time after 12 months. Compared to the ‘Yes’
group, the ‘Excluded’ group received 38% more propofol in the first 48 h of admission (IRR 1.38 (1.31�1.47),
p<0.001), while the ‘No’ group received 32% more (IRR 1.32 (1.22�1.43), p<0.001). At four hours, 19¢6%
(12¢9�27¢9) of the ‘Yes’ group had attained a target RASS of -1, 0 or 1, compared to 13¢6% (8¢0�21¢0) of those
in the ‘No’ group. This proportion increased to 55¢6% (46¢1�64¢9) at 24 h compared with 44¢9% (35¢6�54¢4)
in the ‘No’ group.
Interpretation: Ceasing sedative infusions as soon as possible, is safe and feasible, in both medical and surgical
patients, and can be implemented into ‘real life’with no additional staffing.
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Introduction

Sedative medications, in bolus or infusion form, are used in the
intensive care unit (ICU) to facilitate patient comfort, and manage
agitation and invasive ventilation. Over-sedation is associated with
prolonged periods of mechanical ventilation, longer ICU and hospital
stay, increased incidence of delirium, and increased mortality [1�5].
The level of sedation is important even during the first 48 h, a
period not commonly studied in randomised controlled trials
[3,4,6�10].

The Pain, Agitation/Sedation, Delirium, Immobility, and Sleep Dis-
ruption (PADIS) Guidelines recommend optimising sedative use in
ICU by targeting light or no sedation, and paying close attention to
pain [1]. This practice can only be achieved by frequent assessment of
the patient.

Implementing change into ICU practice can be challenging
[11�13]. With reference to acute respiratory distress syndrome
(ARDS), several years following publication of the landmark low tidal
volume ventilation paper [14], even critical care units involved in the
study, were unable to sustain the same level of reliability over time
with baseline staffing levels [15]. The use of quality improvement
(QI) principles may help to implement targeted sedation protocols
and other practices into real-life [16�18].

In our ICU, a ‘daily sedation break’ takes place during the morning
ward round in all patients, unless they fulfil exclusion criteria. This
has been embedded since 2008 as part of the Scottish Patient Safety
Programme (SPSP) Ventilator Associated Pneumonia (VAP) protec-
tion bundle [19]. We hypothesised that moving this process to an
earlier point in admission, with the aim being to cease sedation as
soon as practical, would facilitate titration of sedative agents to an
optimal target level, well before the first morning ward round.
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Research in Context

Evidence before this study
We carried out a MEDLINE search from 1980 to January 2014

prior to commencing this project, and at six-monthly intervals fol-
lowing this, the last being April 2020. Search terms used were
((critical care) or (ICU)) and ((sedation) or (delirium) or (agitation)).
Studies were included if they involved patients aged 18 and over,
admitted to an ICU and undergoingmechanical ventilation.

Prior to commencing, two prospective cohort studies suggested
an association between early deep sedation and a prolonged time
on a ventilator. A further randomised controlled trial investigated a
protocol of no sedation versus daily interruption of sedation until
awake. The no sedation group spent a shorter time on a ventilator.

During our project, a randomised, parallel group, multi-cen-
tre trial in post-abdominal surgery patients, showed that time
to successful extubation was reduced in those who had both
sedation and opioid infusions discontinued as soon as possible
following admission.

Added value of this study
In this study, we have stopped sedation in a greater number of

patients, at an earlier point in ICU admission than all but one previ-
ous study. We have also included both surgical and medical
patients. A greater proportion of patients who had sedation discon-
tinued within four hours of ICU admission, reached a target seda-
tion score, in a shorter time interval, when compared to those who
were omitted from an ‘early sedation cessation’ (ESC).

Implications of all the available evidence
Our results provide evidence that immediate cessation of

sedation, allows rapid titration of sedation to target levels in
both medical and surgical patients and could be adopted as a
recognised technique to reduce sedative use and improve out-
comes. Further studies should be done to corroborate the evi-
dence we have reported from a quality improvement initiative.
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Methods

Glasgow Royal Infirmary ICU is a 20-bedded adult, medical and
surgical, closed critical care unit in the West of Scotland. Around
1200 patients per year are admitted, of which 40% require mechani-
cal ventilation. A patient to nurse ratio of 1:1 is normal practice for
all ventilated patients in the United Kingdom. Two junior doctors are
resident on call, with two critical care consultants present during the
day, and one available overnight. All patients are assessed twice a
day by physiotherapists for mobilisation, and chest physiotherapy if
required. Ventilator weaning plans are led by medical staff, following
discussion with the nurse looking after each individual patient. Phar-
macy, dietician and microbiology input is available daily.

A multi-disciplinary, quality improvement (QI) programme was
commenced in February 2014 [16]. Along with improving adherence
to a sepsis bundle, medicines reconciliation and early mobilisation,
minimising sedative use was a further target. The primary aim was to
stop sedative infusions completely in 95% of intubated patients,
within four hours of admission to ICU, or four hours of endo-tracheal
intubation, if this occurred following ICU admission. This process was
called an ‘early sedation cessation’ (ESC) to differentiate from the
already embedded ‘daily sedation break’. No additional staff or
research nurses were utilised, and no funding was required.

Patients

All patients admitted to ICU between 1 February 2014 and 31 Jan-
uary 2018, who underwent mechanical ventilation at any point, by
means of an endo-tracheal tube or tracheostomy were included in
data collection. Patients were excluded from an ‘ESC’ if they required
targeted temperature management post-cardiac arrest, infusion of
neuro-muscular blocking agents, suffered from active seizures
despite treatment, had been anaesthetised due to severe agitation,
were difficult to ventilate, required intra-cranial pressure manage-
ment, had an airway issue whereby inadvertent extubation would
have been life-threatening, required imminent transfer, had severe
cardiovascular compromise, or multiple trauma. We followed the
guidance issued by NHS Greater Glasgow and Clyde in 2008 entitled
‘Process for Consideration and Approval of Requests to Conduct Non-
research projects within NHS GG&C’ which confirmed that this qual-
ity improvement work did not require ethical approval.

Procedure

Standard unit sedation practice following endo-tracheal intuba-
tion is an infusion of propofol combined with a morphine infusion (or
alfentanil if renal impairment is present). Benzodiazepines are
reserved for palliative care, treatment of acute alcohol withdrawal, or
difficult to control status epilepticus, but never exclusively for seda-
tion. Sedative agents such as dexmedetomidine and clonidine are
used infrequently and never at the point of admission to ICU.

Routine ‘daily sedation breaks’ take place during the consultant-
led ward round and are an integral and obligatory part of patient
care, embedded within our unit since 2008. The propofol infusion is
suspended in appropriate patients, with sedation level targeted to a
Richmond Agitation and Sedation Scale (RASS) score of �1, 0 or 1
[20]. Should ongoing sedation still be required following a ‘daily
sedation break’, propofol is recommenced at half the previous infu-
sion rate, with repeated titration to target RASS. Opioid infusions are
not stopped at the same time as the sedative infusion, unless a
reduced conscious level persists.

The ‘ESC’ process was carried out in the same way as the ‘daily
sedation break’, except we aimed to perform this within four hours
of admission to ICU (or initial intubation if this was at a later time).
The absence of residual neuro-muscular block was assessed prior to
stopping sedation in any patient who had recently received a bolus of
neuro-muscular blocking agent, usually to facilitate intubation or
transfer to the unit.

Throughout the four year period of data collection, weekly multi-
disciplinary QI meetings allowed presentation of progress, dissemi-
nation of information, teaching sessions, and discussion about small
changes to practice that might improve compliance with the ‘ESC’
protocol [16]. Multiple tests of change were initiated over the four
year period, and we learned by both our successes and mistakes, as
we endeavoured to embed this into standard unit practice.

Outcomes

The primary outcome measure was completion of an ‘ESC’ within
four hours of admission or intubation. This data was collected on a
daily basis by one critical care consultant. Patients were assigned to
one of three groups � ‘Yes’ - ‘ESC’ performed within four hours;
‘Excluded’ - excluded from ‘ESC’ with appropriate reason docu-
mented; ‘No’ - ‘ESC’ inadvertently omitted in a patient who would
have been eligible. The ‘No’ group therefore corresponds closely to
our previous standard unit practice, where sedation would first be
titrated at a ‘daily sedation break’ the day following admission. An
‘ESC’ was deemed to have occurred if the sedative infusion was
completely stopped within the first four hours, irrespective of
whether it required to be recommenced.

Additional data was collected retrospectively from the electronic
care record (Intellispace Critical Care and Anaesthesia, Philips) and
WardWatcher, a national ICU database, with the ‘Yes’ group being
compared against the ‘No’ group. We assessed propofol requirements



2643 not requiring 
endotracheal intubation during 

4451 patients admitted 
between 1 February 2014 and 
31 January 2018
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in the 48 h following admission (or intubation if this occurred at a
later time), corresponding RASS scores with proportion of patients in
each group reaching target RASS, and requirement for any further
sedative agents at any point during ICU admission. Time spent on a
ventilator, length of ICU and hospital stay, and ICU and hospital mor-
tality was also recorded. STROBE Guidelines were adhered to.
admission

6 repatriated with 
tracheostomy in situ but not 
requiring sedation

1808 with endotracheal tube or 
tracheostomy in situ during 
admission

545 excluded from early
sedation break

1787 included in analysis

10 with endotracheal tube in 
situ but not requiring sedation

5 missing admission data
Statistical analysis

All analyses were carried out with R statistical software version
3¢5¢1. A two-sided p value of less than 0¢05 was taken as significant.
Group medians were compared by Kruskal-Wallis or Pearson Chi-
Square tests. Propofol infusion rate with time is illustrated by a
multi-level zero inflated Poisson regression model. Change in RASS
score with time for each group is a non-linear b-spline to model time
across the three groups to enable the modelling of proportions.
Numerical data is presented as incidence rate ratio (95% confidence
interval). In both models, data from patients dying within the first
48 h, was removed prior to the models being built. Both models were
adjusted for the baseline characteristics of age, gender, presence of
endotracheal tube, Glasgow Coma Scale and time. Time spent on a
ventilator, and ICU and hospital length of stay are unadjusted second-
ary analyses.

No funding was required for this quality improvement project.
99 (18·2%) TTM
90 (16·5%) neuro-muscular 
blockade
57(10·5%) active seizures         
55(10·1%) severe 
agitation/violence
50(9·2%) difficult ventilation    
54 (9·9%) ICP management
46 (8·4%) airway issue  
37 (6·8%) imminent 
procedure/transfer
15 (2·7%) cardiovascular 
instability 
14 (2·6%) multiple trauma    
8 (1·5%) unclear                   
20 (3·6%) other

1242 eligible for sedation 
cessation within 4 hours of 
admission

‘YES 
GROUP’

1052 had 
sedation 
cessation 
within 4 hours 
of admission

‘NO 
GROUP’

190 did not 
have 
sedation 
cessation

Fig. 1. Consort diagram. A decision to exclude from an early sedation cessation (‘ESC’) was
taken by the critical care consultant following discussion with bedside nurse and nurse in
charge of the unit. While some patients may have been excluded for several reasons, only
the most relevant was recorded. TTM � targeted temperature management post-cardiac
arrest; Neuro-muscular blockade � includes all patients requiring continued neuro-muscu-
lar blockade for any reason, mostly during treatment for acute respiratory distress syn-
drome (ARDS); Active seizures � an admission diagnosis of seizures did not preclude ‘ESC’,
as long as seizures had been treated and there was no evidence of continued seizure activ-
ity; Severe agitation/violence � only excluded if this was the reason for intubation and
cause of agitation was unlikely to be resolved within four hours; Difficult ventilation �
Results

4451 patients were admitted to the ICU between 1 February 2014
and 31 January 2018. 1808 (40¢6%) had an endo-tracheal tube or tra-
cheostomy in situ. After excluding some patients repatriated to the
hospital with a tracheostomy, and a small number with an endo-tra-
cheal tube in situ who did not require any sedation, primary outcome
data was available for 1787 patients. 545 (30¢5%) patients were
excluded from ‘ESC’. Of those patients eligible, 1052 (84¢7%) had
sedation stopped within the first four hours (Fig. 1).

Primary outcomes were available for all patients. A small amount
of secondary data was unavailable, but all existing data for these
patients was analysed. Other than Acute Physiology and Chronic
Health Evaluation (APACHE) II score [21], baseline characteristics
were not the same (Table 1). We included the 24 patients in the
‘Excluded’ group transferred out of the unit within the first 48 h of
admission in our analysis, by extrapolating the propofol infusion rate
and RASS score at the time of transfer to the whole 48 hour period.

Primary outcome

Data for the primary outcome measure was available for 1787
patients. Initial baseline data in February 2014 showed that the ‘Yes’
group made up 17¢4% of eligible patients. A greater proportion of the
‘No’ group occurred near the beginning of this project, while the
practice was becoming embedded. The run chart displaying progress
over the four years shows that the 95% aim was achieved for the first
time in month twelve (Fig. 2). Stability was achieved following this
with a median of 91¢2% eligible patients receiving an ‘ESC’ for the
subsequent 37 months. The median proportion of patients excluded
from an ‘ESC’ in the first four hours varied between 24 and 36%. The
most common reason for this was targeted temperature manage-
ment, and continued neuro-muscular blockade. Fig. 2 also illustrates
the tests of change that were implemented during this project, and
timings of other educational initiatives.

There was no difference in the rate of inadvertent extubation
between the groups (p = 0.5) (Table 2). As is normal practice in the
United Kingdom, no mechanical restraint was utilised at any point in
admission, and no additional staff were required, although a 1:1
nurse:patient ratio is normal practice.



Table 1
Baseline characteristics of study group.

Whole cohort (n = 1787) ‘Excluded’ (n = 545) ‘No’ (n = 190) ‘Yes’ (n = 1052) P value

Gender, male 1050 (58�8) 343 (62�9) 116 (61�1) 591 (56�2) 0�032
Age, years 56 (43�67) 51 (36�64) 59 (44�69) 57 (44�69) <0�012
APACHE II 20 (13�26) 20 (13�27) 19 (14�26) 20 (13�27) 0�881
APACHE II risk prediction 31�6 (8�5�59�7) 28�5 (5�6�61�3) 29�0 (12�1�54�4) 32�3 (9�1�59�7) 0�271
Admitted from <0.012

Emergency Department 700 (39�2) 268(49�2) 60(31�6) 372(35�4)
Operating Theatre 429 (24�0) 86 (15�8) 45 (23�7) 298 (28�3)
Ward 328 (18�4) 103 (18�9) 45 (23�7) 180 (17�1)
High Dependency Unit 250 (14�0) 71 (13�0) 34 (17�9) 145 (13�8)
Other Intensive Care Unit 35 (2�0) 8 (1�5) 3 (1�6) 24 (2�3)
Obstetrics 5 (0�2) 1 (0�2) 1 (0�5) 3 (0�3)
Other 40 (2�2) 8 (1�6) 2 (1�0) 30 (2�9)

Type of Surgery * <0�012
Emergency/Urgent 337 (18�9) 67 (12�3) 35 (18�4) 235 (22�4)
Scheduled/Elective 90 (5�0) 18 (3�3) 10 (5�3) 62 (5�9)
No surgery prior to admission 1358 (76�1) 459 (84�4) 145 (76�3) 754 (71�7)

Admitting specialty ** <0�012
General Medicine 805 (45�1) 268 (49�3) 72 (37�9) 465 (44�2)
General Surgery 495 (27�7) 96 (17�7) 57 (30�0) 342 (32�5)
Orthopaedic Surgery 72 (4�0) 24 (4�4) 11 (5�8) 37 (3�5)
Gastroenterology 69 (3�9) 19 (3�5) 14 (7�4) 36 (3�4)
Plastic Surgery 60 (3�4) 23 (4�2) 8 (4�2) 29 (2�8)
Geriatric Medicine 39 (2�2) 8 (1�5) 5 (2�6) 26 (2�5)
Obstetrics 37 (2�1) 10 (1�8) 2 (1�1) 25 (2�4)
Respiratory Medicine 36 (2�0) 11 (2�0) 7 (3�7) 18 (1�7)
Other 173 (9�7) 85 (15�6) 14 (7�4) 74 (7�0)

Intubated prior to ICU admission *** 1314 (73�6) 405 (74�3) 118 (62�1) 791 (75�3) <0�012
Admission Diagnosis ****

Cardiovascular 249 (14�3) 108 (20�8) 15 (8�1)
Gastrointestinal 431 (24�8) 64 (12�3) 51 (27�6) 126 (12�2) <0�012
Metabolic / Renal 25 (1�4) 10 (1�9) 3 (1�6) 316 (30�5)
Neurological 262 (15�1) 106 (20�4) 16 (8�6) 12 (1�2)
Poisoning/toxic/overdose 136 (7�8) 34 (6�6) 11 (5�9) 140 (13�5)
Respiratory 251 (14�4) 67 (12�9) 45 (24�3) 91 (8�8)
Sepsis 207 (11�9) 62 (11�9) 24 (13�0) 139 (13�4)
Trauma (including head injury) 107 (6�1) 46 (8�9) 10 (5�4) 121 (11�7)
Other 72 (4�1) 22 (4�2) 10 (5�4) 51 (4�9)

‘Excluded’ � no early sedation cessation (‘ESC’) carried out as patient fulfilled one of the exclusion criteria; ‘No’ � inadvertently omitted from an ‘ESC’
when one should have been carried out; ‘Yes’ � ‘ESC’ carried out within four hours of admission or intubation.
Data is presented as median (interquartile range) or number (percentage). Any missing data is denoted by an asterisk. * - 2 missing, ** - 1 missing, ***
- 1 missing, **** - 47 missing. Kruskal-Wallis test1, Pearson Chi-Square test2. APACHE II � Acute Physiology and Chronic health Evaluation II, ICU �
intensive care unit.
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Additional data

The histogram in Fig. 3 illustrates the actual propofol infusion rate
with time for each individual patient in the first 48 h following ICU
admission. By four hours, almost 60% of patients in the ‘Yes’ group
did not require any propofol, although 35¢8% did require this to be
recommenced, mostly at a lower rate, at some point in the first 48 h.

A model of the change in propofol requirements with time is
shown in Fig. 4. There was no difference in the propofol requirements
between the ‘No’ and the ‘Yes’ group at time zero as shown by an
incidence rate ratio (IRR) 1¢02 (0¢91�1¢15) p<0¢001. The ‘Excluded’
group received 25% more propofol at time zero than the ‘Yes’ group
(1¢25 (1¢15�1¢37) p<0¢001). During the first 48 h of admission, the
‘No’ group received 32% more propofol than the ‘Yes’ group (IRR 1¢32
(1¢22�1¢43) p<0¢001) while the ‘Excluded’ group received 38% more
than the ‘Yes’ group (IRR 1¢38 (1¢31�1¢47) p<0¢001).

Over the same time frame, the model in Fig. 5 shows the change in
proportion of patients, who attained a target RASS score of �1, 0 or 1.
At four hours (the cut-off for determining if an ESC had taken place),
individual consultant decision, does not include neuromuscular blockade for ARDS; ICP �
intracranial pressure; Airway issue � severe airway or facial swelling, mostly secondary to
burns; Cardiovascular instability � severe hypovolaemic shock; Other � charge nurse and
consultant deemed unit unsafe for ‘ESC’ due to very high workload, other emergencies or
staffing issue.
19¢6% (12¢9�27¢9) of the ‘Yes’ group had attained this target, com-
pared to 13¢6% (8¢0�21¢0) of the ‘No’ group. This proportion
increased to 55¢6% (46¢1�64¢9) by 24 h, compared with 44¢9%
(35¢6�54¢4) in the ‘No’ group.

Unadjusted exploratory secondary analyses show that duration of
mechanical ventilation was lower in the ‘Yes’ group, a median of 31 h
versus 53 h in the ‘No’ group (p<0¢01) (Table 2). 7¢5% of all patients
required reintubation within 48 h of extubation (p = 0.94). The ‘Yes’
group, had a shorter median ICU length of stay of 1¢0 day compared
to the ‘No’ group (p = 0¢02). Median hospital length of stay was almost
3 days shorter in the ‘Yes’ group compared to the ‘No’ group
(p<0¢01). These results have not been adjusted for deaths or other
variables and should be interpreted with caution.
Discussion

This was a single-centre QI project aiming to perform an ‘ESC’
within the first four hours of admission to ICU, in critically unwell,
mechanically ventilated patients. The ‘ESC’ was carried out in the
same manner as the ‘daily sedation break’ [22]. The process was safe
and feasible from the outset, with no additional staffing, no increased
device removal, no use of restraints, and no alternative sedative use.
This has resulted in a decrease in propofol use, with an associated
increased proportion of patients reaching target RASS in a faster
time. There may also be an indication of improvement in time spent



Fig. 2. Run chart illustrating the progress in achieving early sedation cessation (‘ESC’) in 95% of eligible patients within four hours of admission or intubation (if this occurred at a
later time once in ICU). X axis � time (months), Y axis � percentage eligible patients receiving an ‘ESC’. The green boxes show when in the process our unit introduced the critical
care pain observation tool (CPOT) and confusion assessment method-ICU (CAM-ICU). The yellow boxes illustrate some of the ‘tests of change’ that were instituted over time in an
attempt to embed the process into unit practice.

Table 2
Unadjusted secondary analyses for each group.

Whole cohort (n = 1787) ‘Excluded’ (n = 545) ‘No’ (n = 190) ‘Yes’ (n = 1052) P value

Re-intubation within 48 h 134 (7¢5) 42 (7¢7) 15 (7¢9) 77 (7¢3) 0¢942
Tracheostomy in situ at any point during ICU stay 60 (3¢4) 20 (3¢7) 11 (5¢8) 29 (2¢8) 0¢092
Duration of mechanical ventilation (hours) 39 (14�118) 53 (18�137) 53 (18�146) 31 (12�99) <0¢011
Self-extubation in first 48 h 18 (1¢01) 4 (0¢73) 1 (0¢53) 13 (1¢23) 0.502

Unit Outcome <0¢012
Improved 1276 (71¢4) 351 (64¢4) 141 (74.2) 784 (74¢5)
Died 471 (26¢4) 175 (32¢1) 47 (24.7) 249 (23¢7)
No change 26 (1¢5) 13 (2¢4) 0 (0.0) 13 (1¢2)
Worse 14 (0¢8) 6 (1¢1) 2 (1.1) 6 (0¢6)

Unit length of stay (days) 3¢8 (1¢5�9¢3) 3¢7 (1¢6�8¢9) 4.6 (1.9�11.3) 3¢6 (1¢4�8¢9) 0.021

Hospital Outcome, died * 550 (30¢9) 192 (35¢2) 52 (27.4) 306 (29¢2) 0.032

Hospital length of stay (days) 10¢9 (3¢6�26¢0) 7¢7 (2¢7�21¢0) 14.4 (4.3�33.5) 11¢6 (4¢3�26¢9) <0.011

Additional sedative medication at any point during admission
Atypical anti-psychotics 21 (1¢2) 12 (2¢2) 2 (1¢1) 7 (0¢7) 0¢032
Benzodiazepines 310 (17¢3) 101 (18¢5) 44 (23¢2) 165 (15¢7) 0¢032
Clonidine 36 (2¢0) 17 (3¢1) 2 (1¢1) 17 (1¢6) 0¢082
Dexmedetomidine 5 (0¢3) 2 (0¢4) 1 (0¢5) 2 (0¢2) 0¢652
Haloperidol 350 (19¢6) 97 (17¢8) 57 (30¢0) 196 (18¢6) <0¢012

‘Excluded’ � no early sedation cessation (‘ESC’) carried out as patient fulfilled one of the exclusion criteria; ‘No’ � inadvertently omitted from an ‘ESC’ when
one should have been carried out; ‘Yes’ � ‘ESC’ carried out within four hours of admission or intubation. * - 5 missing patients.
Additional sedative medication � patients were included if they received even just one dose of additional sedative medication at any point during their ICU
stay. Only exceptionally rarely was this given in the first 48 h following admission/intubation and never to faciliate an ‘ESC’. Kruskal-Wallis test1, Pearson
Chi-Square test2. Unit and hospital length of stay and duration of mechanical ventilation have not been adjusted for deaths.
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(hours), Y axis (median propofol infusion rate mg/hour). Solid lines � model estimation for propofol infusion rate; Shaded areas � 95% confidence intervals for each group.
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on a ventilator, and ICU and hospital length of stay but this requires
further investigation.

The ‘ESC’ process was implemented at the same time as other
projects. This was purposeful, to provide more opportunities to learn
about QI principles. Unlike other ICU processes, the ‘ESC’ occurs only
once, and at any point in a 24 hour period. Embedding the ‘ESC’ into
unit practice lagged behind other projects like medicines reconcilia-
tion and mobilisation, as these were carried out daily, for every
patient, and at a specific time, therefore were easier to implement.

The weekly QI meetings were crucial in this process. We learned
about QI principles from an expert, presented our data by means of a
run chart, discussed our difficulties and our failures, and provided all



Fig. 5. Beta regression model illustrating the change in proportion of patients in each group who attained a target RASS score of �1, 0 or 1 by time. A nonlinear. b-spline to model
time across all three groups has been used. The model is adjusted for time, sedation break status, age, gender and Glasgow Coma Scale (GCS). Deaths were removed prior to building
this model. Solid lines �model prediction; Triangles/diamonds/squares � actual data percentage points; Shaded areas �model confidence intervals.
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staff with the opportunity to suggest how to improve. While not
working clinically, we took the opportunity to observe how the ICU
admission process works, and to gain feedback from the team
involved.

Education of staff was also important. In addition to our formal QI
meetings, nurse educators disseminated new information and dis-
cussed tests of change, while providing support to nursing staff build-
ing their confidence in a new process. All projects were discussed
daily at the morning medical handover and during new medical staff
ICU induction sessions. Each admission also acted as an additional
educational opportunity. It did not take long for the positive effects
of an ‘ESC’ to be detected by all staff, and as confidence in our ability
to safely carry out the process was boosted, enthusiasm increased
exponentially.

We noticed that patients admitted overnight, especially from the
operating theatre, had an ‘ESC’ omitted more than any other group of
patients. Choosing to stop sedation, and extubate a post-operative
patient overnight was a big change from previous practice. In addi-
tion, a very busy unit, or consecutive admissions, made it more likely
that an ‘ESC’ would be inadvertently omitted. These issues were
resolved over time as the process became embedded within the unit.

Specific changes to our unit admission practice have facilitated
the ‘ESC’. We carry out a hands off admission pause, involving all staff
looking after the patient. This includes an ‘ESC’ decision. This decision
is documented in the electronic patient record, and immediately on a
whiteboard at the head of the bed. First tasks are invasive line place-
ment or other procedures, prior to any written documentation. Pro-
cedures that can be carried out with local anaesthesia do not delay
discontinuation of sedation. Nursing staff organise their working day
to ensure that all patients receiving an ‘ESC’ always have one nurse
immediately by the bedside. A member of medical staff with airway
skills is always present in the unit during an ‘ESC’. These changes
worked for us, but may not be directly transferrable to other critical
care units.

The four hour maximum time scale for discontinuing sedation
was an arbitrary selection, taking into account what we felt we could
realistically achieve, and the point where we felt there might be
some benefit. Organisationally, our aim was to stop sedation as soon
as practically possible, and not wait until the end of the four hour
period. Our RASS target of �1, 0, or 1 was tighter than most previous
studies. We felt that this level of consciousness was required to facili-
tate patient co-operation with early mobilisation.

We have succeeded in stopping sedation at an earlier point in
admission than any randomised controlled trial, other than SOS-Ven-
tilation [7]. This French multi-centre study included 137 mechani-
cally ventilated patients following abdominal surgery. The
intervention group had both sedative and major opioid infusions dis-
continued soon after ICU admission, and showed a significant reduc-
tion in time spent on a ventilator. We have shown that this
immediate approach to sedation titration, can be successfully imple-
mented in the ‘real-world’ and in a much wider patient population of
both medical and surgical patients. Our additional results, although
unadjusted, also suggest a potential reduction in ventilator time.

Unlike SOS-Ventilation, we chose to continue opioids during our
‘ESC’. This corresponded with our ‘daily sedation break’ practice,
which all staff had confidence in carrying out. The trajectory of opioid
use pre- and post-‘ESC’ is currently being analysed in our unit.
Despite opioids continuing, and irrespective of the need for resump-
tion of a propofol infusion, the rapidity of achieving a target RASS
score in our ‘ESC’ group, shows it is possible to rapidly titrate sedation
to a calm, conscious and cooperative patient. It may be that the early
target RASS score is crucial, rather than the method used to achieve
this. 55¢6% of patients in our ‘Yes’ group achieved a RASS target of �1,
0 or 1 within 24 h. This corresponds with Shehabi et al., who achieved
60% by 24 h (although this included a RASS of �2) with the use of
dexmedetomidine as the primary sedative agent [23].

All ICU survivors in our hospital are invited to attend a multi-dis-
ciplinary post-ICU recovery clinic [24]. The staff who run this clinic,
report that many of our patients felt that the periods of time during
which they had no recollection of events were more distressing. Very
few claimed to have felt anxious or in pain when conscious, appreci-
ating being involved and understanding of their care, and being able
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to communicate. These testimonies correspond with evidence sug-
gesting that there is no increased incidence of post-traumatic stress
disorder (PTSD) or other psychological disorders in ICU patients
receiving light or no sedation [25�27],

As this was a quality improvement project, with the aim of
improving care using simple, step-wise changes in practice, we took
a pragmatic approach to reporting our results. While the propofol
and RASS models have been adjusted for deaths and other variables,
we accept that other secondary analyses are unadjusted and require
further investigation. Despite this, we feel there is an indication of
improvement in time spent on a ventilator, and ICU and hospital
length of stay, from the current exploratory data analysis. Our
reported results may also not be directly due to an ‘ESC’ alone. More
likely, achieving an early target RASS has facilitated early mobilisa-
tion, both of which have been reported in the literature as improving
outcomes [28].

We did not report incidence of delirium and pain, since an educa-
tional intervention to improve frequency and accuracy of documen-
tation was required during the period of data collection, prior to us
having confidence in the validity of these values. Confusion Assess-
ment Method for ICU (CAM-ICU) is now recorded three times in a
24 hour period, with RASS scores recorded hourly [29]. Critical Care
Pain Observation Tool (CPOT) scoring was implemented in 2016 and
is now recorded at the same time as RASS scores [30].

The strengths of this study are the large size compared to other
studies assessing early critical care sedation practice [2,7�8,31�32].
Primary outcome data collection was robust, being completed manu-
ally, by the same consultant. We analysed our data by intention to
treat, irrespective of whether propofol was required to be recom-
menced following an ‘ESC’. In addition, patients who just missed the
four hour target for stopping sedation, continued to be analysed in
the ‘No’ group.

It may be that while we have presented our results as an example
of what can be achieved in a typical ICU, this may not be generaliz-
able to all units, particularly those who do not have a 1:1 nurse to
patient ratio. Smaller units with less staffing flexibility may also
struggle. We also accept that within our unit, two colleagues had
expertise in QI principles prior to commencing.

By utilising the principles of QI, we have succeeded in embedding
this intervention into normal unit practice, with very high reliability,
despite significant staff turnover, and maintained these results over
time. The main driver for change behind this has been the enthusi-
asm, hard work and unanimous buy-in from all medical, nursing, and
physiotherapy staff.

Further research should focus on attaining a specified target RASS
score as soon as possible following admission, although this will be
challenging within the constraints of a randomised, controlled trial.
The mechanism by which this occurs, be it stopping sedation and/or
analgesia completely, targeting light sedation by means of sedative
or analgesia boluses or infusions, or a completely different method,
may not be as significant as the endpoint, but should be explored. We
feel that our results provide evidence that the ‘ESC’ process could be
adopted as a recognised technique to reduce sedative use and
improve outcomes.
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