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Sedation practice in six acute hospitals – a snapshot survey

South West Anaesthetic Research Matrix (SWARM)*

South West Peninsula Deanery, Plymouth, UK

Summary
The number of UK hospital patients receiving procedural sedation remains unknown. Our trainee research network

recorded all procedural sedation given over a 48-h period at six acute hospitals in the South West of England. Three

hundred and sixty patients aged between 1 and 96 years old were sedated. Most sedation occurred in endoscopy

units (56.4%), operating theatres (30.3%) and cardiology departments (7.2%). Sedation was administered in 82.8% of

cases by consultants, and in only 5.6% of cases by nurses. The most frequent sedative combination was midazolam

and fentanyl, with median (IQR [range]) doses of 2 (2–3 [1–10]) mg and 50 (50–100 [10–300]) lg used, respectively.

We tested a methodology that could be used in a UK-wide denominator survey to describe sedation practice across

the NHS. A national audit collecting serious adverse outcomes of sedation (severe harm or death) could then identify

hotspots of sedation risk (clinical areas, patient groups, procedures and sedation techniques) where consistent appli-

cation of current and improved standards might reduce harm.
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Introduction
Procedural sedation is used for a range of diagnostic

and therapeutic procedures, to increase comfort and

provide anxiolysis. This is central to contemporary

medicine, and widespread in hospital practice. Use of

anaesthetic drugs, increasing complexity of the proce-

dures performed, and the presence of co-morbidities

all increase the potential for patient harm.

Few reports describe adverse events following seda-

tion, and those that do focus on single procedures such

as gastrointestinal endoscopy [1, 2], or on adverse events

relating to a single drug [3]. In the UK, guidelines from

The Academy of Medical Royal Colleges (AoMRC) [4],

National Institute of Health and Care Excellence (NICE)

[5] and other professional organisations [6–9] set mini-

mum standards for sedation practice, but the true

denominator (the total number of cases of in-hospital

sedation in the UK) is currently unknown.

We undertook a sprint survey of all procedural

sedation administered over two weekdays, throughout

the six acute hospital trusts in the South West Penin-

sula (Cornwall, Devon and Somerset), using the South

West Anaesthetic Research Matrix (SWARM) network.

We aimed to characterise current local practice of in-

hospital sedation, and define relevant clinical areas,

patient groups, procedures, personnel and sedation

techniques. This approach may identify hotspots,

where consistent application of current and improved

standards could reduce patient risk and harm. The

survey establishes a candidate methodology, and pro-

vides pilot data to aid the future development of a for-

mal national audit of sedation.
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Methods
We conducted a prospective survey simultaneously at

six hospitals over a 2-day period (Tuesday 10 to

Thursday 12 December 2013). Every episode of proce-

dural sedation was recorded. We aimed to collect basic

demographic data, site, time of day, operator grade,

drugs and doses. No attempt was made to measure

clinical outcomes.

All age groups in all areas of the hospital were eligi-

ble for inclusion; the key element was that sedation was

being given to facilitate a procedure. Accordingly, oral

sedation to assist sleep, the management of delirium/

dementia/confusion with sedative drugs, labour analge-

sia (for example, self-administered nitrous oxide), seda-

tion to facilitate life support in the intensive care unit

(ICU) and premedication before a general anaesthetic

were excluded.

SWARM is a trainee-led anaesthetic and intensive

care audit and research collaborative linking the six hos-

pitals that comprise the South West Peninsula Deanery

(since renamed Peninsula Postgraduate Medical Educa-

tion). Founded in 2012, SWARM has a membership of

over 112 anaesthetic doctors (67% of the trainees in the

school). Projects are led by a central steering team, and

data collection and sharing is co-ordinated by a local

lead at each participating centre, mentored by an experi-

enced consultant. Communication is via Basecamp (see

www.basecamp.com), a private, secure, web-based

collaborative research environment based on project

management software.

Discussion with the Research Governance Depart-

ment at Plymouth Hospitals confirmed that this pro-

ject was regarded as service evaluation. Local leads

then registered the survey as such with clinical audit

departments at each centre.

Trust sedation leads at each site were consulted for

advice on local policies, and to assist with engagement

from clinicians working in locations outside theatre. We

were aware that a survey conducted by anaesthetists in

such areas was potentially sensitive; all departments

were therefore contacted in advance by letter and in per-

son to explain SWARM and to outline the intention of

our survey, and posters were put up to reinforce the

information. To facilitate planning, departmental nurse

managers and clinicians were interviewed to gather

information about particular days on which regular pro-

cedural lists ran.

Locations where sedation might take place were

identified by pharmacists, clinicians and nurses. In

particular, to estimate the personnel required to collect

data at each site, hospital pharmacy records were scru-

tinised to identify clinical areas where sedative medica-

tions and antidotes had been dispensed in the

6 months before the audit. Nineteen SWARM anaes-

thetic trainees across the region collected data, assisted

by a total of 54 medical students who had recently

completed mid-semester examinations, and were free

from clinical commitments.

A 24-h pilot survey was successfully completed in

one hospital, and lessons learnt were disseminated via

Basecamp to local leads at other centres. Ambiguities in

the case record form were resolved by group consensus

before commencement of the survey. The survey was

then carried out over a 48-h period starting at 08.00 on

the Tuesday morning. Operating theatre sessions, such

as endoscopy and cardiac catheterisation, had a high

turnover of elective cases. Data collectors for these spe-

cialties remained within the departments to ensure all

episodes of sedation were recorded. To capture the

emergency/unexpected episodes of sedation (such as

those in the emergency department, outpatient clinics,

or on the wards), data collectors were each allocated a

small number of clinical areas to monitor throughout

the day. These areas were visited frequently, to record

any episodes of sedation that had taken place. More fre-

quent visits were made to the emergency department,

because of the high turnover of patients.

To capture out-of-hours episodes, the hospital at

night team and medical, emergency department and

anaesthetic middle-grade trainees were contacted at

the beginning of their shift, and requested to keep a

list of procedures meeting eligibility criteria. Data on

such episodes were then captured retrospectively from

notes and charts.

Data were captured on a paper case record form

under a unique identifier number, to pseudo-anony-

mise patient identity. Forms were kept at each site in a

locked filing cabinet. No information was col-

lected about patient outcome. With the agreement

of Plymouth Hospitals Research & Development
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Department, data were entered onto a secure file shar-

ing website (see www.esurv.org) using the unique iden-

tifier to maintain confidentiality.

Results
Over 2 days in December 2013, 360 patients received

procedural sedation across the six hospitals. The large

number of data collectors enabled good coverage of all

the hospital departments, and ensured an excellent cap-

ture rate during normal working hours. Out-of-hours

staff reported no sedation given overnight. We are aware

of only two eligible patients who were not included in

the survey, owing to objections from a single consultant

sedationist. The survey was otherwise well received.

Fourteen cases where data were recorded were excluded

from analysis: seven premedication was given in the

emergency department or on a ward, before transfer to

another area for a radiological investigation or proce-

dure; four involved benzodiazepines given in the emer-

gency department to terminate seizures; two involved

colonoscopies when Entonox was administered as the

sole sedative agent; and one involved intravenous anal-

gesia to relieve acute back pain.

The principal users of sedation were anaesthetists,

cardiologists and clinician endoscopists (Table 1).

Operators were predominantly consultants, although

other medical grades (staff doctors or specialist

trainees in years 3–7) and nurse specialists were

identified.

The majority of sedation episodes occurred in

endoscopy suites, operating theatres and cardiac

catheter laboratories (Table 2). Only one episode of

sedation occurred on the surgical wards. This was

for the insertion of a urinary catheter, which was

deemed to be urgently required. No procedural seda-

tion was recorded on the paediatric wards or medi-

cal wards.

Timing throughout the day was divided into the

morning (08.00–12.59): 183 (50.8%) patients; the after-

noon (13.00–17.59): 165 (45.8%) patients; and the

evening (18.00–22.59): 12 (3.3%) patients. All sedation

after 18.00 occurred in operating theatres with an

anaesthetist present. There were no cases of sedation

recorded overnight (23.00–07.59).

The age of the patient was recorded in 342 (95%)

cases and ranged from 1 to 96 years old (Fig. 1), with

a median age of 67. Weight was documented in 213

(59.2%) cases, with a median weight of 75 kg (range

12–152 kg).

A variety of agents and doses (total and dose

indexed to body weight) were used (Table 3). Midazo-

lam was the most prevalent intravenous hypnotic. On

138 (50%) occasions in which midazolam was used, it

was co-administered with fentanyl.

Propofol was used on 99 (93.4%) occasions by an-

aesthetists, and seven (6.6%) times by others (four

ICU consultants, one cardiology consultant, one other

consultant and one emergency department trainee).

Fentanyl was the principal analgesic used. The

dose was recorded for 170 patients and unknown in
Table 1 Clinical background and seniority of the most
senior clinician present and deemed to be the respon-
sible sedationist. Values are number (proportion).

Specialty Grade

Anaesthetist 109 (29.7)% Consultant 298 (82.8)%

Surgical endoscopist 106 (29.4)% Staff doctor 28 (7.8)%

Medical endoscopist

(including radiology)

97 (26.9)% Nurse

specialist

20 (5.6)%

Cardiologist 26 (7.2)% ST3-7 14 (3.9)%

Gynaecology/

fertility clinic

6 (1.7)% CT1-2 0

ICU/cardiac ICU 6 (1.7)% FY1-2 0

Interventional

radiologist

5 (1.4)%

Emergency medicine 4 (1.1)%

Other 1 (0.3)%

ST3-7, specialist trainee years 3–7; CT1-2, core trainee years
1–2; FY1-2, foundation years 1–2.

Table 2 Number of patients who received sedation in
each clinical area. Values are number (proportion).

Location of sedation

Endoscopy 203 (56.4)%
Theatre 109 (30.3)%
Cardiac catheterisation laboratory 26 (7.2)%
Fertility clinic 6 (1.7)%
Radiology 5 (1.4)%
Intensive care unit 5 (1.4)%
Emergency department 4 (1.1)%
Cardiac intensive care unit 1 (0.3)%
Surgical ward 1 (0.3)%
Medical ward 0
Paediatric ward 0
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Figure 1 Age distribution of 342 patients receiving in-hospital sedation.

Table 3 Use of hypnotics and analgesics for procedural sedation across the region. Values are number (proportion)
or median (IQR [range]).

Sedative agent Dose Weight-adjusted dose*

Midazolam; mg 274 (76.1)% 2 (2–3 [1–10]) 0.03 (0.02–0.04 [0.01–0.18]) mg.kg�1

Fentanyl; lg 171 (47.5)% 50 (50–100 [10–300]) 0.75 (0.54–1.08 [0.26–4.38]) lg.kg�1

Propofol; mg 106 (29.4)% 110 (30–350 [10–900]) 2.53 (1.01–5.69 [0.22–9.79]) mg.kg�1

Pethidine; mg 21 (5.8)% 37.5 (25–50 [25–50]) 0.41 (0.32–0.60 [0.27–0.67]) mg.kg�1

Diazepam; mg 18 (5)% 5 (2.5–7.5 [2.5–10]) 0.05 (0.03–0.08 [0.02–0.11]) mg.kg�1

Ketamine; mg 11 (3.1)% 30 (15–40 [10–60]) 0.46 (0.22–0.54 [0.18–1.20]) mg.kg�1

Alfentanil; lg 16 (4.4)% 300 (250–500 [200–3000]) 4.39 lg.kg�1

Morphine; mg 2 (0.6)% 2.5
Remifentanil 2 (0.6)%
Diamorphine; mg 1 (0.3)% 5 52 lg.kg�1

*Dose per kg was calculated for those patients whose weight and drug dose were recorded.
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Figure 2 (a) Distribution of intravenous midazolam doses given to 274 patients. (b) Distribution of intravenous fen-
tanyl doses given to 170 patients.
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one patient. Frequency distributions of midazolam and

fentanyl doses are shown in Fig. 2.

All of the diazepam used for sedation was given by

cardiologists in centres throughout the region. Proce-

dures included pacemaker insertion and coronary angio-

grams. In only one of these cases was fentanyl (50 lg)

co-administered. No other speciality used diazepam.

Usage of drugs for each centre is shown in Fig. 3.

In Site 2, the only hospital where fentanyl was not the

most frequently used analgesic, there were only 25

procedures, of which 23 were endoscopic. Endoscopists

there favoured a combination of pethidine and

midazolam.

Many patients were given more than one sedative

in combination, with the overall average calculated at

1.66 agents per patient. Diversity was noted between

sites in the choice of agents for various procedures.

The range of procedures undertaken and drug combi-

nations used are shown in Table 4.

Five of the six sites had current local sedation

guidelines; two were based on AoMRC [4], American

Society of Anesthesiologists (ASA) [10] and National

Patient Safety Agency (NPSA) [3] guidelines, and two

others incorporated AoMRC [4], ASA [10], Royal Col-

lege of Radiologists (RCoR) [7] and NAP4 [11] guide-

lines. Two of these hospitals also had separate

paediatric sedation protocols based on NICE guidelines

[5]. The fifth hospital’s guideline did not cite any

national consensus documents. We could not find evi-

dence of a guideline for the sixth hospital.

Further to these, several hospital departments had

separate sedation protocols for individual units, that

differed from the generic sedation guideline. One cen-

tre had a specific cardiology sedation protocol based

on AoMRC [4] and RCoR [7] guidelines, one had an

endoscopy protocol based on AoMRC [4] and British

Society of Gastroenterology [8] guidelines, and another

had a separate protocol for the emergency department.

Discussion
Three hundred and sixty patients across six sites

received procedural sedation over a period of two

weekdays. This multicentre, prospective survey, rea-

lised through the deployment of networked anaesthetic

registrars and medical students, demonstrates that

sedation practice can be audited in acute trusts. In

doing so, we have developed and tested a methodology

that could be used to give an estimate of the total

number of sedation episodes taking place across the

NHS as a whole. By extrapolation from this survey,

approximately 9270 patients are given procedural seda-

tion every weekday in NHS hospitals. A similar snap-

shot survey carried out in the 309 NHS hospitals in

the UK could confirm the accuracy of the estimate.

The survey is in some respects encouraging, as it

appears to demonstrate safe out-of-hours sedation,

generally within an operating theatre, and very little

procedural sedation on wards, except in urgent situa-

tions. The vast majority of sedation was done with a

consultant present. Practice was consistent across five
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sites, and drugs were limited to a small set, predomi-

nantly midazolam, fentanyl and propofol. Unsurpris-

ingly, anaesthetists used a range of further agents,

including remifentanil, alfentanil and target-

controlled infusions of propofol. However, we did

observe some inter-site differences in ‘standard’ drugs

used; endoscopists predominantly used a combination

of midazolam and fentanyl, apart from in one centre

where the opioid of choice was pethidine.

Interestingly, we found that diazepam was the sed-

ative of choice in the cardiac catheter laboratory across

four centres, usually as the sole agent. These variances

are somewhat surprising in the face of national con-

sensus guidelines for sedation, but are consistent with

our finding that most hospitals in the survey had sev-

eral sedation guidelines and protocols.

The survey has several limitations. It is our belief

that the survey had a capture rate close to 100%. We

know of only two ‘missed’ cases. Clinical areas where

sedation might be given were identified from phar-

macy records before the survey, but we cannot be cer-

tain that all eligible episodes were included.

A large number of data collectors (73) were

required for comprehensive coverage of the six acute

hospitals in the region. Given the logistical difficulties,

the survey was limited to 48 h, and weekends were not

included. Private hospitals, clinics, dental practices and

general practice premises in the region were beyond

Table 4 Diversity of procedures undertaken with sedation, the location within the hospitals and the number of
patients who received different combination of sedative agents. Values are drug combinations and number, and num-
ber (proportion).

Procedure Location Drugs used

Lower GI endoscopy Endoscopy MF 78, MA 6, MP 11, P 1, F 1, M 12 109 (30.3)%
Upper GI endoscopy/ERCP Endoscopy MF 22, MA 6, MP 2, PF 1, PFM 2, M 37 70 (19.4)%
Lower limb surgery (orthopaedics/
plastics/vascular)

Theatre PMF 6, MF 6, P 19, PR 1, PK 3, PM 9, MK 5, PFK 1, M 3, PF 2 55 (15.3)%

Ophthalmic surgery Theatre MF 5, P 8, M 2, PF 1, PM 1 17 (4.7)%
Colonoscopy and OGD Endoscopy MF 7, MP 6, M 2, F 1 16 (4.4)%
Angiogram/angioplasty Cath lab D 14, MMo 1 15 (4.2)%
Upper limb surgery (orthopaedics/
plastics/vascular)

Theatre MF 5, MPF 1, P 2, PF 6, K 1 15 (4.2)%

Nerve root/trigger point
injections, radiofrequency ablation

Pain theatre P 7, PM 2, PMF 1 10 (2.8)%

Pacemaker/ICD implant Cath lab M 2, MMo 2, D 3, MPF 1, DF 1 9 (2.5)%
Bronchoscopy Endoscopy M 5, MF 1 6 (1.7)%
Gynaecology procedures Clinic MF 5, MA 1 6 (1.7)%
Gynaecology procedures Theatre P 1, M 1, PA 1, PF 1 4 (1.1)%
MUA joint ED K 1, M 1, MF 1, PF 1 4 (1.1)%
Dental extraction Theatre MF 3 3 (0.8)%
IR procedure Radiology M 2, MF 1 3 (0.8)%
Tracheostomy insertion ICU PA 1, PF 1, R 1 3 (0.8)%
Inguinal hernia repair Theatre P 1, PF 1 2 (0.6)%
Renal denervation Radiology MF 1, MA 1 2 (0.6)%
Thoracoscopic procedures Endoscopy P 1, MF 1 2 (0.6)%
Transoesophageal echocardiogram Cath lab M 2 2 (0.6)%
Urinary catheter insertion Surgical ward MF 1 1 (0.3)%
DC cardioversion ICU P 1 1 (0.3)%
Insertion of CVC Theatre M 1 1 (0.3)%
OGD Cardiac ICU MPF 1 1 (0.3)%
Excision of skin cancer Theatre MF 1 1 (0.3)%
OGD Theatre MA 1 1 (0.3)%
OGD ICU PM 1 1 (0.3)%

GI, gastrointestinal; M, midazolam; F, fentanyl; A, alfentanil; P, propofol; ERCP, endoscopic retrograde cholangiopancreatography;
R, remifentanil; K, ketamine; OGD, oesophageal-gastro-duodenoscopy; Cath lab, cardiac catheterisation laboratory; D, diazepam;
Mo, morphine; ICD, implantable cardioverter-defibrillator; MUA, manipulation under anaesthesia; IR, interventional radiology;
CVC, central venous catheter.
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the scope of the project, and it is conceivable that

sedation practice varies widely across these settings.

Case record forms were intentionally concise and

simplified to facilitate data collection. The employment

of medical students to collect data extended the reach

of the survey, but their relatively junior status may

have contributed to some of the missing data.

No outcome data were captured, and therefore no

associations can be sought between sedation practice

and clinical results. We did not record what monitor-

ing was employed, or whether supplementary oxygen

was provided. Furthermore, we did not record co-

morbidities or make an airway assessment, which may

have identified higher-risk patients. Patients’ sex was

not recorded, and their weight was often not captured.

Drug pharmacokinetics and pharmacodynamics are

affected by these and other factors, and we cannot

therefore speculate as to whether regimens and doses

employed were safe.

Embase, Pubmed and Medline databases were

searched from inception to 1 February 2014. To our

knowledge, there have been no previous multicentre,

prospective, sprint surveys that examine procedural

sedation including all patient groups and across all

hospital subspecialities.

Patient safety is an absolute priority for the NHS.

This is a proof of concept survey to show that the

SWARM model, a trainee-led network, provides a

workable methodology to capture information related

to sedation, and to identify clinical areas to target in

future. Knowledge of the true denominator across the

NHS would provide a measure of the scale of sedation

practice, and which clinical areas to target with educa-

tion about safe sedation. This has the potential to

reduce serious harm.

Several key themes would have to be addressed.

Firstly, consensus guidelines specify that the person

administering sedation should have the sole role of

monitoring the patient, and should not be the same

person who performs the procedure [4]. A repeat

survey should record compliance with this guidance.

The AoMRC national sedation guidelines [4] also

make recommendations about competence-based

training. We demonstrated a range of sedation opera-

tors from consultants to specialist trainees and nurse

specialists, but total staffing numbers, training and

competencies were not recorded. A future survey

might assess the adequacy of such training and inves-

tigate systematic differences in staffing levels and

skills between units.

Secondly, a comprehensive survey should include

safety data, in particular the peri-procedural monitor-

ing, and dose and duration of supplementary oxygen.

Thirdly, recording of co-morbidities and consistent

reporting of body mass index might help identify at-

risk subgroups.

Finally, outcome measurement was considered by

us to be controversial, but would be the logical next

step to work out the incidence of sedation-related

adverse effects.

Importantly, effective NHS measures including

Quality and Outcomes Framework, Commissioning for

Quality and Innovation and Quality, Innovation, Pro-

ductivity and Prevention have not been applied to

sedation. There is scope for the attention of clinicians,

their managers and commissioners to be focused by

definitive national high-quality data, to change practice

and improve patient outcomes and safety. Previous

National Audit Projects [11, 12] run by the Royal Col-

lege of Anaesthetists have measured relevant activity

(i.e. the denominator) over a short time period. A

national study of sedation could use the model pre-

sented here to capture (e.g. for 1-2 days) the total

number of episodes of sedation across selected individ-

ual hospitals. This is not a trivial undertaking, but the

success of the NAP projects demonstrates that this is

achievable within the UK. A subsequent national pro-

ject collecting index events over a year (serious adverse

outcomes of sedation, i.e. severe harm or death, unan-

ticipated ICU admissions plus Cardiac Arrest Team or

Outreach Team calls) could then identify hotspots of

sedation risk – clinical areas, patient groups, proce-

dures and sedation techniques – where consistent

application of current and improved standards could

reduce patient risk and harm.
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