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                     Oxygen is the most commonly used drug in the acute hospital 
setting. Oxygen can be lifesaving but there is increasing 
evidence that it can cause harm if it is not given correctly. 
Prescription of oxygen, according to target saturations, has 
been advocated since 2008 but compliance remains at low 
levels. This paper describes a novel approach to improve 
oxygen prescription and titration in three acute hospital trusts 
using a colour-coded silicone wristband. The project ran for 3 
months and covered more than 2,000 emergency admissions 
to hospital. Data was collected for oxygen prescription and 
titration rates for 270 patients during the project period. The 
wristbands showed an improvement in prescription and titra-
tion of oxygen in two out of three sites. The results support a 
wider controlled study of colour-coded wristbands to improve 
oxygen safety in secondary care.   
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              Optimising prescription and titration of oxygen for adult 
inpatients using novel silicone wristbands: results of a pilot 
project at three centres  

  Introduction 

 Oxygen is the most commonly used drug in the acute hospital 
setting. The 2013 UK oxygen audit organised by the British 
Thoracic Society  1   showed that 13.8% of the 45,000 inpatients 
audited in acute hospital beds were on oxygen. However, only 52% 
of those receiving oxygen had a formal oxygen prescription with 
defined target oxygen saturations despite recommendations made 
by the National Patient Safety Agency in 2009 2  that all patients 
receiving oxygen therapy should have a prescription in place. 

 Supplemental oxygen can save lives; however, inappropriate 
oxygen administration has been shown to have adverse 
outcomes. Hyperoxia is linked to increased mortality in stroke 
patients,  3   intensive care and survivors of cardiac arrest.  4   There 
is also evidence of increased long-term myocardial damage if 
uncontrolled oxygen therapy is administered during acute ST 
elevation myocardial infarction.  5   

 One of the patient groups most at risk from excess oxygen 
therapy is those patients experiencing an acute exacerbation of 
chronic obstructive pulmonary disease (COPD). Controlled 
oxygen in the pre-hospital management of acute exacerbations 
of COPD is associated with reduced mortality and length of 
stay compared with patients who did not receive oxygen.  6   The 
2015 British Thoracic Society COPD care bundle project showed 
that receipt of the oxygen component of the bundle, including 
prescription, on hospital admission was associated with 80% 
lower inpatient mortality and reduced length of stay.  7   However, 
the national COPD audit in 2014  8   showed that only 55% of 
patients admitted with acute exacerbation of COPD had oxygen 
prescribed, demonstrating the need for improvement in this area. 

 In 2013, a quality improvement project was performed on the 
acute respiratory wards at the Royal Derby Hospital to assess 
whether the introduction of coloured silicone wristbands to 
indicate the patient’s target oxygen saturations, could improve 
compliance with British Thoracic Society oxygen guidelines.  9   
This project took place from August to October 2013 with 
education provided to the staff followed by the introduction 
of the wristbands. The project demonstrated improved 
prescription of oxygen (with target saturations) from 85% 
in 2012 to 95% in 2013. There was also an improvement in 
patients having oxygen saturations within the prescribed target 
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range from 78% in 2012 to 85% in 2013. Contemporaneous 
staff surveys demonstrated a 50% increase in awareness of the 
importance of careful oxygen titration and patient feedback 
demonstrated the acceptability and comfort of the wristbands, 
and that patients were reassured by them. 

 For such an intervention to be relevant on a wider scale in the 
UK, it was imperative to assess its effectiveness in different acute 
hospital settings. The project was therefore assessed in three acute 
hospitals across the East Midlands, all with different working 
practices. By improving the prescription of target saturations and 
titration of oxygen within the acute hospital setting, the aim was 
to reduce incidents of oxygen toxicity and thereby have a positive 
impact on morbidity, mortality and length of stay, all of which 
have potential cost saving implications.  

  Methods 

 There were three acute hospital settings involved in the project: 

  1      Respiratory Medicine Department, Nottingham City 
Hospital Campus, Nottingham University Hospitals NHS 
Trust – receives secondary and tertiary referrals, usually 
through an assessment unit, but also direct transfers cross-
site to respiratory wards, and part of the two-site Nottingham 
University Hospitals NHS Trust.  

  2      Glenfield Hospital, Leicester – a tertiary centre and part of 
the two-site University Hospitals of Leicester NHS Trust.  

  3      Respiratory wards at King’s Mill Hospital, Mansfield – 
primary site of the Sherwood Forest NHS Foundation Trust.    

 The quality improvement project ran for 16 weeks, supported 
by the East Midlands Respiratory Programme and funded 
by a 2014 East Midlands Academic Health Science Network 
innovation award. Ethics approval and informal consent was 
not required as this project was run as a quality improvement 
project. However, a risk assessment was carried out at each 
site and the project approved by the relevant local governance 
committees. A key governance issue raised was potential 
overlap of the colours proposed with existing bands at each 
of the hospitals involved. Following discussions with local 
governance committees, the colour choice of the wristbands 
was agreed across the three sites (Fig  1 ). Methods for data 
collection on adverse events were also agreed.  

 Training was provided to all staff across all three trusts during 
the month before the project commenced in the form of a 
centrally designed presentation outlining the project and the 
reasons for carrying it out, and the roles of the ward staff while 
the project was running (Fig  2 ). Reminder posters were placed 
on trolleys and in other areas where the project was running. 
An oxygen champion was identified to support the project in 
each area. 

 The project ran from 13 April to 31 July 2015. All patients 
admitted within the specified areas participating in this project 
within these trusts had oxygen prescribed according to target 
saturations as per current British Thoracic Society guidelines, 
and were given the appropriate coloured wristband. Leicester 
Glenfield and Nottingham City Hospital campus used the 
wristbands from the point of admission on the admission 
units within the trust site; King’s Mill Hospital applied the 
wristbands for all admissions transferred to the respiratory 
wards. The doctor was responsible for prescribing oxygen and 
target saturations on admission; the nurse then applied the 
appropriate wristband at the first drug round or during triage 
(Glenfield) (Fig  3 ).   

 Over the 16 weeks, three assessments were conducted, each 
over 4 days: 

  1     start of project, before training (March 2015)  
  2     midpoint (mid-June 2015)  
  3     final (end of July 2015).    

 Assessment was based on the British Thoracic Society oxygen 
audit.  1   Outcome measures were judged to have been met based 
on written documentation in medical and nursing notes and 
electronic observations (Box  1 ).  

 In addition, COPD mortality and length of stay from 
monthly hospital episode statistics (HES) data was collected 
for COPD inpatients. Where available (Nottingham and King’s 
Mill Hospital) the percentage of arterial blood gases taken 
where pO 2 >13kPa was recorded weekly as an indicator of over 
oxygenation and collected in an automated manner from the 
blood gas machines in two out of three hospital sites. Staff 
surveys were designed by the project team and were conducted 
at the end of the 16 weeks. At discharge, patients were asked 
to give feedback according to a structured short feedback 
questionnaire.  

  Results 

 In excess of 2,000 emergency admissions passed though the 
project areas during the 16-week period. All sites carried out 
the assessments before, at the midpoint and the end of the trial 
period within a 4-day period of each other. Oxygen prescription 
and titration data was collected for 270 patients across the 
three sites. There was an improvement in the percentage of 
patients with an oxygen prescription at Glenfield (98% at 
the end versus 64% before) and King’s Mill (94% at the end 
versus 76% before). Conversely, Nottingham did not show an 
improvement in oxygen prescription (69% at the end versus 
74% before). Of those who had an oxygen prescription in place, 
there was an improvement in the proportion of patients within 
the target range at Glenfield (98% at end verses 61% before) 
and King’s Mill (94% at end versus 52% before). There was no 
improvement in patients within the target range at Nottingham 
City Hospital (22% at end versus 41% before) (Table  1 ).  

 Fig 1.       Colour-coded silicone wristbands . Pink = target oxygen saturation of 

94–98%; grey = target oxygen saturation of 88–92%.  
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 Arterial blood gas results were only available from two sites 
(Nottingham City Hospital and King’s Mill Hospital) and there 
was no reduction in pO 2  seen. 

 The patient survey was completed by 192 patients across the 
three sites with a largely positive response to the intervention. 
The staff survey was completed by 186 members of staff across 
healthcare professional grades and roles. Of the members of 
staff who completed the survey, 86% felt the wristbands added 

at least some benefit and 46% felt it helped significantly. HES 
data for length of stay and crude mortality was collected for 
1,077 coded admissions with acute exacerbations of COPD. The 
data was for all admissions and not confined to those within 
the project areas. There was no significant change in either 
mortality or length of stay during the 16-week project period.  

  Discussion 

 The results of this quality improvement project are in broad 
agreement with the pilot project, and show that the use of 
colour-coded oxygen saturation wristbands is effective at 
improving the safe prescription of oxygen to inpatients. The 
project resulted in an increase in the proportion of patients 
with oxygen prescribed and the time the patient spent in the 
target saturation range. 

 The wristbands used have several benefits over other methods 
of documentation in that they are clearly visible to all, likely to 
remain with the patients at all times, easily understandable by 
all members of the team and are comfortable for the patients 
to wear – an important issue for compliance. Many patients 
continued to wear their wristbands post discharge potentially 
conferring benefit on subsequent admissions and in the pre-
hospital setting. The wristbands are also low cost (13p per band). 

 Tuner  et al  showed correct use of oxygen was associated 
with a reduced length of stay in those admitted with acute 
exacerbations of COPD.  7   Admissions for acute exacerbations 

Box 1. Outcome measures

> Number of patients receiving oxygen (denominator).

> Number of patients with oxygen prescription (numerator).

> Number of patients within the target saturations (numerator).

> Percentage of arterial blood gas sampling where pO2>13 kPa.

> Mortality and length of stay for COPD (HES data).

Additional subjective elements:

>  Patient survey assessing understanding, improvement in 

knowledge, comfort and reassurance.

>  Staff survey assessing the response of each member of the 

ward team as to whether they felt the intervention helped to 

manage patient oxygen usage.

COPD = chronic obstructive pulmonary disease; HES = hospital episode 

statistics.

 Fig 2.       Quality improvement 
project timeline.         

Weeks 1–4
  clinical teams outside study area.

• Iden�fica�on of oxygen champions at each site.
• Opportunis�c use of 20 min standardised training presensa�on to staff.
• Email to inform senior medical staff, physiotherapy staff and other

Week 4

• Ini�al spot audit.
• Champions deliver wristbands to ward areas.
• Promo�onal material displayed in study areas,
• Pa�ent and staff surveys delivered.

Weeks 5–20

• Midpoint spot audit at week 14.
• Champions support project with feedback to staff on ini�al spot audits,
  reminder emails, ad hoc training if requested and by encouraging and 
  suppor�ng project when in ward area.

Week 21

• Final spot audit performed.
• Pa�ent and staff surveys collected.
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of COPD continue to rise and place a significant burden on 
healthcare resources.  8   Improving oxygen use could reduce the 
costs associated with patient admission. 

 This project highlights that site-specific implementation of 
wristbands is important for improving outcomes and success. 
The project was implemented with strong championing from 
middle grade and senior medical staff at all three sites. While all 
sites showed improvements in patient and staff understanding, 
only two out of the three sites showed improvements in oxygen 
prescription and titration rates; Glenfield Hospital and King’s Mill 
Hospital. At Glenfield Hospital all patients, including intersite 
transfers, pass though the cardiorespiratory admissions unit. At 
King’s Mill Hospital, the project ran on the respiratory wards only. 

 Nottingham City Hospital campus ran the project on all five 
of its respiratory wards, including the respiratory admissions 
ward. However, at this pilot stage, the project was not extended 
to the general medical receiving units at the Queen’s Medical 
Centre campus. In contrast to Leicester, intersite transfers of 
respiratory patients from Queen’s Medical Centre campus 
do not pass through the respiratory admissions ward at 
Nottingham City Hospital campus but transfer directly to the 
respiratory base wards. Interestingly, a differential effect was 
seen whereby 100% compliance with oxygen prescribing was 
seen on the respiratory admissions ward, but this compliance 
was substantially lower on the respiratory base wards (data not 
shown) suggesting that the reduction in compliance was due to 

 Table 1.      Audit of oxygen prescription across the three assessment periods.  

 Nottingham Glenfield King’s Mill 

 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 

 Patients receiving oxygen, n=270 35 25 32 36 44 40 25 16 17

 Patients with oxygen prescription, n=220 (%) 26 (74) 18 (72) 22 (69) 23 (64) 43 (98) 39 (98) 19 (76) 14 (88) 16 (94)

 Patients with prescription of 94–98% 9 6 5 10 21 19 8 6 4

 Patients with prescription of 88–92% 15 10 14 9 21 20 9 5 8

 Patients with other prescription 0 3 4

 Patients in prescribed target saturation range 

n=176 (%) 

14 (40) 10 (40) 7 (22) 22 (61) 43 (98) 39 (98) 13 (52) 12 (75) 16 (94)

 Fig 3.      Process of wristband 
allocation. ABG = arterial blood 

gases; COPD = chronic obstructive 

pulmonary disease; pCO 2  = partial 

pressure of carbon dioxide; SpO 2  = 

oxygen saturation.  

SpO₂≤92% on room air or 
requiring supplementary oxygen 
to maintain SpO₂

Pa�ent arrives in unit

Observa�ons performed

ABG performed

pCO₂<6.0 and no history of
COPD/risk of type 2
respiratory failure

pCO₂≥6.0 or COPD/risk of 
type 2 respiratory failure

as 94−98% as 88−92%

Grey wristbandPink wristband

Pink wristband

as 94−98%

SpO₂≥94% on room air

If oxygen requirement 
increases, repeat ABG 
and assessment

Target satura�on prescribed

Target satura�on prescribed Target satura�on prescribed
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the receipt of patients from medical receiving wards that were 
not included in the pilot project. This suggests that inclusion of 
all medical receiving units may have resulted in a more positive 
outcome and, importantly, that inclusion of those units would 
be required for a wider roll out to be successful. 

 It is important to acknowledge other limitations of the 
project. The project involved training for staff, developing 
oxygen champions and promotion alongside the wristbands. It 
is not possible to say how much of the improvement seen was 
due to the educational package and champions and how much 
was due to the wristbands themselves. It would be important 
to consider this when designing future studies, developing 
control arms to examine this. 

 Not all of the information requested was available from all 
three of the centres. Only two of the three sites were able to 
provide arterial blood gas data for logistical reasons. Secondly, 
the blood gas values do not specify at what stage in a patient’s 
admission these were taken and therefore their significance in 
relation to this project is limited; for example, an at the door 
test would reflect inappropriate oxygen delivery prior to the 
wristband being applied and would therefore not be affected by 
the intervention. If some of the high oxygen levels are indeed 
through pre-hospital oxygen delivery, it would be interesting 
to see the longer term impact of the wristbands on prehospital 
oxygen delivery, since some patients reported that they intended 
to continue wearing their wristbands after discharge. However, 
it is important to note that a significant number of patients had 
pO 2 >13 kPa on two sites where data were available, suggesting 
some degree of oxygen toxicity within the acute hospital setting. 

 Mortality and length of stay data did not show any changes 
during the implementation of the wristbands at any of the three 
sites. It is important to note the project’s primary aim was to 
improve process measures. Outcome measures were collected to 
reassure us that there were no detrimental effects to this group 
of patients (acute exacerbation of COPD) where inappropriate 
oxygen treatment carries a high risk of harm.  6   

 It is also necessary to consider the comments of staff involved 
in implementing the trial. For example, oxygen wristbands 
are not a substitute for prescription of oxygen as a drug on 
the medications chart and clear documentation of target 
saturations. However, they do provide a continually visual 
reminder to all members of the multidisciplinary team of the 
need for appropriate oxygen delivery for each individual patient. 

 This project concentrated on respiratory wards and acute 
cardiorespiratory admission units. The project showed 
improvement in prescription during a defined project period. 
There is a bigger challenge to maintain the change outside of 
a project period and outside of the respiratory specialty areas. 
The initial site to implement the wristbands, Derby Teaching 
Hospitals NHS Foundation Trust, has been able to maintain 
prescription levels of 95%, with more than 90% within the 
target range by continuing to use the wristbands on the 
respiratory wards. In these areas, all patients have both a target 
saturation prescribed and a wristband, regardless of whether 
they are receiving oxygen. However, roll out of the wristbands 
alone, without the ‘prescription for all’ policy, in the emergency 
department and medical assessment areas in this trust have 
not been able to maintain high prescription and titration rates. 
Using a combined approach of prescription and wristband to 

all patients in acute inpatient areas may provide a solution to 
improving the safety of oxygen in secondary acute care but this 
needs to be examined outside respiratory wards and in areas 
where oxygen use is less prevalent and the perceived harm from 
oxygen toxicity is less recognised.  

  Conclusions 

 The project shows that coupled with active oxygen champions, 
oxygen saturation wristbands can improve prescription and 
titration of oxygen in a variety of acute hospital settings. We would 
recommend further roll out of this project to other acute hospitals 
in order to improve oxygen safety in acute care settings.      ■
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