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Summary

Background and study aims
Entonox is a 50:50 combination of nitrous oxide and oxygen which may be used to manage pain during colonoscopy. The optimal mode of Entonox administration is unknown. The aim of this study was therefore to compare continuous and as required Entonox use.
Patients and methods

Patients attending for screening colonoscopy at a single centre were randomized to continuous or as required Entonox use. The primary outcome measure was the patient’s overall pain rating at the time of discharge (verbally-administered numerical ratings scale, 0=no pain and 10=extreme pain). Secondary outcome measures included the patients experience of pain during colonoscopy (rated every 2 minutes), side effects and the need for rescue intravenous medications.

Results 

108 patients were randomised and 100 completed the study (46 continuous, 54 as required). The overall pain scores at discharge did not differ between those who used Entonox continuously and as required (mean = 2.4 vs. 3.2, p=0.08). There were also no differences in the experience of pain during colonoscopy (mean = 1.8 vs. 2.2, p=0.28, peak = 4.2 vs. 4.8, p=0.26 and area under curve = 23 vs. 30, p=0.24). Patients with high anxiety had greater overall pain scores (mean = 3.7 vs. 2.4, p=0.03). Light headedness occurred more often with continuous Entonox use (48% vs. 21%, p=0.009). 

Conclusion

In patients attending for screening colonoscopy comfort ratings were similar in those using Entonox continuously and as required but light headedness was more common with continuous use. (NCT identifier: 01865721)

Introduction
Colonoscopy is an important investigation for the assessment of colonic symptoms and for colorectal cancer (CRC) screening. Unfortunately many patients experience pain. Minimising pain is important for humane reasons and also influences patient satisfaction(1) and willingness to undergo a repeat examination.(2) 

Pain during colonoscopy is predominantly caused by stretch of the colonic mesentery which is maximal when loops are present in the shaft of the colonoscope.(3) Pain occurs more commonly in patients with diverticulosis, females, extremes of body mass index and high anxiety levels


(4, 5) ADDIN EN.CITE  but is also influenced by endoscopic technique and the use of medications.(6)
Several medications are available to improve patient experience and tolerance of colonoscopy but patients’ requirements vary widely. Entonox, commonly known as ‘gas and air’, comprises a 50:50 mixture of nitrous oxide and oxygen, which has analgesic and sedative properties. Its mechanism of action is incompletely understood although some of its effects appear to be mediated via the opiate receptor.(7) Entonox is rapidly eliminated and has minimal after effects. Patients may be discharged more rapidly and may return to driving 30 minutes after use.(8) Chronic exposure to nitrous oxide has been associated with side effects including anaemia and reduced fertility.  so it is important that endoscopy rooms are adequately ventilated in order to minimise risk to staff.(9) 

Studies assessing the efficacy of Entonox during colonoscopy report conflicting outcomes with some finding it provides equivalent analgesia to patient-activated propofol,(10) while others report it is no better than placebo.(11) The reasons for these differences are uncertain but the method of administration has varied between studies with some using it ‘as required’ and others ‘continuously’.  Continuous Entonox use may be expected to increase analgesic efficacy as a consequence of a higher blood nitrous oxide concentration and possibly reduced pain sensitisation; a process whereby pain is experienced more intensely following an initial episode due to modulation of pain pathways. We have therefore assessed whether the method of administration for Entonox influences its efficacy.  

Materials and Methods

We performed an open, randomised, parallel group study in patients attending for screening colonoscopy, comparing ‘continuous’ and ‘as required’ Entonox use.

Study population

Patients referred for a screening colonoscopy, following a positive faecal occult blood (FOB) within the South Yorkshire and Bassetlaw hub of the English Bowel Cancer Screening Programme (BCSP), were invited to participate. Colonoscopy examinations were performed at the Northern General Hospital, Sheffield, between January 2013 and April 2014. Patients wishing to use Entonox were considered for inclusion. Patients requesting intravenous sedation or analgesia from the start of the examination, contraindications to Entonox use,(12) previous colonic surgery or a cardiac pacemaker (as this would preclude the use of a magnetic endoscopic imaging (MEI) device) were excluded.

Randomisation

Patients were randomised in a 1:1 ratio to either ‘continuous use’ (CU) or ‘as required use’ (ARU). A medical secretary, with no other involvement in the study, used the website www.random.org to generate a randomisation sequence for each colonoscopist. These were stored in opaque sealed envelopes. After confirmation of consent, envelopes were opened to reveal the method of Entonox use. 

Study protocol
Entonox was administered via a mouthpiece regulator activated by inhalation. Patients randomised to CU were asked to inhale Entonox with each breath for 1 minute prior to and during colonoscope insertion. Patients allocated to as ARU were asked to inhale Entonox if they experienced discomfort or pain. Endoscopist also prompted use of Entonox if peaks of pain were anticipated.   
Colonoscopy examinations were performed by three experienced BCSP accredited colonoscopists using Olympus CF-260 colonoscopes with an MEI device. All patients were given intravenous hyoscine butylbromide immediately prior to colonoscopy. Patients who were in pain, despite the use of Entonox® and endoscopic manoeuvres to reduce pain, were offered alternative analgesia and/or sedation. 

The patient’s age, gender and body mass index (BMI) were recorded and patients were asked to complete a Hospital Anxiety and Depression Scale prior to colonoscopy (HADS)(13). Patients had their oxygen saturations monitored during colonoscopy but did not receive supplemental oxygen unless given rescue intravenous medications.

Evaluation of pain severity
Patients rated pain on a 10 point verbally administered numerical rating scale (VA-NRS). We opted to use a VA-NRS rather than a visual analogue scales (VAS) since in previous studies we have found a pencil and paper to be impractical during colonoscopy. VA-NRS are reported to correlate highly with VAS in the assessment of acute pain (r=0.94).(14) 

The wording of questions was standardised. Prior to colonoscopy patients were asked: 

‘Between 0 and 10, with 0 being no pain and 10 being extreme pain, what is your current level of pain?’
‘Between 0 and 10, with 0 being no pain and 10 being extreme pain, how painful do you think the colonoscopy will be?’
Every 2 minutes during the examination patients were asked:

‘Between 0 and 10, with 0 being no pain and 10 being extreme pain, on average how much pain have you had over the last 2 minutes?’
Immediately prior to discharge and 1-3 days following colonoscopy patients rated pain, overall satisfaction and willingness to undergo a repeat examination:

‘Between 0 and 10, with 0 being no pain and 10 being extreme pain, on average how much pain did you have during the colonoscopy?’
‘Overall, between 0 and 10, with 0 being not satisfied at all and 10 being completely satisfied, how satisfied are you with your colonoscopy’
‘Between 0 and 10, with 0 being not willing at all and 10 being completely willing, how willing would you be to have a repeat procedure?’
The endoscopist and SSP independently rated the overall level of pain (0 = no pain to 10 = extreme pain) immediately following colonoscopy and the endoscopist also rated the technical difficulty of the examination (0=very easy to 10 = extremely difficult).
The SSP also rated patient comfort on the 5 point Modified Gloucester Comfort Scale (MGCS) which is used as standard in the English BCSP (Table 1).

Assessment of side effects

Following colonoscopy patients were asked if they experienced: nausea, headache, light headedness or dizziness, dry mouth or paraesthesiae. The clinician rated whether the patient had shown signs of dysphoria. The severity of side effects was assessed according to whether the patient stopped Entonox use. Adverse physiological changes, including episodes of oxygen de-saturation (SaO2 <90%), hypotension, (blood pressure <90/50 mmHg) and bradycardia (pulse<50) were noted.
Study endpoints

The primary endpoint was the patient’s overall pain rating prior to discharge. Secondary outcome measures included: the mean, peak and sum of all (area under curve) pain ratings during colonoscopy, patient satisfaction, willingness to undergo a repeat examination, side effects and need for additional medications. Procedural timings were also noted as well as gender, anxiety level and whether the patient had undergone a previous examination. 

Power calculation and statistical analysis

With a power (1-β) of 80% and a significance level of 5%, we determined that 198 patients were required to detect a 1 point difference on the 10 point numerical ratings scale, in keeping with the Entonox study by Forbes et al.(15) This assumed a standard deviation of 2.5, as reported in a previous study which assessed comfort during colonoscopy on a NRS.(5) An interim analysis was planned after 100 patients to assess the futility of further recruitment based on whether there were clinically significant differences between the two groups (1 point on the 10 point pain rating scale).

Baseline and procedural characteristics were summarised. Continuous and categorical data were compared using a two-tailed t test and chi-squared test respectively. Correlations were assessed using Spearman’s correlation coefficient and interpreted as very high (+/-0.9-1.0), high (+/- 0.7-0.9), moderate (+/- 0.5-0.7), low (+/- 0.3-0.5) and no/negligible (+/-0-0.3).(16) The agreement between observers was assessed using the intra-class correlation coefficient (ICC) and interpreted as poor (0-0.29), fair (0.3-0.49), moderate (0.5-0.69), strong (0.7-0.79) and almost perfect (>0.8). A two-tailed p value of <0.05 was considered statistically significant. Statistical analysis was performed using SPSS version 20 (IBM Corp).
Study approval

The study protocol was approved by the local Research Ethics Committee and the Medicines and Health Regulatory Authority (EudraCT number 2012-003342-33 and CTA number 21304/0244/001-0001). The study was performed in compliance with the International Conference on Harmonisation of Good Clinical Practice standards. Written informed consent was obtained for all patients and the trial was registered on clinicaltrials.gov (NCT 01865721)

Results

159 patients were screened, 51 were excluded, 8 were withdrawn after randomisation and the outcomes of 100 remaining patients were analysed (figure 1). Seven of the eight patients that were withdrawn had a Colorectal Cancer, due to which further questions regarding pain were felt inappropriate. The remaining patient was withdrawn as she was unable to activate the administration of Entonox. The study ceased recruitment following the interim futility analysis of 100 patients pain ratings prior to discharge, which revealed that there were no clinically significant differences between the two groups (<1 point on a 10 point scale). The interim analysis was pre-specified on the REC IRAS form.
The demographics and endoscopic findings were similar in both groups (table 1). The caecal intubation rate was 98% with both strategies and the mean (SD) intubation time were also comparable (CU 12.0 (8.7) min vs. ARU 10.4(6.4) min, p=0.31).
15/54(27.7%) patients in the ARU group did not use Entonox at all while 4/46(8.7%) patients in the CU group reverted to ARU due to side effects. 

Pain ratings

There was no statistical or clinically significant differences between the pain ratings of patients randomised to continuous and as required Entonox use at the time of discharge (2.4 vs. 3.2(2.1), p=0.08). There were also no significant differences in the mean, peak or area under curve of the pain ratings during colonoscopy (table 2). At most time points during colonoscope insertion the pain ratings were lower with continuous use although this only reached significance between 10- 12 minutes (figure 2).

Patients with a HADS score ≥8 anticipated higher levels of pain (mean (SD) = 5.4 vs. 3.8, p=0.02). Patients with a HADS score of ≥8 reported higher pain ratings than those with a score <8 during colonoscopy (mean score (SD) = 2.8 (2.2) vs. 1.6 (1.7), p=0.03, peak score = 5.9 (2.5) vs. 4.1 (2.9), p=0.02), and at the time of discharge (mean score (SD) = 3.7 (2.3) vs 2.4 (2.1), p=0.03). Patients with a HADS score ≥8 were also rated as having more pain by the endoscopists (mean (SD) 3.9 (2.1) vs 2.6 (1.8), p=0.01) and the SSP (mean (SD) 3.8 (2.4) vs 2.3 (1.7), p=0.007). 
Patients with a HADS score <8 who were randomised to CU rather than ARU reported lower overall pain ratings (mean (SD) 1.7 (1.9) vs. 2.9 (2.2), p=0.03) but this was not the case in those with a HADS score ≥8 (Mean (SD) = 4.0 (2.5) vs. 3.3 (2.0), p=0.54 - figure 3). Patients with a HADS <8 who were randomised to ARU were less likely to use Entonox although this fell short of statistical significance (64% vs. 100%, p=0.06).
The overall pain score was similar in males and females at the time of discharge (Mean (SD) = 2.6 (2.1) vs. 3.4 (2.3), p=0.11) and during colonoscopy (mean (SD) =1.9 (1.7) vs. 2.3 (2.1), p=0.36) although there was a trend towards higher peak pain ratings in females (mean (SD) = 5.4 (2.9) vs. 4.2 (2.8), p=0.07). Overall pain scores were similar in patients with and without diverticulosis and in those who had a previous colonoscopy examination and those who had not. 
Correlations

There was a very high correlation between the patients overall pain rating prior to discharge and their rating 1-3 days later (r=0.96). There was also a high correlation between the patients overall pain rating prior to discharge and their mean rating (r=0.90), peak rating (r=0.86) and the AUC (r=0.83) while there was a moderate correlation with the pain rating during retroversion (r=0.54).

There was no significant correlation between the patients overall pain rating prior to discharge and the patients anticipated level of pain (r=0.12) or their baseline level of pain (r=0.19).  There was also no significant correlation between patients overall pain rating and their satisfaction (r=0.28) but there was a low correlation with their willingness to undergo a repeat examination (r=0.40). 

The technical difficulty of colonoscopy did not correlate with the patients overall pain ratings (r=0.27) or that of the SSPs (r=0.28). However, there was an association between the endoscopists rating of technical difficulty and the endoscopists overall pain rating (r=0.38).  

Agreement between observers

Using the VA-NRS there was almost perfect agreement between the patients and the SSPs and endoscopists overall pain, with ICCs of 0.86 (95% CI 0.79-0.91, p<0.0001) and 0.88 (95% CI 0.82-0.92, p<0.0001) respectively. There were lower levels of agreement between the comfort ratings using the MGCS and the nurses (ICC=0.69, 95% CI 0.53-0.79, p<0.0001), endoscopists (ICC=0.66, 95% CI 0.50-0.77, p<0.0001) and patients (ICC=0.58, 95% CI 0.38-0.72, p<0.0001) overall pain rating on the VA-NRS.
The proportion of patients given rescue intravenous medication (fentanyl +/- midazolam) did not differ between treatment strategies (CU 4/46 vs. ARU 3/54, p=0.54).  Light headedness occurred more frequently in the as required group but there were no significant differences in other side effects (table 3).
4 of 46 patients who were randomised to CU reverted to ARU due to side effects. 3 stopped due to light headedness and 1 due to dysphoria. 3 of 54 patients in the ARU group also stopped Entonox use due to side effects; 2 due to light headedness and 1 because of a dry mouth.

2 patients who used Entonox continuously transiently dropped their blood oxygen saturations below 90%. 1 patient who used Entonox as required had a transient episode of hypotension (systolic <90mmhg). No Serious Adverse Events occurred during this study. There was no difference in the mean (SD) time to discharge between CU and ARU (41(17) min vs. 40(15) min, p=0.9).

Overall patient satisfaction was high with both CU and ARU (mean (SD) = 9.9 (0.4) vs. 9.7 (0.9), p=0.23) as was willingness to undergo a repeat examination (mean (SD) = 9.2 (2.1) vs. 9.7 (1.0), p=0.09).

Discussion

Entonox is one of a range of medications that may be used to manage pain during colonoscopy. It has advantages compared to intravenous medications associated with its rapid elimination, such that patients are fit for discharge sooner and able to drive 30 minutes after use. The efficacy of Entonox, however, is not well defined and there are conflicting outcomes between studies.


(10, 11) ADDIN EN.CITE  The reason for this is unclear but the method of Entonox administration has varied between studies.  Some have instructed patients to use it continuously and others as required.  Use in routine practice is also variable but it is most often used as required.(9) Obstetric studies have reported an advantage to continuous Entonox use, but there have been no equivalent studies during colonoscopy. The dosing schedule of intravenous agents during colonoscopy has also been reported to influence their efficacy, with ‘routine’ rather than ‘on demand’ dosing being more effective.(17) 

In the present study we found that the method of Entonox administration made no significant difference to the overall pain ratings. However, continuous use was associated with a trend towards lower pain ratings at many time points during colonoscope insertion. These differences may reflect a better analgesic effect of continuous use, although it should be noted that significant differences were only present for brief periods in those with prolonged insertion times. Given that differences were only identified on subgroup analysis, which are inherently susceptible to bias,(18) it is perhaps unsurprising that there were no differences in the overall pain ratings (0.8). Since the difference fell short of what was predetermined to be clinically significant (1.0 on a 10 point scale) recruitment was terminated following a futility analysis. The lack of an overall difference may reflect the endoscopists giving appropriate prompts for as required use, since peaks of pain are often predictable and usually coincide with the formation and resolution of colonoscope loops.(3)  Alternatively, the act of inhaling Entonox, which is common to both groups, may distract patients, adding to the placebo effect and minimising differences between the groups.(19)  

Patients with higher anxiety levels reported higher pain levels regardless of the mode of administration of Entonox. Many studies have reported that patients with an increased anxiety level experience more pain during colonoscopy.


(4, 5) ADDIN EN.CITE  Identifying patients who are most likely to report significant amounts of pain, with simple tools such as the HADS scale, would allow more potent medications to be targeted on those who need it most. 

Continuous Entonox use was also found to be superior in the patients with low anxiety ratings (mean score 1.6 vs. 2.7, p=0.03). The reason why a difference was limited to patients with low anxiety levels is not clear. It may be that the higher pain ratings in those with high anxiety levels prompted proportionately more Entonox use which reduced any potential difference between continuous use and as required use. Conversely, the lower pain ratings seen in patients with low anxiety levels may not have been of sufficient magnitude to trigger Entonox use, even though it may have been of value.

It is worth noting that over a quarter of the patients randomised to ARU did not use any Entonox and many of the patients who were randomised to as required use only used a small amount of Entonox although the amounts used were not formally measured. In addition, only 7% required rescue intravenous medication, and this did not differ between groups (CU=4 and ARU =3). Previous studies report that 0-26.8% of patients are given intravenous medication after commencing with Entonox alone.
 ADDIN EN.CITE 
(6, 10, 11, 15, 20)
 The reason for the variation between studies is unclear but may relate to differences in case-mix, endoscopic technique or the threshold at which medication is administered. It should be noted that only a minority of the patients screened were excluded due to a preference for intravenous sedation use and therefore our results should remain applicable to a wider screening population.  

Entonox is widely considered to be safe but transient side effects are well described. The frequency of side effects observed in the present study was broadly similar to previous reports of Entonox use.(21) Not surprisingly patients using Entonox continuously were more likely to feel light-headed (48% vs 21%) and only occasionally converted to ‘as required’ use as a consequence. Dysphoria occurred in 3(6.5%) patients who used Entonox continuously but not at all in those randomised to ARU but this difference did not reach statistical significance. There were no significant differences in the other side effects. Over 80% of patients had a dry mouth with both methods of administration, which is perhaps unsurprising as it also occurs in association with the bowel preparation and the administration of hyoscine butylbromide. Hypoxemia occurred in 2 patients, which may appear counterintuitive in a drug which includes 50% oxygen but this is well recognised, rapidly reversible and commonly attributed to the process of diffusion hypoxia.(22) 

Patient satisfaction and willingness to undergo a repeat examination were high in both groups and perhaps surprisingly showed no association with pain ratings. This may be a consequence of factors unrelated to the technical performance of colonoscopy such as good communication, explanation and short waiting times, which are known to influence these outcomes.(23)
The experience of pain is enormously subjective and the global measurement of pain during colonoscopy is difficult due to the large variation in severity over time. The present study however, found a high correlation between patients’ experience and recollection of pain as well as strong agreement between observers. We believe this may be a consequence of repeatedly assessing pain during colonoscopy which may have calibrated the patients overall rating. Although this process may have biased the clinicians’ ratings it is usual practice for colonoscopists to continually monitor and be aware of patient comfort. 

This study has a number has a number of limitations. The patients were asymptomatic and the demographics were limited as recruitment was from the Bowel Cancer Screening Programme. Furthermore, examinations were performed by accredited screening colonoscopists who are expected to be proficient in scope handling and effectively manage colonoscope loops. We chose a limited cohort to minimise confounding co-variables and therefore make treatment differences more apparent although this may limit the extent to which the study results can be generalised. It was also not feasible to blind the patient or study investigators to the method of Entonox administration. Finally, we did not quantify the amount of Entonox used but feel the instructions for Entonox use are representative of routine practice.(24)
This study suggests that differences in the method of Entonox administration in previous studies are unlikely to be a significant factor in explaining their conflicting outcomes. Further studies to clarify the relative effectiveness of Entonox against the other commonly used medications are clearly indicated.

Conclusion

Patients attending for screening colonoscopy had similar comfort ratings whether Entonox was used continuously or as required but light headedness was more common with continuous use. Further studies to define the relative efficacy of Entonox and the intravenous medications used during colonoscopy are clearly indicated.

ACKNOWLEDGEMENTS

We gratefully acknowledge the assistance of all the staff within the South Yorkshire and Bassetlaw BCSP who assisted in the running of this study.

References

1.
Maslekar S, Hughes M, Gardiner A, Monson JR, Duthie GS. Patient satisfaction with lower gastrointestinal endoscopy: doctors, nurse and nonmedical endoscopists. Colorectal Dis. 2010;12(10):1033-8.

2.
Aljebreen AM, Almadi MA, Leung FW. Sedated vs unsedated colonoscopy: a prospective study. World J Gastroenterol. 2014;20(17):5113-8.

3.
Shah SG, Brooker JC, Thapar C, Williams CB, Saunders BP. Patient pain during colonoscopy: an analysis using real-time magnetic endoscope imaging. Endoscopy. 2002;34(6):435-40.

4.
Chung YW, Han DS, Yoo KS, Park CK. Patient factors predictive of pain and difficulty during sedation-free colonoscopy: a prospective study in Korea. Dig Liver Dis. 2007;39(9):872-6.

5.
Elphick DA, Donnelly MT, Smith KS, Riley SA. Factors associated with abdominal discomfort during colonoscopy: a prospective analysis. Eur J Gastroenterol Hepatol. 2009;21(9):1076-82.

6.
Saunders BP, Fukumoto M, Halligan S, Masaki T, Love S, Williams CB. Patient-administered nitrous oxide/oxygen inhalation provides effective sedation and analgesia for colonoscopy. Gastrointest Endosc. 1994;40(4):418-21.

7.
Chapman CR, Benedetti C. Nitrous oxide effects on cerebral evoked potential to pain: partial reversal with a narcotic antagonist. Anesthesiology. 1979;51(2):135-8.

8.
Aboumarzouk OM, Agarwal T, Syed Nong Chek SA, Milewski PJ, Nelson RL. Nitrous oxide for colonoscopy. Cochrane Database Syst Rev. 2011(8):CD008506.

9.
Ball A, Campbell J, Riley S. Nitrous oxide use during colonoscopy: a national survey of English screening colonoscopists. Frontline Gastroenterology2014. p. 254-9.

10.
Maslekar S, Balaji P, Gardiner A, Culbert B, Monson JRT, Duthie GS. Randomized controlled trial of patient-controlled sedation for colonoscopy: Entonox vs modified patient-maintained target-controlled propofol. Colorectal Disease. 2011;13(1):48-57.

11.
Løberg M, Furholm S, Hoff I, Aabakken L, Hoff G, Bretthauer M. Nitrous oxide for analgesia in colonoscopy without sedation. Gastrointest Endosc. 2011;74(6):1347-53.

12.
Healthcare B. Entonox Medical Gas Data Sheet: Summary of Product Characteristics. 2011.

13.
Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital Anxiety and Depression Scale. An updated literature review. J Psychosom Res. 2002;52(2):69-77.

14.
Bijur PE, Latimer CT, Gallagher EJ. Validation of a verbally administered numerical rating scale of acute pain for use in the emergency department. Acad Emerg Med. 2003;10(4):390-2.

15.
Forbes GM, Collins BJ. Nitrous oxide for colonoscopy: a randomized controlled study. Gastrointest Endosc. 2000;51(3):271-7.

16.
Mukaka M. A guide to appropriate use of Correlation coefficient in medical research. Malawi Med J. 2012;24(3):69-71.

17.
Terruzzi V, Meucci G, Radaelli F, Terreni N, Minoli G. Routine versus "on demand" sedation and analgesia for colonoscopy: a prospective randomized controlled trial. Gastrointest Endosc. 2001;54(2):169-74.

18.
Sun X, Briel M, Busse JW, You JJ, Akl EA, Mejza F, et al. Credibility of claims of subgroup effects in randomised controlled trials: systematic review. BMJ. 2012;344:e1553.

19.
Buhle JT, Stevens BL, Friedman JJ, Wager TD. Distraction and placebo: two separate routes to pain control. Psychol Sci. 2012;23(3):246-53.

20.
Maslekar S, Gardiner A, Hughes M, Culbert B, Duthie GS. Randomized clinical trial of Entonox versus midazolam-fentanyl sedation for colonoscopy. Br J Surg. 2009;96(4):361-8.

21.
Collado V, Nicolas E, Faulks D, Hennequin M. A review of the safety of 50% nitrous oxide/oxygen in conscious sedation. Expert Opin Drug Saf. 2007;6(5):559-71.

22.
Peyton PJ, Chao I, Weinberg L, Robinson GJ, Thompson BR. Nitrous oxide diffusion and the second gas effect on emergence from anesthesia. Anesthesiology. 2011;114(3):596-602.

23.
Sewitch MJ, Gong S, Dube C, Barkun A, Hilsden R, Armstrong D. A literature review of quality in lower gastrointestinal endoscopy from the patient perspective. Can J Gastroenterol. 2011;25(12):681-5.

24.
Ball A, Campbell J, Riley S. Nitrous oxide use during colonoscopy: a national survey of English screening colonoscopists. Frontline Gastroenterol. 2014;5(4):254-259


Figure 1 - Patient flow diagram
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Figure 2 - Mean (95% CI) pain ratings every 2 minutes during colonoscope insertion 
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Figure 3 - Pain ratings in patients with low and high anxiety scores
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	Comfort grade
	Descriptor

	No                  
	resting comfortably throughout

	Minimal
	One or two episodes of mild discomfort, well tolerated

	Mild
	More than two episodes of discomfort, adequately tolerated

	Moderate
	Significant discomfort, experienced several times during the procedure

	Severe
	Extreme discomfort, experienced frequently during the procedure


Table 1 – Modified Gloucester comfort scale

	
	Continuous
	As required
	p value

	Age - mean(SD)
	66.7 (4.1)
	66.5 (4.6)
	0.86

	BMI - mean (SD)
	27.8 (5.2)
	29.0 (6.1)
	0.32

	HADS - mean (SD)
	5.8 (4.5)
	4.5 (3.8)
	0.18

	Anticipated pain - mean (SD)
	4.5 (2.3)
	4.3 (2.0)
	0.57

	Difficulty of examination - mean (SD)*
	5.2 (2.1)
	4.8 (2.1)
	0.38

	Previous colonoscopy - n (%)
	12 (26.1)
	12 (22.2)
	0.65

	Diverticulosis – n (%)
	18 (39.1)
	25 (46.3)
	0.59

	CO2 use
	5 (10.8)
	12 (22.2)
	0.13


Table 2 – Demographic and procedural characteristics.

* (0= Very easy and 10= extremely difficult)

	
	Method of Entonox use
	p value

	
	As required use - mean (SD)
	Continuous use - mean (SD)
	

	Patients’ pain ratings

Mean
Peak
Area under curve

Prior to discharge

1-3 days later*
	2.2 (1.9)

4.8 (2.8)

29.6 (27)

3.2 (2.1)

3.0 (2.0)
	1.8 (1.8)

4.2 (2.9)

22.8 (29)

2.4 (2.2)

2.4(2.3)
	0.28

0.26

0.24

0.08

0.18

	Endoscopists’ ratings
	2.9 (2.0)
	3.0 (1.8)
	0.78

	SSPs’ ratings
	2.7 (2.0)
	2.7 (1.9)
	0.90


Table 3 - Pain ratings with each treatment strategy

*79 of 100 patients were contactable 1-3 days later
	Side effect
	Continuous
	As required*
	OR (95% CI)
	p Value

	Nausea (%)
	3/46 (6.5)
	3/39 (7.7)
	1.2 (0.2-6.2)
	0.83

	Headache (%)
	0/46 (0)
	0/39 (0)
	n/a
	1.0

	Dysphoria (%)
	3/46 (6.5)
	0/39 (0)
	n/a
	0.1

	Light-headedness (%)
	22/46 (47.8)
	8/39 (20.5)
	3.5 (1.3-9.4)
	0.009

	Dry mouth (%)
	39/46 (84.7)
	34/39 (87.2)
	1.1 (0.3-4.3)
	0.75

	Paraesthesia (%)
	3/46 (6.5)
	1/39 (2.6)
	2.7 (0.3-26.6)
	0.39


Table 4: Frequency of side effects with each method of Entonox use

* Only 39 of 51 patients allocated to the as required group used any Entonox.
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