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Abstract 

Aim 

To determine that carbon dioxide (CO2), instead of air, insufflated during 

colonoscopy reduces pain experienced by patients post colonoscopy. 

Method 

A randomised, double blinded, controlled trial with 205 consecutive consented 

patients referred for elective colonoscopy was undertaken at MidCentral Health 

Gastroenterology Department between July 2008 and January 2009. Patients were 

randomised to colonic insufflation with either air or CO2. A comparison of reported 

pain was undertaken using a 0 -10 point numeric rating scale at several time 

periods; intra procedure, 10, 30, and 60 minutes post procedure. 

Results 

The results were analysed using the SPSS programme. CO2 insufflation was used 

in 108 patients and air in 97 patients. Pain scores 10 minutes after were 0.43 ± 

1.20 for CO2 and 1.61 ± 2.40 for air (P < .0001). 30 minutes after the procedure 

90% of patients in the CO2 group reported no pain, compared to 61% of the air 

group. CO2 significantly reduced the amount of discomfort post colonoscopy at 10, 

30 and 60 minutes. 

Conclusion 

Those receiving CO2 during colonoscopy experienced less post colonoscopy pain 

than those who received air insufflation. Carbon dioxide should be considered as 

the insufflating gas during colonoscopy. 
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Chapter One

Background and Orientation to 

The Study 

1.1 Introduction 

A large number of people undergo a diagnostic and/or therapeutic colonoscopy in the 

Gastroenterology Department at MidCentral Health (MCH) every year (1000 in 

2008/2009).  Many patients experience discomfort during a colonoscopy, and in the hours 

following, from air distension as a consequence of the air insufflated during the procedure. 

Intra procedure the use of a short acting sedation (hypnovel) and analgesia (fentanyl) are 

used to manage this pain. After the procedure it is common for the retained air to cause 

distension. For some patients this can result in varying degrees of pain ranging from minor 

pain, some moderate and a few experience strong abdominal pains. Sumanac and his 

colleagues (2002) in their research claim that one hour post colonoscopy 45% of patients 

experience abdominal pain. Although statistics are not readily available at MCH, 

anecdotally pain/discomfort post colonoscopy is common.  The reputation of colonoscopy 

as an uncomfortable and painful procedure is concerning.  Focusing on post colonoscopy 

pain and finding a tool that will relieve this pain safely will be of huge benefit to the patient. 

 

I have worked as a registered nurse in the Gastroenterology/ Endoscopy field since 1990, 

including 4 years in the USA. In the last few years I became interested in the area of 

post colonoscopy pain and observed efforts being made to find a method to reduce 

this pain.  
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Various interventions are used at MCH Gastroenterology Department in an attempt 

to alleviate the effects of air distension and cramping after a colonoscopy. Sedation 

and analgesia intra-procedure is offered, utilising intravenous hypnovel and 

fentanyl, which may have some residual effect on post colonic analgesia. However, 

the discomfort caused by intra colonic gas may extend beyond the period of the 

short acting effect of these two drugs. Nurses in gastroenterology (gastro) will try a 

variety of methods, to facilitate passing of air in patients post-colonoscopy. All 

patients are encouraged to `pass air`, then depending on the success of this and/ 

or complaints of abdominal cramping pain, various positional methods are 

suggested; from lying on their right side, lying prone, get in the reverse 

trendelenberg position, to walking around. Panadol is also offered to patients 

during recovery. Despite various non-pharmacological and pharmacological 

interventions, post-colonoscopy pain is experienced and a concern to both patients 

and nurses.  

 

A literature search using Medline, CINAHL (1980 – 2008) found a limited variety of 

interventions being trialled to relieve this pain. In looking into this area further, it 

seemed that internationally this may be a `forgotten area` of pain management in 

the endoscopy world. According to Steinberg and Howden (1997, p. 444) 

“traditionally endoscopists have sought to provide maximum comfort for patients 

undergoing colonoscopy but may have been less concerned with the level of 

patient discomfort following the procedure.” This response indicates how 

endoscopists, themselves, are highlighting that there is big focus on relieving pain 
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intra-procedure, but that this attention to patients’ comfort needs to continue to 

post- procedure. 

In comparing the variety of post colonoscopy pain relieving interventions used 

anecdotally, or discussed in published literature, it was felt that the use of carbon 

dioxide (CO2) to insufflate the colon held the most promise of a successful method 

to reduce post colonoscopy pain. The advantage of CO2 is that it is rapidly 

absorbed by the colon lumen, enters the venous system, and excreted through the 

lungs (Church & Delaney, 2003). Cotton and Williams (2003) claim that CO2 is 

absorbed 100 times faster than air and thus results in less distension and the 

associated pain. 

 

Internationally there are a slowly growing number of endoscopy units using CO2 

instead of air to insufflate the colon during colonoscopy, which substantially 

reduces the pain experienced post colonoscopy. Despite this method being 

supported by randomised controlled trials (Bretthauer, Thiis-Evensen, et al., 2002; 

Church & Delaney, 2003; Stevenson, Wilson, Wilkinson, Norman, & Goodacre, 

1992; Sumanac, et al., 2002) these researchers note that this method is still slow 

to gain popularity. Prior to this study this method was not yet being used in New 

Zealand. In conjunction with commencing use of a CO2 delivery system, at MCH 

Gastroenterology Department, an investigation in its efficacy in the New Zealand 

setting was proposed by undertaking a randomised controlled trial (RCT). 
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1.2 The Aim of the Study 

The aim of the present study was to determine that carbon dioxide (CO2), instead 

of air, insufflated during colonoscopy reduces pain experienced by patients post 

colonoscopy. The amount of pain post colonoscopy reported by the treatment 

group receiving CO2 will be compared with the control group receiving air. 

 

1.3 The Hypothesis 

The following hypothesis was developed and investigated in this study: 

Those receiving carbon dioxide (CO2) insufflation during colonoscopy will 

experience less post colonoscopy pain than those receiving air insufflation.  

 

1.5 The Significance of the Study 

The incidence of colon cancer in New Zealand is one of the highest in the world 

according to the National Screening Unit (2007). Colonoscopy is the gold standard 

tool for both diagnosis and surveillance of the colon but the demand is outweighing 

the supply.  Patients` referred for colonoscopies are entering a health service 

providing a diagnostic procedure, whose resources are stretched to capacity. 

When the patient does get to the top of the waiting list and undergo a colonoscopy, 

they may experience a painful procedure (intra and post).  

 

Reports of a painful procedure and experience of this pain may negatively impact 

on future presentation. Mayer, et. al. (2001, p. 44) claim that neglected pain will 

erode a patient`s trust in the health provider. Tywcross (2002, p. 705) expands this 
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thought in explaining that “future medical interventions will be anticipated with 

greater anxiety if pain has not been managed effectively in the past.” If all efforts 

are made to reduce colonoscopy pain to a minimum with use of CO2, the patient is 

more likely to present for a procedure if it is known to involve minimal discomfort 

and then more likely to be compliant for future surveillance (Church & Delaney, 

2003). 

 

 Although there is a growing trend internationally to use colonoscopy as a 

screening tool, this was not initially believed to be cost effective in New Zealand 

according to a Ministry of Health (MOH) report (2006).  Nonetheless a report by 

Shaw, Cunningham and Sarfarti (2008)) informed the MOH on the feasibility of a 

screening program. Subsequently in May 2008 the present Minister and Associate 

Minister of Health announced that the Government is committed to setting up a 

bowel cancer screening programme in New Zealand as quickly as possible (2008). 

The screening tool will be faecal occult blood test which if positive will then lead to 

colonoscopy. The impact on the demand for colonoscopy is set to increase 

significantly. However even disregarding screening, a MOH National Screening 

Unit survey of ‘Colonoscopy capacity in New Zealand’ by Yeoman and Parry 

(2005) showed that  the pressure of providing timely diagnosis for symptoms and 

surveillance colonoscopy is straining our Gastroenterology departments. This 

concerning trend is reflected locally at MCH. Finding a method that would not only 

make colonoscopy patients more comfortable, but may also aid the efficiency of 

the Gastroenterology Department would be very pertinent.  
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Undertaking a trial to explore if CO2 significantly reduces post colonoscopy pain 

raises issues implicating Maori people that need to be addressed. The population 

of patients presenting for colonoscopy is predominantly pakeha. Few Maori people 

present for colonoscopy at MCH which suggests issues to be explored. 

Colonoscopy is undertaken predominantly as a diagnostic and surveillance tool for 

colorectal cancer. Maori people, according to the MOH report (2006), have a lower 

incidence of colon cancer than non-Maori. This same report goes on to mention 

that new information is surfacing suggesting that the incidence of colon cancer in 

Maori may actually be higher than initially thought and may equal non-Maori. More 

alarming, Maori mortality rate from colorectal cancer is higher than non-Maori, 

presumably due to late presentation. Also the Maori mortality rate, (in contrast to 

the decrease in mortality rate for non-Maori) increased between1980-1999, 

possibly due to the disparity in access to services (Blakely, Ajwani, & Robson, 

2004). Reducing post colonoscopy pain by using CO2 may encourage colonoscopy 

compliance for diagnosis as well as future return for surveillance. 

 
 
CO2 use in colonoscopy was yet to be recognised and taken seriously in New 

Zealand. A randomised controlled trial of the use of this gas at the commencement 

of its use at MCH, but also in New Zealand, was considered to be of value.  Not 

only would MCH patients’ benefit, but also the outcome from patients in a New 

Zealand setting will have better generalisability to the wider New Zealand 

colonoscopy population and to other endoscopy units. Personal testimony holds a 

lot of strength to influence others. The use of CO2 and a concurrent RCT at the 

outset would be a benchmark and an encouragement to other endoscopy 



  7 
 

departments to consider using this gas and result in more patients in benefiting 

from the reduction of discomfort post colonoscopy.  

 

1.6 Overview of the Study 

Chapter one introduces the background of the trial and its purpose, highlighting the 

aim and the hypothesis. This chapter goes on to discuss the significance of the trial 

in the field of New Zealand Gastroenterology practice. 

 

Chapter two overviews the literature which was explored to establish a greater 

understanding of the surrounding issues, and to provide justification for the 

research. 

 

Chapter three provides a description of the study design and methods. This 

includes an explanation of the preparation steps for the trial and overviews some of 

relevant ethical issues.  

 

Chapter four outlines the results of the statistical analysis. The results are 

discussed in relation to relevant literature in chapter five; followed by a 

presentation of the limitations, implications for current practice and suggestions for 

future research. 

 

Chapter Five concludes with the results. These results are discussed in relation to 

context along with further discussion covering the implications of the findings in 
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practice. The limitations of the trial and recommendations for future research are 

outlined. 

 

 The reference list was compiled using the referencing method of the American 

Psychological Association (1994) and the appendices display some of the 

supporting documents. 

 

1.7 Summary 

Colonoscopy is the gold standard procedure for both diagnosis and surveillance of 

the colon. During the procedure it has been traditional to use air to insufflate the 

colon. There is a slow growing international practice for utilising CO2 to insufflate 

the colon instead, which results in a reduction of pain experienced during recovery. 

This method had not been explored for use in New Zealand.  

 

An experimental design using a randomised controlled double blind clinical trial 

was undertaken to determine the cause and effect relationship and establish if CO2 

insufflation reduces post colonoscopy pain. 

 

This chapter introduced the background to the study, its aim and hypothesis. The 

significance of this research within the New Zealand setting is discussed. Finally an 

overview of the study is outlined, which leads into a literature review that is 

presented in the next chapter. 
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Chapter Two 

Literature Review 

 

2.1 Introduction  

This chapter considers the relevant literature in relation to the use of CO2 

insufflation during colonoscopy to reduce post colonoscopy pain. 

Conceptualisation of this study involved identifying and exploring the current state 

of knowledge around the dependent variable, pain, and then understanding some 

of the independent variables involved.   

 

As reducing peoples` experience of pain post colonoscopy is the overall focus of 

this study, post colonoscopy pain is examined. The type of pain involved is 

reviewed and the factors that influence this pain are considered. The extent of the 

problem is outlined, along with the risks associated with not controlling this pain.  

 

A focus of the literature search was also to explore and critically analyse the 

current state of knowledge on methods available to relieve post colonoscopy pain. 

Five methods were highlighted in the literature search. These are discussed 

concluding with a clear case for the benefits and safety of CO2 use.  A literature 

search using Medline, CINAHL, Cochrane data bases (1984-2009), library 

resources and the Internet were used to access information.   
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2.2 Causes of post-colonoscopy pain 

Visceral pain is the specific type of pain that is commonly experienced following 

colonoscopy, but it needs to be reinforced that this pain originates in the process of 

what happens intra procedure. There are many factors that influence this post 

colonoscopy pain. 

 

2.2.1 Visceral pain 

The colon is a visceral organ which evokes a variety of sensations, viscera being 

the internal organs within the abdominal cavity. Visceral sensations are an every 

day occurrence and vary from non painful sensations like a feeling of fullness to 

the urge to defecate as well as the sensation of pain (Bushnell, Strigo, & Duncan, 

2003).  Al-Chaer (2000) describes the sensations experienced by viscera as 

predominantly limited to  pain and discomfort  compared to the complex and wide 

range of sensations that the skin experiences. Further more visceral pain is 

commonly diffuse and poorly localized (Al-Chaer, 2000; Cervero & Laird, 1999; 

Devine, 2005). 

 

The visceral nociceptors of the colon are not stimulated by normal everyday 

transport of material, air or the peristaltic movement of the colon, but are thought to 

be high threshold receptors. Transduction occurs with stimuli in the noxious range. 

The colon can be cut with minimal pain felt. However in contrast severe pain can 

be experienced with strong contractions, distension or ischaemia (Porth, 2005).  
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Miller and Alpert (2006) describe three causes of visceral pain; tension, 

inflammatory and ischaemic pain. Inflammation of the colon may stimulate a painful 

response and likewise with ischaemia. Visceral C nociceptors will be stimulated 

resulting in pain. Tension pain is commonly described as colic, which results from 

an increase of forceful colon contractions, over and above normal peristalsis. 

Tension pain can also arise from distension of an organ. It is this distension of the 

colon and/or strong colon contractions that are the common cause of post-

colonoscopy pain (Lee, Wang, Chiu, Lin, & Huang, 2006). 

 

2.2.2 Intra colonoscopy Pain 

The pain caused during a colonoscopy is predominantly a pain induced from both 

the endoscope stretching the colon and also from the air being induced, which can 

cause strong spasm (contraction) of the colon. This air insufflation during 

colonoscopy can cause painful abdominal distension (bloating) during and 

commonly continues to have an effect after the colonoscopy.  

 

Patients with an existing abdominal condition, such as Irritable Bowel Syndrome 

(IBS), Diverticulitis, Inflammatory Bowel Disease (IBD), colon cancer and with 

previous abdominal surgery, may also experience added abdominal pain intra-

procedure and post-procedure. Visceral sensitisation can be a factor in both IBD 

and IBS. Visceral sensitisation may occur when the colon experiences extended 

visceral stimulation, e.g. hypoxia and inflammation. Once sensitised, the 

nociceptors will respond to less noxious stimuli e.g. motility, resulting in pain 
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(Porth, 2005).  Although initial studies suggested that visceral hypersensitivity was 

limited to the gut it is now thought to also include a central nervous system 

sensitisation component as well (Davis, et al., 2003; Moshiree, Zhou, Price, & 

Verne, 2006).  

 

2.2.3 Post colonoscopy Pain 

Residual bowel gas from the colonoscopy causing distension and spasm is the 

main cause of the pain experienced post colonoscopy ( Lee, Vigil, & Leung, 2001;  

Lee, et al., 2006). Further expanded by Miller and Alpert (2006), discomfort also 

comes from distension of insufflated air within the colon and from the robust 

peristaltic contractions that are trying to expel the air. In one study most patients 

post colonoscopy had radiological colon distension; 39% had colonic diameter > 

6cm and 18% of patients had > 10cm colonic diameter (Stevenson, et al., 1992). 

There are other causes of post-colonoscopy pain but these occur infrequently e.g. 

serosal tears with pneumatosis (Hilzenrat, et al., 2003)  and colon perforation 

which is claimed by Pearl, McNally, Elster and  DeNobile (2006) to be < 0.5% of 

cases, (including both overt perforation and micro perforation). 

 

2.2.4 Factors determining post colonoscopy pain 

A study undertaken by Lee et al. (2006) of 1000 asymptomatic patients having 

colonoscopy, listed the following four points as the main factors determining post 

colonoscopy pain: 

 



  13 
 

Duration of colonoscopy: The length of the procedure is directly linked with the 

presence of abdominal pain and also to the severity of the pain. It is assumed by 

Lee et al. (2006) that post colonoscopy pain is directly related to the amount of air 

used intra procedure. Factors, which may affect length of procedure, include 

technical difficulties, endoscopist skill and endoscopy manipulation was not 

measured. These latter factors are taken into consideration by Steinberg and 

Howden (1997, p. 444) who claim “Patient comfort during and after colonoscopy is 

influenced by several factors including the degree of technical difficulty, the 

duration of the procedure, and the level of expertise of the endoscopist”. 

 

Female: Women are at higher risk of post colonoscopy pain. Lee et al.  (2006) 

findings were similar to Saundners, Fukumoto, and Halligan (1996) which indicated 

that a deeper pelvis and decreased muscularity of abdominal wall predisposed 

women to difficult intubation of colonoscope. Various other reasons have been 

suggested; women have longer colons than men, leading to higher risk of colon 

looping and longer procedures (Saunders, et al., 1996; Saunders & Williams, 

1996). As Hull and Church (1994, cited in Lee et al.,2006) mention there is more 

likelihood of women having had pelvis surgery predisposing to colon tortuosity. 

Hilzenrat et al. (2003) do not suggest being female, as such, as a risk factor. 

However they reported that, of the 20 % of patients in their study who experienced 

severe discomfort after their colonoscopy, more of these had previous abdominal 

surgery compared to those who had not experienced strong pain. Hilzenrat and his 

colleagues concluded that maybe this caused intra-abdominal adhesions resulting 

in reduced mobility of the colon. 
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Sedation / analgesia: The administration of pain relief and sedation during 

colonoscopy appears to provide some residual effect on post colonoscopy pain. A 

study by Lee et al (2006) showed patients receiving conscious sedation had on 

average a 32 minute delay of onset of pain after the procedure, but a shorter 

duration of pain of average of 121 minutes. Sedation/ analgesia did not have any 

effect on the presence and severity of abdominal pain. With the drive for being cost 

effective and facilitating faster discharge, it could be conceivable for patients to 

start experiencing abdominal pain after discharge.  

 

Irritable Bowel Syndrome (IBS): Patients with history of IBS were not more likely to 

experience abdominal discomfort according to Lee et al (2006), but if they did 

experience pain it was more likely to be a prolonged episode. As mentioned earlier 

in this report it is now thought that these people have  both a peripheral  and a 

central sensitisation (Davis, et al., 2003; Moshiree, et al., 2006) causing 

hyperalgesia  (reduced pain threshold and/or a exaggerated response to a painful 

stimulus) and also allodynia (prior non painful stimulus which now causes pain) 

(Moshiree, et al., 2006).  Normal motility now causes pain. With the colonoscopic 

distension of air and subsequent spasm/ contractions this hyperalgesia and 

allodynia can result. Fukudo et al. (2002) extend this by suggesting that not only is 

visceral hypersensitivity occurring but also an abnormal intestinal reflex. This effect 

was shown in their study where repeated distension of the distal colon below 

sensory threshold induced an exaggerated motility of the colon in IBS patients. 

The study undertaken by Lee et al. (2006) summarized in the above four points 

was undertaken with asymptomatic patients only. The effect of patients who 
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present pre procedure with abdominal pain was not investigated. A further factor 

determining post-colonoscopy pain was highlighted by Lugay, Otto, Kong, Mason 

and Wilets (1996) namely intra-procedure complications, which will now be 

discussed. 

 

Intra procedure complications: Intra procedure `occurrences` like abdominal pain, 

reduced oxygen saturation, hypertension and hypotension along with bradycardia 

were the common occurrences in a study undertaken by Lugay et al. (1996). Of 

their 405 patients, 69% of patient who had problems intra procedure also 

experienced problems post procedure with abdominal pain being the most 

common. The percentages of people experiencing complications intra procedure in 

the Lugay et al study may have changed since 1996.  Nevertheless the outcome of 

this study adds to the four points made above (duration, female, medication and 

IBS) which indicates that factors starting during procedure time may impact on the 

incidence of pain post procedure. 

 

2.3 The Extent of the problem 

It is common knowledge amongst gastroenterology nurses at MCH that patients 

regularly experience uncomfortable abdominal bloating post procedure. It is 

generally felt that any discomfort, after the procedure, is quickly relieved by 

passing air. Nevertheless, in some cases, pain is more of a problem and the 

occasional patient needs an extended recovery period due to strong abdominal 

pain. That patients at MCH are not alone with this problem of post colonoscopy 
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pain was confirmed by the comments of nurses questioned on this topic at a 

`Lower North Island Gastro Nurses Meeting` in October 2006. No statistical 

evidence of the extent of the problem of post colonoscopy pain is available at MCH 

at present. A new `gastroenterology nursing record` form is now developed which 

includes more accurate assessment and evaluation of pain relief methods as well 

as documentation of a follow up phone call 24-72 hours post procedure, asking if 

the patient has experienced continuing pain. This documentation will provide the 

means to clarify the local extent of post colonoscopy pain. 
 

Internationally there is varying statistical evidence of the prevalence of post 

colonoscopy pain. A study by Lee et al. (2001) found that 59% of patients 

experienced bloating post colonoscopy; 14% of these reported this bloating to be 

moderate to severe. This study went on to record the patients reporting pain as a 

separate group and within this group there were only 3 patients out of 65 patients 

who experienced painful bloating. Abdominal bloating occurred, despite efforts to 

decompress the colon with the colonoscope intra procedure. Initially results 

identified a reduction of bloating, but bloating returned to 45% at 24-48 hours post 

procedure. Reports of pain 24-48 hours afterwards did not reach statistical 

significance. This study seems to indicate that minimal pain was experienced post 

procedure and that bloating could be experienced, even to the point of severe, 

without it being described as painful.   

 

In contrast, other researchers confirm the prevalence of post colonoscopy pain / 

discomfort. Bretthauer et al. (2002) reported that 40% of 125 patients complained 
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of pain in the first few hours after colonoscopy reducing to 20% at 24 hours. A 48-

53% incidence of abdominal pain post colonoscopy (with sedation and without) 

ranging from mild to severe, was reported by Lee et al. (2006), with 16% of these 

experiencing moderate pain and  0.9% describing their pain as severe.  Hilzenrat, 

Fich and Odes (2003) even described a rather extreme statistic of “20% in whom 

severe abdominal discomfort develops after colonoscopy” (p.57). The extent of the 

problem is described by Newcomer, Shaw, and Williams (1999) in which 4% of 

people post colonoscopy take an unplanned day off work with abdominal pain and 

bloating being the main reason. Despite the wide range of reported incidence of 

people experiencing pain post colonoscopy, the evidence internationally 

demonstrates that post colonoscopy pain is a common problem. 

 

2.4 Importance of managing post colonoscopy pain: 

Gas distension is stated by Lee et al. (2006) as not usually harmful. Lee et al. 

(2001) elaborates and says that although abdominal distension is not usually 

dangerous, there can be some concern that excessive air can exacerbate chronic 

obstructive pulmonary disease, cause hypoxia in the elderly and even cause colon 

perforation or colon ischemia. Reducing retained air in the colon post colonoscopy 

will lower the risks of complications but also the associated discomfort and 

potentially reduce financial costs associated with longer hospital stays (Tasso, 

2004). Most importantly from a gastroenterology perspective, reducing the pain 

post colonoscopy will aid patient satisfaction, encouraging the return of people for 

colonoscopy in the future. 
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2.5 Methods to relieve post colonoscopy pain 

The only interventions being used to treat post colonoscopy pain at MCH were non 

pharmacological methods.  The main method used was encouraging the patient to 

adopt a variety of positions to encourage the passing of flatus and to ease 

abdominal discomfort. The literature search focused on what methods were 

currently being investigated internationally.  The following are five methods found 

during the literature search ending with a method of insufflating the colon with 

carbon dioxide. 

 

2.5.1 Decompression of the Colon:   

In order to relieve colonic distension and improve patient comfort after colonoscopy 

total decompression of the colon was tried by Lee et al. (2001). At the completion 

of their colonoscopy, 100 patients had the colonoscope reintroduced back to the 

caecum and then air was removed as the colonoscope was withdrawn. This 

decompression improved initial post colonoscopy bloating with 25% of 

decompression group experiencing bloating compared to 41% of control group. 

However 24 - 48 hours after the procedure the benefits of total decompression 

were temporary and the percentage of participants reporting bloating in the 

decompression and control group were 45% and 47% respectively.  Lee et al. 

(2001) suggested that this might have been from air that had moved up into the 

small intestine. They concluded with the suggestion that total decompression was 

not worth doing on a regular basis. 
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In support of this, a study undertaken by Stevenson et al (1992) of abdominal films, 

showed 93% of patients had small bowel air one hour post colonoscopy, with 61% 

experiencing moderate to extreme distension.  Decompression of just the lower 

colon prior to withdrawal of the endoscope is a common technique used by some 

endoscopist although the benefit of this may be limited by the effect of further air 

distension higher up. 

 

Likewise, for the same reason as above, passing a flatus tube in patients 

experiencing post colonoscopy pain (which has been tried historically at MCH) may 

not be successful. In favour of the use of rectal tube placement, Steinberg and 

Howden (1997) carried out a trial with positive outcomes. At 30 minutes post 

procedure the satisfaction 10 point rating scale was 9.1 in the flatus tube group and 

5.7 in the control group. The limitations of this study were that it was not blinded, 

restricted to men, only 67 patients and 10 patients exhibiting strong abdominal pain 

post procedure were taken out of the trial. In contrast, Hilzenrat et al. (2003)) 

trialled the use of a rectal tube with 157 men and women post colonoscopy, and 

did not find any significant improvement in terms of abdominal bloating and 

discomfort at discharge or 24 and 48 hours later. Decompression methods either 

with the colonoscope or a flatus tube to reduce the subsequent distension, show 

limited usefulness.  
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2.5.2 Anti cholinergic Medication 

Traditionally an intramuscular or intravenous form of cholinergic blocker; an 

antispasmodic e.g. buscopan has been used very successfully to relax the 

gastrointestinal tract for symptomatic IBS. For the purpose of relaxing intestinal 

muscle; some endoscopists also use this drug during colonoscopy examinations.  

 

The systemic effect of this drug drives its careful administration and limited use. 

The common side effects can be cardiac palpitations, dry mouth, difficulty 

urinating, orthostatic hypotension, eyesight impairment and anaphylactic reaction 

(Asao, et al., 2003; Mui, et al., 2004). Anti cholinergic drugs are contraindicated for 

use in patients with heart disease, prostatic hypertrophy, and narrow angle 

glaucoma (Asao, et al., 2003).  

 

There is mixed opinion on the usefulness of anti cholinergics for colonoscopy intra 

procedure or post. Mui et al (2004) considered the use of intravenous hyoscine N- 

butylbromide (buscopan) during colonoscopy and concluded that hyoscine N-

butylbromide impeded colonoscopy insertion, caused an increase in patient 

discomfort and caused greater hemodynamic instability. Depending on consultant 

preference at MCH, intravenous buscopan is used to cause a 5 -10 minute colonic 

relaxation effect intra procedure, to aid colonoscope advancement when there is a 

lot of spasm.  However it is not considered a method to reduce colon cramping 

post colonoscopy because of its short action and potential systemic effects.   
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2.5.3 Peppermint Oil 

Peppermint oil is a herbal medicine which has been found to have a local action of 

inhibiting contraction of smooth muscle of the gastrointestinal tract (Yamamoto, et 

al., 2006). The major component of peppermint oil is menthol and although its 

action is not completely clear, it is thought to alter the calcium ion transport in the 

smooth muscle receptors (Liu, Chen, Yeh, Huang, & Poon, 1997). Menthol is 

rapidly absorbed and excreted almost entirely in the urine (Hiki, et al., 2003). It is 

thought to be helpful in reducing pain associated with IBS, also endoscopic and 

radiological examinations (Asao, et al., 2003; Asao, et al., 2001; Hadley & Gaarder, 

2005; Hiki, et al., 2003; Yamamoto, et al., 2006). It has a similar effect as the 

antispasmodic action of buscopan, but in contrast, it has minimal side effects 

(Asao, et al., 2003). 

 

The side effects of peppermint oil are thought to be anal burning (when high 

concentrations are used), and epigastric pain (when there is early release of oral 

peppermint capsules resulting in relaxation of the lower oesophageal sphincter). In 

a study by Asao et al. (2001) peppermint oil was deposited into the colon during 

colonoscopy. Of the 409 patients no reported adverse effects to peppermint oil 

were noted, during or afterwards. Rectal biopsies were also taken with no 

pathologic changes noted.  

 

Due to peppermint oil’s rapid absorption and its local action in the colon, it needs to 

be directly deposited there.  Asao et al. (2003) study used either an enema tube or 
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gave peppermint oil via the barium, during a double- contrast barium enema. There 

was an equal effect, but fewer side effects, than noted with buscopan. Another 

method of ensuring its action in the colon is by way of the endoscope. Asao et al. 

(2001) proposed a method of intraluminal administration of peppermint oil using a 

hand pump apparatus via the endoscope, in order to reduce over active contraction 

to aid visualization during colonoscopy. They found that in their sample size of 445 

patients (409 in treated group and 36 in control group); within 20 seconds there 

was strong colonic relaxation. They did not know how long the effect lasted for, but 

it was probably longer than 20 minutes because the sigmoid was relaxed and 

without spasm at completion of the colonoscopy. Amounts of 30ml of peppermint 

solution were injected via a hand held pump apparatus at least 3 times during the 

colonoscopy. 

 

Administering peppermint oil intra procedure using the endoscope may have some 

effect post colonoscopy to reduce spasm, but its usefulness is limited. There is no 

certainty as to the duration of its effect. Also it is a time consuming method of 

injecting large quantities of solution intra procedure. The use of antispasmodics 

intra procedure is an endoscopist preference. Antispasmodics have been 

suggested by some studies to assist colonoscopy (Marshall, et al., 1999; 

Saunders, et al., 1996). In contrast others suggest that the use of antispasmodics 

intra procedure may actually impede endoscope advancement by reducing muscle 

tone (Mui, et al., 2004). The use of an antispasmodic agent during colonoscopy is 

controversial.  
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Oral peppermint capsules are an alternative method to get peppermint oil into the 

colon e.g. colpermin. These latter are capsules that are 0.2 ml of peppermint oil 

surrounded by gastrointestinal resistant hard gelatin capsule. Colpermin’s effect 

starts in the small intestine and has been used in symptomatic relief of IBS (Liu, et 

al., 1997). A pharmaceutical web site called Rxmed claims that a study was 

undertaken showing that colpermin dissolution rate was 143 +/- 14.8 minutes. 

Colpermin could be a useful tool but the dissolution time makes for a restriction in 

its action for the immediate alleviation of post colonoscopy pain (RxMed, 2005), but 

may have a role when given to patients experiencing post colonoscopy pain to 

assist them after discharge. As a result of this literature search the use of 

peppermint oil capsules as a pain relief option for post discharge is now suggested 

on the colonoscopy discharge instruction. The utilisation of peppermint oil however 

has limited usefulness and does not address the route cause of post colonoscopy 

pain. 

 

2.5.4 Paracetamol 

When benchmarking other gastro units in New Zealand and also from the 

researchers experience in the United States, MCH was not alone in analgesia not 

being offered on a routine basis post colonoscopy. Use of non pharmacological 

therapies that support analgesics are often under utilised and can enhance 

analgesia (Sherwood, McNeill, Starck, & Disnard, 2003). In contrast to this 

approach the Gastroenterology department at MCH have historically used only non 

pharmacological methods and a pharmacologic approach was not being used.   
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A search of the literature for analgesia with minimal side effects resulted in looking 

at the efficacy of paracetamol to relieve post colonoscopy pain. According to 

White`s (2002, p. 580) review on the management of pain after ambulatory 

surgery; “Of the non opioid analgesics, acetaminophen is potentially one of the 

most useful, yet vastly underused in the ambulatory setting.” Removing the air and 

the subsequent distension needs to be a main focus in relieving post colonoscopy 

pain, but a combination with an analgesic like paracetamol (acetaminophen) needs 

to be considered. Paracetamol has been the cornerstone for pain management for 

the last 40 years and continues to be so. It is considered to a first line analgesic for 

most acute and chronic conditions because it is effective, well tolerated, cost 

effective and when used within therapeutic doses, it is safe (Knaggs, 2006; 

Whelton, 2005).  

 

The action of paracetamol since its introduction in 1960 has been unclear. 

However in recent days there is growing evidence to suggest that not only does it 

have a peripheral action of inhibiting inflammatory mediators but a greater central 

action too. This central nociceptive mechanism is still not established but the 

potential mechanisms for this have been suggested as  including; inhibition of a 

central nervous system COX-2, inhibition of susceptible to paracetamol COX-3, 

and modulation of inhibitory serotinergic  pathways (Power, 2005; Whelton, 2005). 

Nevertheless regardless of the exact mechanism of paracetamol analgesic action 

with a peripheral action at the distended colon or with its central action, 

paracetamol could be used to relieve the pain in conjunction with other methods to 

alleviate the air distension (Raffa, 2001).   
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Since this literature investigation MCH now offers paracetamol post colonoscopy to 

patients who are experiencing abdominal pain, when they are awake and 

responsive. It is also suggested on the discharge instructions as a choice, along 

with peppermint oil, to alleviate continued discomfort. Paracetamol as a 

pharmacological option will have an action of inhibiting the pain pathway, but the 

air distension of the colon is still occurring. The cause of the pain is still there so a 

method to alleviate this root cause of post colonoscopy pain could have huge 

benefits for the patient. 

 

2.5.5 Carbon dioxide Insufflation 

The utilisation of carbon dioxide (CO2), instead of air, to insufflate the colon was 

highlighted in the literature. The benefit was claimed that CO2 absorbed far more 

rapidly than air and consequently reduced the distension quickly. There are a 

number of published trials which showed that when CO2 is used instead of air to 

insufflate the colon during colonoscopy, post-colonoscopy pain is reduced 

(Bretthauer, Thiis-Evensen, et al., 2002; Church & Delaney, 2003; Sumanac, et al., 

2002).  

 

The use of CO2 instead of air to insufflate the colon during colonoscopy is not a 

new discovery. It was first recommended by Becker (1953,cited in,Bretthauer, 

Thiis-Evensen, et al., 2002) as a method to reduce the risk of colon explosion 

during electrocautery. This was supported by Rogers (1974) and Williams (1986). 

The outcome of these studies was not only a safe environment for polypectomy but 
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the CO2 benefits of minimising distension were gradually appreciated. Hussein and 

his colleagues (1984) found that x-rays 30 minutes after colonoscopy on all 40 

patients who had received CO2 showed no residual air compared to excessive 

distension in 19 out of 20 who had received air insufflation. Phaosawasdi, Cooley, 

Wheeler and Rice (1986) looked at the success of barium enema post failed 

colonoscopies. Patients who had received CO2 intra colonoscopy were noted to be 

more comfortable than patients who had received air. 

 

One of the early randomised controlled trials looking at the use of CO2 in reducing 

post-colonoscopy pain was Stevenson, Wilson, Wilkinson, Norman, & Goodacre 

(1992). In their RCT of 56 patients they found no statistical difference in intra 

procedure pain but significantly less pain in patients 6 and 24 hours after 

colonoscopy. They also looked at the amount of air distension in the colon 

radiologicaly at one hour post colonoscopy. Of the CO2 group 96% had minimal 

retained gas where as the air group showed 18% with a colon diameter of ›10cm 

and 57% were ›6cm in colonic diameter. These latter results confirmed the findings 

of Hussein et al. (1984) which are discussed in a previous paragraph. This RCT 

undertaken by Stevenson and colleagues had limitations due to the small numbers, 

but it served well to start the slow acceptance of the benefits of CO2 use during 

colonoscopy.  

 

It is only in the last few years that a growing number of RCTs have added weight to 

this claim of reduction of pain with use of CO2. Bretthauer and his colleagues in 

Denmark looked at carbon dioxide use in 202 patients having flexible 



  27 
 

sigmoidoscopy (Bretthauer, Hoff, et al., 2002). Of the patients receiving CO2 

(N=97) 84% had no pain an hour later. In contrast to this, 64% of the air group 

(N=105) experienced no pain.  These researchers went on to undertake a RCT 

with 240 unsedated patients who reported that more than 90% of CO2 group (N 

=121) reported no pain post procedure. This was compared to the air group 

(N=119) where 40% reported pain in the hours post colonoscopy. This later study 

randomised whole sessions to either CO2 or air to avoid unblinding the gas 

changing between patients (Bretthauer, Thiis-Evensen, et al., 2002). 

 

This outcome was again reflected in a similar trial undertaken by Sumanac et al 

(2002) in Canada looking at 97 sedated patients.  At one hour post colonoscopy 

7% of CO2 group (N=49) had pain in comparison to 45% of the air group (N=51). 

They took supine abdominal X-ray pictures one hour post colonoscopy which 

reinforced this outcome by showing that 71% of air group had colonic distension of 

> 6cm in contrast to only 4% of CO2 group. These researchers also acknowledged 

the ease of insufflation of CO2 with a recently available commercial gas delivery 

system (provided by the manufacturer who paid for the statistical analysis).  

 

Church and Delaney (2003) added their voices to the RCT results and confirmed, 

with 247 patients that their CO2 group (N=123) had a statistically significant drop in 

pain levels compared to air (N=124) at 10 minutes post procedure. Pain scores 

from a 10 point analogue scale were 2.1 ± 0.2 for air group and 0.9 ± 0.2 for the 

CO2 group. Maybe greater statistical significance may have been apparent if data 
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was collected again at one hour (like some of the other CO2 RCTs). This trial was 

blinded to patient only. 

 

More recently Bretthauer and his colleague (2005); this time with sedated patients 

(in contrast to their earlier studies), confirmed again the outcome of a reduction of 

pain with CO2 use. They showed at 1 hour post colonoscopy, using a 100mm 

(VAS), that air patients (N=51) experienced a mean score of 23mm, where as CO2 

group (N=52) had a score of 4mm.    

 

After colonoscopy a significant amount of air is usually retained within the colon. 

Air then has to pass out the intestinal tract and exit by way of the rectum. It is this 

residual air causing distension and spasm that is the main cause of pain 

experienced post colonoscopy (J. G. Lee, et al., 2001). The advantage of CO2 is 

that it is rapidly absorbed by the colon lumen (Bretthauer, Thiis-Evensen, et al., 

2002). Cotton and Williams (2003) claim that CO2 is absorbed 100 times faster that 

air.  This results in less distension at the end of the colonoscopy and less 

associated pain.  

 

This use of CO2 has been investigated for its reduction in pain experienced, but 

also its safety in regards to CO2 retention. The question of CO2 being rapidly 

absorbed into the body and excreted via the lungs resulting in arterial CO2 

retention and subsequent acidosis has been investigated. Bretthaer et al (2002), in 

a RCT on the use of CO2, focused not only on pain, but also measured end-tidal 
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CO2 (ETCO2) as an indication of retained CO2 (pCO2). They found the increase of 

ETCO2 in unsedated patients was not statistically significant. 

 

These researchers then continued in 2005 with an RCT that focused on the levels 

of CO2 in sedated patients, who  are in theory more likely, because of impaired 

respirations, to retain CO2 (Bretthauer, et al., 2005). Once again these researchers 

found that the increase in ETCO2 with sedated CO2 patients was not statistically 

significant and interestingly the increase that was revealed, although still 

insignificant, was higher in sedated patients of both air and CO2 groups. This 

suggested that the level of sedation is the primary cause of CO2 retention, not the 

use of CO2. Excluded from their research were known CO2 retainers and patients 

with severe chronic obstructive respiratory disease (CORD).  

 

The literature is consistent regarding the safety of CO2 insufflation. Dellon, Hawk, 

Grimm and Shaheen, in a systematic review of the use of CO2 during 

gastrointestinal endoscopy claimed,  “in nine RCTs and six other studies in which 

safety was assessed, CO2 was not retained and no adverse pulmonary events 

related to CO2 insufflation were seen “(2009, p. 844).  

 
  
Many researchers thought that CO2 was slow to be utilised, despite obvious patient 

benefits, mainly due to the technical difficulties of delivering this gas (Church & 

Delaney, 2003). The use of CO2 internationally is slowly growing since a there is 

now a commercially available CO2 delivery system, which has been on the market 

internationally in the last few years but only recently available in New Zealand.  
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The call to use CO2 has been echoed by many researchers including the 

internationally renowned authors of an endoscopy technique text book, `Practical 

Gastrointestinal Endoscopy: The Fundamentals`,  who state; “ Few colonoscopists, 

regrettably, use CO2 insufflation, although it has much to commend it from the 

patients` point of view (Cotton & Williams, 2003, p. 106).” Domagk and his 

colleagues recently commented that air is still used in 90% of the endoscopy 

centres internationally (Domagk, et al., 2007).  According to personal 

communication with M Bennett, Olympus national sales manager, it presently has 

widespread use in Western Australia but not used in New Zealand (personal 

communication, April 3, 2007). Since undertaking this research there is now 

growing interest in New Zealand.  

 
 
The use of CO2 is not a recently discovered and untested hypothesis in fact it has 

been in use in some centres for many years. The benefits of the effect of CO2 in 

reducing post colonoscopy pain was strengthened by the testimony of personal 

communication (email), from Dr G Forbes, Head of Gastroenterology and 

Hepatology, Royal Perth Hospital where he and all their endoscopists have been 

using this method. He claims “We’ve been using CO2 for colonoscopy insufflation 

probably for 5 years now. It’s clearly led to a reduction in the amount of post 

colonoscopy abdominal distension and pain…I strongly recommend you to make 

the change” (personal communication, August 22, 2007). As mentioned earlier, 

CO2 insufflation has now widespread use in Western Australia. 
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2.6 Summary 

This chapter demonstrated the issues around the dependent variable, pain that 

some people experience during and after colonoscopy. Some of the independent 

variables that influence the experience of pain post colonoscopy were discussed. 

The importance of managing this post colonoscopy pain was explored. A focus on 

a range of methods to relieve colonoscopy pain including pharmacologic agents 

highlighted that although panadol and peppermint oil may be helpful in reducing 

discomfort, it is the use of CO2 that may fix the root cause and shows the most 

potential in making the biggest difference.  It was highlighted that despite 

numerous trials which show that CO2 is of benefit, there are many places in the 

world which still do not use it including New Zealand. 

 

 In conclusion to this chapter some personal communication was shared which 

added insight into the relevance of this study  A Gastroenterologist strongly 

commended, as experienced from his practice, the use of CO2 to reduce patient 

discomfort post colonoscopy (G Forbes, personal communication, August 22, 

2007). 

 

The observations from this literature search are examined in the present study by 

means of a randomised controlled double blinded clinical trial which is discussed in 

the following chapter. 
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Chapter Three 

Methodology and Methods 

 

3.1 Introduction 

My goal was to research an area of practice that was causing concern; this being 

the pain that some patients experience post colonoscopy. Limited interventions 

were being used to reduce this pain. The previous chapter described the search 

undertaken to find a method being used or trialled to relieve this pain. This search 

highlighted the use of CO2 in some endoscopy units around the world.  

 

There were already several randomised controlled trials (RCT) that had been done 

in the last 20 years that all showed a statistical improvement in pain with the use of 

CO2 compared to air. With undertaking the present trial it was decided to do a 

replicated trial. Exact replication in any one trial was not chosen but what resulted 

in this trial was a combination of the methods used in previous similar trials. A 

systematic review focusing on the evidence from RCTs looking at the use of CO2 

insufflation during endoscopy found that meta analytic techniques could not be 

done due to the “wide range and heterogeneity of studies (Dellon, et al., 2009, p. 

2)”.   Despite this variance all the studies still showed a clear improvement of pain 

with the use of CO2.  
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CO2 for the purpose of insufflation in colonoscopy had never been used in New 

Zealand. It was thus decided to explore its use in New Zealand. At the outset of the 

use of CO2, a randomised controlled trial looking at the cause and effect of CO2 

use during colonoscopy was commenced July 2008 in the Gastroenterology 

Department where the researcher worked.  In order to measure a cause and effect 

and test a therapeutic intervention a RCT is the gold standard (Jolley, 2004). 

 

In this chapter the methodology is outlined and then the study design is expanded.  

 

 3.2 Methodology 

Quantitative research methodology was chosen. Experimental research is 

quantitative research; taking the objective/ positivist assumptions and doing 

research that answers questions in a measurable way. Quantitative research is 

focused on testing a hypothesis and discovering cause and effect relationships that 

can be analysed using statistical measures (Axford, et al., 2004). Harris (2004) 

explains that quantitative research is about a scientific approach of measuring 

empirical entities (existing in the world and observed via the senses).  In the 

context of this research the ability to show that a treatment intervention (air or CO2) 

works, is essential to evidence based practice.  
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3.3 Method 

The design used was a double blinded, randomised controlled trial comparing the 

effects of CO2 insufflation to air insufflation on pain score ratings at (time intervals) 

post procedure. This allowed the hypothesis to be tested and cause and effect to 

be examined. 

 

The experiment took place in a clinical setting; a Gastroenterology Department in 

the lower North Island of New Zealand. The independent variable is the type of gas 

used for insufflation (CO2 and air). The dependent variable was the pain score 

expressed by the participant post colonoscopy.  

 

The consenting participants were randomly assigned to the control group that 

received the standard gas (air) or to the experimental group that received CO2. A 

double blind study was chosen to reduce bias from the researcher, 

gastroenterologist, research assistants and participants. A self reported numeric 

rating scale (NRS) was used to measure the intensity of pain experienced during 

the procedure and post procedure at 10, 30, 60 minutes and 24 hours (the 24 hour 

time period data was not included in the final analysis). 

 

Intravenous sedation and analgesia was given during the procedure at the 

discretion of the endoscopist. Commonly 2-5mg of intravenous (IV) hypnovel are 

used and 25-100mcg of IV fentanyl. Occasionally 10-20mg of IV buscopan is also 

used to reduce spasm of colon.   
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3.3.1 Trial Preparation 

There was considerable preparation prior to commencing the trial.   The necessity 

of specialised equipment to deliver the CO2 resulted in a process to obtain this 

equipment and ensure its safe use. Trial methods needed to be clearly understood 

by all 16 department staff (referred to hereon as research assistants). 

Communication with the Pharmacy Department, eliciting their support and 

involvement was part of the trial preparation. Pain management issues needed to 

be addressed by the research assistants. This involved increasing a knowledge 

base, reviewing basic pain assumptions and training in pain assessment skills to 

ensure pain scores data were collected appropriately. The details of the steps 

involved in the preparation for this trial are described as follows. 

 

3.3.1.1 CO2 Delivery System 

The use of CO2 to insufflate the colon during colonoscopy had not been used in 

New Zealand previously so the equipment required to deliver this gas for 

endoscopy was not available in New Zealand prior to the trial commencing. A 

company, which is the major supplier of endoscopy equipment nationally, was 

approached and they offered to obtain this equipment from an international source. 

Two endoscopy units in Perth, Australia were contacted and photos of the 

equipment involved were obtained.  A choice was made to replicate the equipment 

used by these Australian hospitals for many years (with wide spread use 

throughout Western Australia), rather than wait for the automated- commercial CO2 
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regulator. Although now available, the automated CO2 regulator for colonoscopy 

was not on the market in New Zealand at the time of commencing the trial.   

 

Standard practice for colonoscopy is for air to be delivered into the colon via a 

bottle attached to the endoscope. This is also the receptacle to hold water (`water 

bottle`). Both this air and water then passes intermittently through the endoscope 

at the control of the endoscopist pressing a button on his hand piece of the 

endoscope. The Olympus CO2 delivery system required drawing CO2 from a gas 

cylinder, which had a two stage regulator, and a flow meter which controlled the 

flow. This gas was then delivered to a CO2 `water bottle` (MAJ902), then on into 

the endoscope (appendix 16 for photos). 

 

The request was made for the CO2 delivery system in November 2007. The 

equipment arrived in May 2008. The focused training of the research assistants 

was not commenced until this equipment was on site, and the reality of the trial 

was then tangible.    

 

3.3.1.2 Safe handling of Medical Gas  

Once CO2 gas equipment was delivered the safe handling of this medical gas 

needed to be addressed before we started using it. The CO2 tank supplier 

provided in-service on safe handling of this gas for all the Gastroenterology nurses.  

Handling of tanks was taught along with the education on CO2 itself (Material 

safety Data Sheet was stored in department, see appendix 9).   The researcher 
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followed this by further reinforcement of safe handling skills at the department 

nurses meeting.  When the trial started the researcher provided one on one 

support for the nurse who was in the procedure room setting up and managing the 

CO2 equipment during that endoscopy session. This support was given until all 

nurses were confident with the equipment set up and also management of blinding. 

 

3.3.1.3 Training Research Assistants  

This research was undertaken in the Gastroenterology Department involving all 

staff. This included four endoscopists, seven nurses, two reception staff, one care 

assistant and two endoscope technicians. These staff all had roles to play in 

ensuring the trial design was carried out according to the agreed research protocol.  

 

All of the research assistants received training in the trial methods before 

commencing. Training was provided formally at several of the nurses meetings. 

Individual training was given to all the other staff (reception, care assistant, 

technicians and endoscopists) on a one to one basis. One of these staff members 

who would be key to ensuring appropriate access/sampling of   the population 

group to be undertaken was the receptionist. Her role in sending out the 

appointments, information letters and consent appropriately was crucial. I 

continued to support and oversee the roles of all the research assistants 

throughout the trial.  
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To reinforce the verbal explanations a written handout explaining everyone’s roles 

and the trial method was given to all involved staff (appendix 4).  Each person 

needed to be clear on their own role and also on each others roles. I was aware 

that, with the number of research assistants involved, communicating the trial 

protocol needed to be very clear. Over the six month period I was not always able 

to be present, but I became confident that trial methods were continued thoroughly 

even when I was not overseeing things directly. 

 

3.3.1.4 Pain management 

Pain management issues were addressed leading up to the trial by instigating both 

formal and informal discussions. These discussions were important as the ultimate 

goal of the research was to offer a treatment for all colonoscopy patients to reduce 

pain post procedure and so pain management issues needed to be brought to the 

forefront.   

 

The researcher provided a training session for the nurses on the topic of `Pain; the 

5th Vital Sign` (appendix 7). This covered pain physiology and pathophysiology, 

pain assessment skills and a discussion on the different assumptions on pain that 

may influence our pain assessment. This discussion was aimed to help highlight to 

the nurses the importance of patients self report of pain and to not let our 

assumptions influence the outcome. 
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A year before, the trial a new gastroenterology nursing record (appendix 8) had 

been developed. This allowed the recording of pain scores, data that had not been 

captured previously. This documentation tool would be used as the trial data 

collection tool. The nurses had been using this tool for about six months before the 

trial commenced. This facilitated the collecting of pain scores to become normal 

routine. Thus it was easier during the trial period to ensure adherence by the 

research assistants (nurses) to collect the data at the designated times because 

undertaking pain assessment and documenting was already common practice.    

 

3.3.1.5 Testing the Procedure 

Carrying out a pilot test to ensure that potential problems can be anticipated and 

rectified before starting is suggested by Cone and Foster (2006). The decision was 

made to carry out a preliminary test of two real patients consenting to get CO2 

unblinded.  The goal of this was that as we had not yet used the CO2, the 

technicalities of use of the delivery system would be smoothed prior to the first trial 

participant. CO2 was delivered smoothly to both the patients in the preliminary test 

and we were reassured that the technical aspects of the delivery system were 

under control.   

 

Both these patients had a positive experience with minimal pain experienced post 

procedure, but one in particular had a very good outcome with the CO2 use.  Jane 

(pseudonym) has crohns disease and has had numerous colonoscopies over the 

years. She commonly experienced considerable abdominal pain, cramping and 
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bloating after colonoscopy and so was naturally very anxious every time she came 

for this procedure. The previous endoscopist had been unable to get the 

endoscope around to the caecum due to colon tortuosity and the pain experienced. 

This procedure was now months later, and as she had been symptomatic, it was 

another attempt to view the whole colon.  

 

The procedure was technically difficult and took one and a half hours opposed to 

the average 30 minute procedure, however this time there was success from the 

endoscopists perspective as the caecum was reached and the terminal ileum was 

intubated with the scope. There was active crohns visible in the small intestine 

which now explained the exacerbation of her symptoms in the last few months. 

Jane could now be treated more appropriately.  

 

There is a clear association with the length of the procedure (amount of gas 

insufflated) and abdominal pain (Lee, et al., 2006). Added to this Jane was 

someone with a past history of a painful recovery post colonoscopy. We were 

thrilled to see Jane sitting up having a cup of tea feeling comfortable only five 

minutes after the procedure and remaining comfortable until discharge. A follow up 

phone call the next day confirmed that she had not had any abdominal pain or 

bloating over the 24 hours afterwards. Her story can be an example of the benefits 

of the use of this gas and an illustration of the human side of undertaking a clinical 

trial. The technical aspects of the pilot test with the two patients had gone smoothly 

and it had been encouraging to see first hand an indication of the benefit of CO2 
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3.3.2 Pharmacy Support 

CO2 is a medical gas (appendix 9) and is covered under the medicines act. This 

RCT was then in effect a clinical trial. The Pharmacy department was consulted 

when seeking hospital approval for undertaking the trial. They were very positive 

about supporting the trial in a tangible way. I consulted with them on the trial 

methods. Pharmacy helped with organising the randomisation envelopes by using 

an excel program to obtain random numbers for 120 women and 120 men. Slips of 

paper stating the gas to use (air or CO2) were placed inside the envelopes.  They 

held the master copy, of what gas each number received, till the end of the trial.  

 

3.3.3 Recruitment and Selection of Patients 

Quantitative researchers are focused on being able to generalise their results 

therefore there is great effort to seek a sample that is reflective of a broader group 

or population.  This population group is described by Polit and Hungler (1999, p. 

180) as the `target population` and the `accessible population` as to who is 

available to be studied. In this RCT the accessible population would be all patients 

who have colonoscopy at MCH and then with random sampling a representative 

group of the accessible population would be drawn. 

 

The description of the sampling frame for this RCT was 

 New patients with symptoms referred for colonoscopy and also patients for 

surveillance colonoscopy (for reasons of past history of colon cancer, 
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adenomas, very strong family history of colon cancer or inflammatory bowel 

disease).  

 Age span for referral is wide, with high numbers of over 60 yrs, no children 

under 14. 

 Sex of the population base is both male and female. 

 Ethnicity: Predominantly pakeha with a minority of other ethnicities including 

Maori, and Chinese immigrants (statistics of ethnicities not available).   

 

 Trial participants were recruited from the waiting list for elective colonoscopy at 

MidCentral Health. They were invited by mail to take part in the trial in conjunction 

with their planned colonoscopy. The Gastroenterology receptionist mailed out the 

information and consent forms, included with their appointment information. To 

allow prospective trial participants time to read the information sheet, think about it, 

seek advice and ask questions, the invitation to be a part of the trial was only sent 

to prospective colonoscopy patients who were booked at least two weeks in 

advance of their appointment. No invitations were sent to `in patients` or to 

acute/urgent patients who were booked at short notice.  

 

The information sheet gave a phone number for them to call the principal 

researcher with any questions (appendix 1) The consent form (appendix 2) was 

included with information sheet and this was brought with them for their 

appointment if they chose to participate. When the patient presented for their 

colonoscopy one of the Gastroenterology nurses confirmed their consent or non-
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consent. This nurse proceeded to carry out a health assessment, answer any 

questions and as appropriate confirm trial suitability.  

 

Exclusion Criteria 

• Age under 16 and age over 90  

• Inability to understand participant information 

• Patients with severe chronic obstructive pulmonary disease (COPD). 

Insufflation at a rate that exceeds the normal rate of expiration could result 

in retention of CO2 and subsequent acidosis. This is discussed fully later.  

• Refusal to participate 

 

Some of the above exclusion criteria information on a prospective patient was not 

available prior to the appointment being sent.  The receptionist books patients from 

a printout off the waiting list with demographic information only available. The 

receptionist sent out trial invitations to patients within the age criteria.  The 

exclusion criteria as stated above were stated in the information sheet (appendix 

1). On presenting for their appointment the participant’s suitability for inclusion in 

the trial was assessed by one of the nurses. 

 

Experimental research and in particular RCTs are typically undertaken under 

controlled conditions. Therefore Heard and Harris pose the question to be 

considered about the generalisability of this type of study against other settings 

(Heard & Harris, 2004). In contrast the setting of the present trial is undertaken in a 
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clinical setting with real patients having their elective colonoscopy and not in a 

laboratory. This clinical setting and the type of patients may be reflective of patients 

presenting for colonoscopy at other centres in New Zealand.  

 

3.3.4 Sample Size  

Sample size can be calculated using a statistical formula called power analysis. 

Using a less formal method, the size can be based on previous published results 

(Schofield, 2004). After discussion with a statistician the latter method was chosen. 

240 patients for randomisation was chosen to achieve a 90% power to detect a 

significant difference in NRS between air and CO2 group based on published trials 

(Bretthauer, Hoff, et al., 2002; Bretthauer, Thiis-Evensen, et al., 2002; Church & 

Delaney, 2003; Sumanac, et al., 2002).   This number allowed a drop out rate of 

40. Statistical significance was defined as p ≤ 0.5. 

 

During the 6 month trial period, 270 colonoscopy appointments were sent along 

with invitations to be part of the trial. Thirty six of these appointments were 

cancelled by the patient; therefore they were not available for the trial. Reasons for 

cancellation included; no longer needed colonoscopy, postponement to a later date 

(that put them out of the timeframe for trial) and 5 did not turn up for their 

appointment. Thus 234 prospective participants presented for colonoscopy. Of 

these, 29 chose not to participate. A total of 205 patients consented to the trial. No 

one was excluded. The outcome of the randomisation was that 108 patients 

received the CO2 and 97 had the standard treatment of air. See table 3.1 
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Table 3.1: Flow of participants through the trial  

 

 

3.3.5 Randomisation  

The Pharmacy department arranged the randomisation envelopes. An excel 

computer programme was used to allocate numbers to envelopes. Envelopes 

(120) were numbered for men and 120 for women. Inside the envelope it was 

stated on a slip of paper either the experimental `CO2` or `Usual` (the control air 

group). 
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The experience of pain is thought to be influenced by gendered aspects of sex 

(Lee, et al., 2006; Saunders, et al., 1996).  Thus the randomisation envelopes were 

separated into male and female so that equal numbers of each sex could be 

watched for. At a statisticians advice; it was anticipated that if there were signs of 

inequality of sex, methods of manipulating the numbers would need to be 

considered. As the trial progressed it appeared this manipulation was not 

necessary.  Final statistics showed; female (n = 111) male (n= 94). A statistician 

advised this was considered relatively even for statistical analysis. The 

randomisation envelopes were placed into boxes labelled male and female in the 

procedure room.  

 

As patients arrived for their colonoscopy they were allocated a nurse (`patient 

nurse`) who assessed them for their trial consent or not. The patients who declined 

trial participation received the same care as consenting patients, but proceeded to 

receive the standard treatment of air insufflation during colonoscopy.  For those 

consenting, as part of the usual assessment that all patients receive, trial suitability 

was reviewed and any further questions were answered. A comprehensive health 

assessment form was completed (appendix 8). 

 

The patient`s nurse informed the nurse in the procedure room of the prospective 

participant.  The nurse in the procedure room for that endoscopy session opened 

the next male or female, numbered envelope and organised the administering of 

the appropriate gas. The patient`s name was recorded against the corresponding 

numbered list. At the end of the trial, the master randomisation list held by 
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pharmacy was then matched to the numbered trial list, showing who had received 

air or CO2.  

 

3.3.6 Control  

Control ensures manipulation of the independent variable and restraining of the 

extraneous variables. Peat (2002) explains that in the case of experimental 

research, randomised sampling is used to control threats to internal validity. Peat 

reinforces this by stating “Of all study designs, randomised controlled trials provide 

the highest level of evidence for the effects of an intervention and for causation (p. 

23).”  

 

In this study the extraneous variables that may influence the outcome measure or 

dependent variable of pain were controlled by the randomisation of patients to the 

control or experimental group. Confounding variables like sex, age, reason for 

referral, tolerance to pain, health conditions such as irritable bowel syndrome, 

previous abdominal surgery, endoscopist technique, dosage of analgesia and 

sedation used, all of which  may have effected the out come of pain ( Lee, et al., 

2006), were controlled by randomisation. 

 

The medications used intra procedure may have residual effect on post 

colonoscopy pain although the reduction of intracolonic gas appears to extend 

beyond the effect of the analgesia. Further more, Lee et al (2006) showed that the 

incidence of discomfort post colonoscopy was comparable with both sedated and 
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unsedated patients. The possibility of extraneous effect of analgesia and sedation 

on post colonoscopy pain was controlled by randomisation in the present trial. 

  

All department endoscopists agreed to be part of the trial. The four 

Gastroenterology department endoscopists carried out most of the trial procedures, 

respectively 30.7 %, 29.3 %, 19.5% and 16.6 %.  Three of the endoscopists had 

extensive experience ranging from 10 to 25 years with a fourth having had 1 year’s 

experience. Additionally three registrars, under direct supervision, also performed 

5.9% of the trial procedures. The confounding variable of endoscopist technique 

(which may have influenced the length of procedure, amount of gas insufflated 

therefore indirectly influencing post procedure pain), was controlled by the 

randomisation of patients. 

 

The trial was `double blinded` as a means of improving objectivity and controlling 

against bias. The term usually refers to the blinding of patient and the physician (or 

researcher) so that they are unaware of what treatment is being used. In this RCT, 

the patient, endoscopist, and the nurse providing patient care and collecting data, 

were all `blinded`. The only person unblinded was the nurse in the procedure room 

for that session who was responsible to technical set up of the equipment. These 

efforts were made to reduce the chance of influencing the patients` report of pain 

during and after the procedure. 

 

The following explains the procedure to ensure blinding:  The procedure room 

nurse opened the sealed envelope prior to the patient entering the room and noted 
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which gas was to be used. This envelope was then discarded.  Air or CO2 was 

surreptitiously turned on, keeping the patient, nurse and doctor blinded to what gas 

was being used. The patient’s name was documented on a numbered list with the 

corresponding envelope number. The CO2 tank (with the regulator and the flow 

meter) was placed at the side of the endoscopy tower away from the patient and 

endoscopists (appendix15). The flow meter was kept covered.  The air operating 

switch on the endoscopy processor was kept covered. There is an optional 

CO2/water button (MAJ 502) which can be used on the endoscope for CO2 

delivery, but is easily recognisable, so the standard air/water button was used. The 

procedure room nurse was not involved in patient care pre and post procedure and 

did not collect the pain score data.  

 

3.3.7 Data Collection Instruments  

The data collection instruments that were used enabled the testing of the 

hypothesis and also recorded the main characteristics of the sample and relevant 

aspects of the participant’s health status (Polit & Hungler, 1999). The tools of data 

collection used were the Gastroenterology Nursing Record (appendix 8) and the 0-

10 Numeric Rating Scale (NRS) that measured the dependent variable of pain.  
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3.3.8 Gastroenterology Nursing Record  

The `Gastroenterology Nursing Record` was used to document; the participant’s 

medical history, demographics, health assessment, progress and interventions 

throughout the continuum of the colonoscopy episode (appendix 8). This 

documentation was chosen for its comprehensiveness and ease of use as it was 

already the documentation tool in standard practice for colonoscopy.  

 

The constructs of interest for the research were recorded onto the 

Gastroenterology nursing record. As Polit and Hungler (1999, p. 315) suggested, in 

addition to the main variable of pain, information about other variables was 

gathered. These  were demographic detail, reason for referral, procedure start 

time, time to caecum, procedure finish time, arrival into recovery time, discharge 

time, NRS scores, interventions during  the procedure, polypectomy and  intra 

procedure interventions performed. The researcher later transposed these 

constructs of interest onto an excel spread sheet. Then as per normal practice the 

Gastroenterology nursing record was filed into the patients notes. 

 

3.3.9 Numerical Rating Scale  

The 0-10 numeric rating scale (NRS) was used to measure patients’ abdominal 

pain at numerous time points that included intra and post procedure to test the 

hypothesis that carbon dioxide minimises post colonoscopy pain. The time periods 

recorded were intra-procedure (0), and post-procedure at 10, 30, 60 minutes and 

24 hours. The first 4 time periods pain score data was collected prior to discharge.  
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The 24 hour data was obtained by phone call to the participant the next day. Prior 

to discharge it was explained to each participant that they would receive a follow 

up phone call the next day. The 24 hour pain data was later chosen not to be 

included in the final analysis as only 50% of participants were contacted (reducing 

the power) and some of this data was flawed. 

 

This NRS was communicated to the participant, starting prior to the procedure by 

verbalising, “Can you tell me if you are in pain or discomfort? Zero to 10, with 10 

being the worst pain you could experience and zero being no pain”. The score self 

reported by the patient was then documented on the Gastroenterology nursing 

record. The nurses explained the NRS to the participants prior to the procedure to 

facilitate the early understanding of this scale. These pain scores were recorded as 

interval level data.  

 

A number of the published RCTs  looking at CO2 in endoscopy used a handout 

given to the patient to measure the pain intensity level on a Visual Analogue Scale 

(VAS)  (Bretthauer, Hoff, et al., 2002; Bretthauer, et al., 2007; Bretthauer, Thiis-

Evensen, et al., 2002; Domagk, et al., 2007). The VAS uses a 10cm line with “no 

pain” at the left end and “the worst pain imaginable” at the right. The patient is 

asked to mark the spot that represents the pain they are experiencing (McGuire, 

Kim, & Lang, 2004; Polit & Hungler, 1999).   

 

There are a number of reasons why the verbally administered NRS was used as 

the measurement tool in preference to using the VAS: 



  52 
 

1. The NRS is a way of measuring pain intensity that is supported by the hospital. 

It is in common use and therefore it was appropriate to promote its use. The 

nurses were already familiar with this tool.  Subsequently the results are 

understood and can be compared in the wider hospital. After the trial finished 

the nurses carried on collecting the same data.  This research was undertaken 

in the clinical setting and the reality of this meant use of the pain measurement 

tool already validated in this location. 

 

2. The tool is valid, reliable and sensitive. The validity of a 0-10 point NRS  was 

confirmed with cancer patients with an average age of 54.8 years and who had 

used an average of 87 mg of morphine daily (Paice & Cohen, 1997). The 

sensitivity of both the VAS and the NRS was similar when comparing post 

operative pain intensity by Breivik et al (2000).  They expand this point to claim 

that choice between the VAS and the 0-10 NRS can be made on subjective 

clinical reasons as was done in the present study. 

 

3. The ease of administration is one of the main reasons cited for its use (Breivik, 

et al., 2000; Paice & Cohen, 1997).  No special form was needed for patients to 

fill out. Paice and Cohen (1997, p. 89) go on to claim that “Verbal administration 

also allows those individuals who are visually or physically disabled, as well as 

those patients communicating by telephone to quantify their pain intensity.” It 

was felt for the present research that the NRS format was less intrusive and 

easy to use on patients who are recovering from the effects of a sedation and 

analgesia. Added to this they may not be wearing glasses and thus have 
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reduced visual acuity. Also the verbally administered NRS allowed pain score 

data to be obtained by telephone at 24 hours post procedure. 

 

It is also suggested that the elderly may have difficulty with conceptualising 

their pain on a line as in the use of the VAS (Kremer, Atkinson, & Ingelzi, 1981; 

Paice & Cohen, 1997). Added to this, Paice and Cowen`s research (1997) 

participants showed a strong correlation between difficulty in filling out a VAS 

and with opioid use. Thus for the present study with a mean age of trial 

participants being 62 years and including gathering data while patients are 

under the effect of sedation/analgesia, further supported the use of NRS rather 

than VAS. 

 

There are numerous studies considering various aspects of the use of NRS but 

none found related to its use in endoscopy. Prior to undertaking a trial on whether 

CO2 reduced post colonoscopy pain some researchers looked at sensitivity in 

pain rating scales  (Skovlund, Bretthauer, Grotmol, Larsen, & Hoff, 2005). They 

compared the VAS with a 4-point verbal rating scale and concluded that the VAS 

was consistently more sensitive. These researchers acknowledged that the 

limitations to generalisability were that their patients were all aged between 50-64 

years and received no analgesia/ sedation. In contrast, the age range of the 

participants of the present trial was 16-89 years, with an average age of 64, and 

sedation was used. Further research in the pain rating scales, particularly the 

NRS, for endoscopy would be valuable. 
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3.3.10 Statistical Methods 

This was an experiment so the researcher used inferential statistics to draw 

conclusions from the result. The statistical analysis tests the null hypothesis, which 

states that there is no difference between the two groups (air and CO2). The 

alternative hypothesis is that there is a difference between the two groups.  

 
The standard value of 0.05 for the significance level was set as a result of 

discussion with a statistician prior to commencing the study. The significance level 

is the probability that the test will show a significant difference between the two 

treatment groups when in fact there in no difference and the null hypothesis is true. 

If the P value calculated by the test is < .05 significance level, this indicates that the 

difference is too unlikely to have occurred by chance alone and the null hypothesis 

is rejected i.e. the probability that there is less than 5% chance that the obtained 

result is incorrect. 

 

The researcher applied theory about the use of CO2, which influenced a directional 

hypothesis; expecting the variable of pain to be reduced with CO2 use. Further 

supporting this directional hypothesis was the existing studies that revealed 

strength in using CO2. However despite this it could not be assumed that the 

findings opposing the directional hypothesis were virtually impossible, as a reason 

for using a one tailed test (looking at only one end of the distribution). Therefore 

the possibility was allowed that the treatment group may have a worse effect than 

the control group and the conventionally used two-tailed test was used. It is 
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generally assumed in statistical reports that a two-tail test was used unless 

otherwise stated (Munro, Jacobsen, & Braitman, 1997; Polit & Hungler, 1999). 

 

The statistical analysis was performed using SPSS 17.0 software (SPSS Inc., 

Chicago, Illinois, USA). Differences in mean NRS scores were analysed by 

ANOVA for repeated measures. Chi-squared test for independence was used to 

explore the relationship between categorical variable. Parametric continuous data 

was compared with independent samples t-test. The proportion of individuals 

reporting no pain on NRS was compared at each point using the chi-squared test. 

Statistical significance was defined as p < 0.05. Two tailed tests were used. 

 

3.4 Ethical Issues 

Approval to conduct the present study was received from Central Health and 

Disability Ethics Committee The section of chapter three, outlining the methods 

used, indicates how ethical issues were dealt with in process of the trial. 

 

The present research was a clinical trial and so it was necessary to assure 

participants that in the event of suffering from physical harm as a result of the trial, 

that the New Zealand Accident Compensation Corporation may be available to 

provide compensation. The detail related on this was outlined in the information 

sheet provided to prospective participants (appendix 1). 

 



  56 
 

An important ethical issue to be considered was the timing of when a potential trial 

of CO2 use could be considered. MCH Gastroenterology Department was 

convinced by the literature and international experience, to commence using CO2 

to insufflate the colon during colonoscopy and in so doing was the first Endoscopy 

unit in New Zealand to use this form of insufflation. If undertaking a RCT to 

compare CO2 to air insufflation in relieving post colonoscopy pain was to be carried 

out, it needed to be at the commencement of CO2 use. If a trial was considered 

after the use of CO2 had become standard practice then withdrawing something 

that was proven to significantly relieve pain would have been an ethical issue. 

Undertaking a RCT in the New Zealand setting was thought to hold weight in convincing 

other endoscopy units to use CO2 and the timing of a trial at the beginning of its use was 

crucial. 

 

3.5 Dissemination of Results 
 
The researcher is compelled to ensure the outcome of the research is 

communicated to all the stakeholders in the field. The international community has 

struggled to accept the outcome of the previously reported CO2 trials so the results 

of this research will add to the field of knowledge in regards to CO2 use in 

colonoscopy.  

 

The result of this trial has been sent to each participant along with informing them 

of the gas that was used in their procedure (appendix 3). The research report will 

be disseminated to major stakeholders at MidCentral Health. Reporting a 

description of the study and a summary of findings has been undertaken at the 
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regional Gastroenterology Nurses Meeting July 2009 and at nursing meeting at 

MCH, October 2009. A presentation was given at the National Gastroenterology 

Scientific Meeting, November 2009. Research out comes will also be published in 

the National journal for New Zealand Nurses Organisation Gastroenterology 

Nurses Section `the Tube`. Publication in a medical journal will be considered. 

 

3.6 Summary 

The method of a randomised controlled, double blinded, clinical trial to investigate 

the effectiveness of using CO2 insufflation, to reduce post colonoscopy pain was 

outlined in this chapter. The rational for undertaking this research was reflected on. 

The design and conduct of the trial was presented. The steps to prepare for the 

trial were described. This included outlining the process involved in training of all 

department staff in pain management issues, trial methods and safe gas handling. 

A patient’s experience with a pilot study to test the procedure was described, 

highlighting the human aspect of the trial. Ethical issues were covered which 

included emphasis on the present timing of the trial. The outcome of the trial 

needed to be shared with the wider community. In conclusion the steps to 

undertake dissemination of the results were introduced. The trial results are 

presented in the next chapter. 
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Chapter Four 

Result of the Experiment 

 
 
4.1 Introduction 
 
A mixed between subjects analysis of variance (ANOVA) was conducted to assess 

the impact of the two different interventions (air and CO2) on participants pain 

score at 4 different time periods; 0 (intra procedure), post procedure at 10, 30 and  

60 minutes. Follow up scores that were obtained at 24 hours post procedure from 

those who were home were  not included in the final analysis due to low numbers 

contacted (N= 104); reducing the power, and the flawed nature of this data. An 

independent groups test was conducted to assess the impact of the interventions.  

 
 
This section outlines the results of the present study; commencing with a sample 

description, which includes information about the characteristics of the treatment 

groups. In the remainder of the chapter the results related to the hypothesis are 

presented. 

 

4.2 The Sample Description 

The following factors were considered to have an effect on the dependent variable 

and would impact the two groups being considered equal; age, gender, length of 

procedure time, procedure complications, intra procedure interventions (e.g. 

polypectomy) and amount of sedation and fentanyl use.  



  59 
 

 

The sample was made up of 205 participants with a mean age of 61.61 (SD = 

14.40). One hundred and eleven were female (54%) and 94 male (46%). Polyps 

were removed for 42.2% of participants. The mean duration of the procedure was 

26.43 minutes (SD = 15.59). The mean dosages of each of the drugs used during 

the procedure was 3.8 mg (SD = 1.30) for hypnovel (sedation), 82.7 mcg (SD = 

29.65) for fentanyl (analgesia) and 15.5 mg (SD = 5.0) for buscopan (muscle 

relaxant). There were no statistically significant differences between the groups on 

any of these variables. See table 4.1 below. 

 

 

Table 4.1: 

Age, sex, duration of procedure, polypectomy rate and dosage of medication for 

sample and groups. 

Total CO2 Air   

N Mean SD N Mean SD N Mean SD t P  

Age, years 205 61.6 14.40 108 61.33 15.79 97 61.93 12.75 -.294 .766  

Duration,mins 205 26.43 14.59 108 25.30 13.23 97 28.04 16.33 -
1.214

.226  

Hypnovel,mg 204 3.8 1.30 107 3.8 1.2 97 3.8 1.3 -.151 .880  

Fentanyl,mcg 204 82.7 29.65 107 82.9 29.4 97 82.4 30.0 .113 .910  

Buscopan,mg 27 15.5 5.0 17 14.1 5.07 10 18.0 4.2 -2.14 .052  

 N % N % N % χ2 P 
Male 94 45.9 51 47.2 43 44.3 

Female 111 54.1 57 52.8 54 55.7 

 
.075 

 
.784 

Polypectomy 87 42.4 47 54 40 46 .036 .851 
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4.3 Basic Assumptions 

The assumptions underlying the mixed between-within subjects analysis of 

variance were assessed. The assumptions of sphericity, homogeneity of variance 

and equality of covariance matrices were found to be violated (appendix 5). Fin 

and Matttson (1978, p. 83) claim that “In practice behavioural data rarely meet the 

assumption of compound symmetry”. In an intervention study sphericity is not 

expected. When this assumption has been violated multivariate results should be 

reported (Munro, 1997). As a result the wilks` lambda statistic will be reported for 

main effects for time and interaction effects for time by group (appendix 6, 

Multivariate table). 

 
 
4.4 Main Effect for Group 
 
A main effect was found for type of intervention (table 4.2). With CO2 being more 

effective than air. The mean pain score over the four time periods was 1.2 (SD = 

1.53) and ranged from 0 to 8 for CO2 and a mean of 2.1 (SD = 2.26) and ranged 

from 0 to 10 for air (F (1, 202) = 17.36, p < .001, partial eta squared = 0.079). This 

constitutes an effect of moderate size (i.e. Effect size of partial eta squared of .01 = 

small effect, .06 = moderate effect and .14 or greater = a large effect (Cohen, 

1988, pp. 92-97)) in the effectiveness of one of the interventions on pain scores.  

Those in the CO2 group had on average less pain than the air group (table 4.3 and 

appendix 6 for the tests of between subjects effects).  
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Table 4.2:  

Main effect for group and time and intervention effect for group by time 

Effect 
Wilks 

Lambda df F P 
Partial  Eta 

Squared 
Main Effect for 
Group N/A 1 17.36 .000 0.079 
Main Effect for 
Time 0.414 3 94.1 .000 0.585 
Interaction Effect 0.948 3 3.64 .014 0.052 

 

 

 
4.5 Main Effect of Time (Within the groups across time)  
 
A significant main effect was found for time, with a large effect size (Wilks Lambda 

= 0.414, p  <.001, partial eta squared = .586). (Table 4.2). The pain scores across 

the four time periods decreased markedly across time. The mean pain was 4.34 

intra procedure (0 minutes), 0.99 at 10 minutes, 0.67 at 30 minutes and 0.43 at 60 

minutes (table 4.3). There was a difference in pain scores from time across times 

which was greater than chance alone. 

Table 4.3:  

     Pain scores by group over time 

  CO2 ( C)  
/Air (A) Mean Std. Deviation N t P 
A 4.68 3.342 96   
C 4.05 3.257 108   

Pain Score @ 0 min 

Total 4.34 3.304 204 -1.26 .868 
A 1.61 2.359 96   
C 0.43 1.209 108   

Pain Score @ 10 min 

Total 0.99 1.931 204 -4.41 < .001 
A 1.19 1.975 96   
C 0.20 0.806 108   

Pain Score @ 30 min 

Total 0.67 1.553 204 -4.55 < .001 
A 0.73 1.373 96   
C 0.17 0.859 108   

Pain Score @ 60 min 

Total 0.43 1.162 204 -3.45 < .001 
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4.6 Interaction Effect (between groups across time)  
 
An interaction effect was found between the groups across time of a   moderate 

effect size. (Wilks` Lambda = .948, p = .014, partial eta squared = 0.052). See 

table 4.2. The pain scores for those in the CO2 group decreased faster across the 

four time periods than they did for those in the air group. (See figure 4.1).       

 

 

Figure 4.1: 

Mean pain scores by group over time 
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4.7 Zero Pain 

The proportion of participants in both groups reporting no pain on the NRS was 

compared at all four time periods (table 4.4 and figure 4.2). A significant difference 

between the groups was noted with those in the CO2 group reporting a greater 

proportion of zero pain score at each of the three times assessed following 

intervention.  

Table 4.4 Zero pain scores by group over time  
 

CO2 
 

 
Air 

 
 

 

N % N % χ2 p 

 
0 Pain at 0 Min 

 
34 

 
31.5 

 
24 

 
24.7 

 
.836 

 
.361 

 
0 Pain at 10 Min 

 
91 

 
84.3 

 
51 

 
58.8 

 
15.3 

 
<.001 

 
0 Pain at 30 Min 

 
96 

 
89.7 

 
59 

 
61.5 

 
20.8 

 
<.001 

 
0 Pain at 60Min 

 
101 

 
93.5 

 
68 

 
70.8 

 
16.8 

 
<.001 

 

Figure 4.2 Percentage of zero pain scores over time 
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4.8 Summary 

The results related to the hypotheses were presented. The main effect between 

groups and within groups across time showed that those who received CO2 

insufflation reported less pain than those who received air insufflation. A significant 

interaction effect between groups across time showed that pain scores for those in 

the group who received CO2 decreased by a greater amount and more rapidly than 

for those in the air group, over the three time periods following the procedure. 

There was no statistical difference in pain scores between the groups intra 

procedure.  
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Chapter Five 

The Discussion 

 

5.1 Introduction  

The results of this study will be summarised and discussed in relation to context. 

This is followed by further discussion covering the implications of the findings in 

practice. The limitations of the trial and recommendations for future research will 

be outlined. 

 

5.2 Findings 

This study directly tested the hypothesis that: Those receiving carbon dioxide 

(CO2) insufflation during colonoscopy will experience less post colonoscopy pain 

than those receiving air insufflation. That hypothesis was accepted because there 

was a statistically significant difference of the pain scores post procedure recorded 

for those who received CO2 insufflation, compared to those who received air 

insufflation. The participants who received CO2 insufflation experienced less pain 

post colonoscopy than those who received air insufflation, therefore the null 

hypothesis was rejected and the research hypothesis that those receiving CO2 

during colonoscopy would experience less post colonoscopy pain than those 

receiving air insufflation was accepted.  
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There was no statistical significant difference of pain scores between both groups 

intra procedure (p= .868). However at 10, 30, and 60 minutes post procedure the 

pain scores for those who received CO2 were less than that for those who received 

air insufflation (p < .001). An alternative visualisation of the pain score results was 

undertaken by investigating the proportion of participants reporting no pain on 

NRS. Again a significant difference was found at all three time periods post 

procedure (p <.001). At 30 minutes post procedure 90% of those who received 

CO2 had no pain in comparison to 61% of those who received air.  Added to this, 

post procedure the pain scores of those insufflated with CO2 dropped faster than 

for those insufflated with air.   

 

The mean pain score over the four time periods was significantly less for those 

who received CO2 (1.2) than for those who received air (2.1). These scores are 

relatively low in both groups and the range did not vary greatly, yet the range was 

greater for those in the air group at all three times post procedure (appendix 16). 

An examination of the distribution of the scores indicated that a greater number of 

those who received air insufflations experienced moderate to strong pain post 

procedure than those who received CO2. At 10 minutes post procedure 4 of those 

who received CO2 insufflation reported pain ranging from 4 to 10, compared to 21 

of those who received air insufflation (appendix16). This reinforced anecdotal 

evidence that with air insufflation some people experience moderate to strong 

abdominal pain post procedure. In the present trial this was less common among 

those who received CO2.  



  67 
 

5.3 Findings in Context  

The results of the present trial are consistent with findings of all the other published 

trials. There was no significant difference in pain scores between the CO2 group 

and air group intra procedure.  In contrast the results post procedure at 10, 30, 60 

minutes showed that those who received CO2 insufflation reported less pain than 

those who received air insufflation. (Bretthauer, Hoff, et al., 2002; Bretthauer, et al., 

2005; Bretthauer, Thiis-Evensen, et al., 2002; Church & Delaney, 2003; 

Stevenson, et al., 1992; Sumanac, et al., 2002)  Bretthauer et al. is a major 

investigator in the use of CO2 insufflation with involvement in 6 of the 9 RCTs 

undertaken.  

 

The present trial was a systematic replication of earlier studies. This study 

randomised participants to the groups while most randomised the intervention by 

group. (Bretthauer, Hoff, et al., 2002; Bretthauer, et al., 2005; Bretthauer, Thiis-

Evensen, et al., 2002).   

 

Church and Delaneys RCT was blinded to participant only (2003). All the other 

previous RCTs were double blinded.  The present trial was also double blinded, 

which included not only participant and endoscopist, but also the nurse looking 

after the patient.  

 

The use of VAS was the most commonly used  pain intensity measuring tool in the 

previous trials, although a 5 and 10 point likert scale has also been used (Dellon, et 
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al., 2009). In the present trial the use of the numeric rating scale (NRS) to measure 

pain, appears to be distinctive. As discussed in chapter three, this measurement 

scale appeared to be the best choice for this clinical trial setting and in reality it 

appeared to work well. The methods of the present trial that included using the 

NRS measuring tool has replicated the outcome of all the other trials  

 

5.4 Limitations 

The limitations of the study are discussed under three headings 

1. Pain score data at 24 hours post procedure. 

The study design included measuring pain with a NRS at 24 hours post procedure, 

which would have strengthened the study by providing evidence of a longer term 

effect. However in the end this data was not included in the analysis because of 

limited numbers of participants contacted and the flawed nature of the data.   

 

The method to gather the 24 hour pain score data was unreliable. This data was 

collected by the nurse phoning the participant the next day. Prior to discharge it 

was explained to each participant that they would receive a follow up phone call.  

Only 50% (N=104) of participants were contacted (either at home, work, or on a 

cell phone) so the power was considerably reduced. A phone method allowed the 

use of the same measuring tool (NRS) as all the other 4 time periods. The power of 

this data would have been increased by a stronger plan to get hold of as many 

participants as possible.  
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The data collected at 24 hours was also flawed. The time this phone call was made 

was not consistently at exactly 24 hours. There were also inconsistencies in the 

questions asked. Pain was assessed, but the NRS was not always used. There 

needed to be clearer instructions given to the research assistants on exactly what 

data needed to be collected at this time point. In addition, it may have been helpful 

to have collected data on the participants’ pain over the previous 24 hours not just 

at 24 hours. A question that may have been considered was “with zero being no 

pain and 10 being pain as bad as you can imagine, what was your pain at its worst 

in the last 24 hours?”  

 

 Due to the small sample size at the 24 hour measuring period and the 

inconsistency in gathering this data, the power was greatly reduced and the data 

was flawed. Consequently the 24 hour pain score data was not included in the 

analysis. 

 

2. Generalisability  

The accessible population of this research needs to be considered carefully before 

generalisation is made to other centres within New Zealand and internationally. 

Some of the trial population characteristics (equality of sex, average age of 61 

years) and the endoscopy methods (moderate sedation/analgesia, use of 

endoscopist in training) may transfer to other settings in New Zealand. Although 

anecdotally there was a low percentage of Maori participants, a limitation to this 

study was that the participants’ ethnicity was not recorded, limiting generalisability 

to this ethnic group. The generalisability of the present research is strengthened 
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with its replicated design, undertaken in a new setting, with new subjects, which 

showed an outcome consistent with the previous RCTs. 

 

3. Experimental effects 

The researcher cared for some of the participants during their colonoscopy process 

and gathered some of the pain score data. Efforts were made to limit direct 

involvement in participant care but some involvement was unavoidable.  Every 

attempt was made to remain neutral with no discussion of my status as principal 

investigator. Any subconscious effort to influence participants or the research 

assistants, to demonstrate that the hypothesis was correct, was limited by being 

blinded to what gas was used till after the whole trial was completed. 

 

5.5 Implications of findings: 

The out come of the trial has implications for practice in the following four areas. 

 

1. Use of CO2 insufflation for colonoscopy is now common practice at MCH. 

The Gastroenterology Department at MCH was convinced by the present trial that 

showed those who received CO2 insufflation reported less discomfort post 

procedure than the patients who received air insufflation.  Since the completion of 

the trial in January 2009, CO2 insufflation is now common practice for colonoscopy 

with subsequent minimal reports of pain from patients.   
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2. CO2 insufflation for other endoscopy procedures 

The implication of reduction in pain for CO2 use in colonoscopy could also be 

considered for other endoscopy procedures. Researchers have not only 

investigated CO2 use in colonoscopy but also other endoscopic procedures. There 

are published trials investigating CO2 insufflation in flexible sigmoidoscopy, 

endoscopic retrograde cholangiopancreatography (ERCP) and double balloon 

enteroscopy all supporting the reduction of pain post procedure (Bretthauer, Hoff, 

et al., 2002; Bretthauer, et al., 2007; Domagk, et al., 2007). In addition to 

colonoscopy, CO2 use during ERCP is being considered at MCH. 

 

3. Use of CO2 nationally  

The primary supplier of endoscopy equipment nationally, Olympus, recently 

released an automated CO2 delivery system (UCR) into the New Zealand market. 

There are now a growing number of endoscopy units planning to trial the 

equipment. At least six endoscopy units have since purchased the delivery system 

from Olympus (Inmed Medical supply an insufflator called CoEffecient 2).  It is not 

known if all the endoscopists with in these departments are using this method; 

however there are certainly indications of the spread of this insufflation technique 

and the prospect of more than just MCH colonoscopy patients benefiting from 

reduced post procedure pain. 

 

It was a common theme from past authors that despite what seemed like 

convincing research, CO2 insufflation was not in widespread use (Church & 

Delaney, 2003; Sumanac, et al., 2002). Psaosawasdi et al (1986) claimed that only 
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15 of 146 hospitals in Illinois used CO2. The authors of a recent published 

systematic review (Dellon, et al., 2009) mention that it appears that this insufflation 

method is still not in common practice in the United States of America (USA). As 

mentioned previously, it was not in use in New Zealand prior to undertaking the 

present trial. 

 

Various reasons have been suggested as to why the use of this gas has not been 

put into practice. Firstly specialised equipment was not initially available but has 

since been on the market in the last few years (Sumanac, et al., 2002). An 

associated cost with this equipment may be a deterrent. It is suggested that the 

benefits of this gas may not be considered important enough to warrant purchasing 

new equipment (Dellon, et al., 2009). The reasons for the reluctance to use CO2 

are perhaps varied and not clear. Further investigation needs to address the 

international extent of whether CO2 insufflation is in use or not, and the factors 

contributing to lack of adoption. 

 

The use of CO2 insufflation in colonoscopy is common practice for most of 

endoscopy units of Western Australia. Communication with G Forbes a 

Gastroenterologist in Perth, Australia revealed that they had been using this gas in 

endoscopy for five years (personal communication, August 22, 2007). I 

hypothesised that the adoption of a new technique may be accelerated within close 

geographical/networking areas by word of mouth and benchmarking. I anticipated 

that undertaking a RCT at the beginning of CO2 use in New Zealand might impact 

its use throughout New Zealand.  It was therefore not a complete surprise to note 
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that since undertaking the present trial there was growing interest in CO2 

insufflation nationally.  

 

4. Prospective national increase in colonoscopy rate. 

The present research may be timely as currently there is a Ministry of Health task 

force focusing on facilitating a national colorectal cancer screening program. With 

the prospect of increasing colonoscopy numbers (at MCH and nationally), the use 

of CO2 insufflation may impact on not only patient satisfaction and future 

compliance, but may also have an economic impact.  

 

It is suggested that one of the benefits of this gas is that it may shorten recovery 

time, facilitate earlier discharge with subsequent reduction in costs. The present 

research was limited in investigating the recovery time because the collecting of 

pain score data at one hour meant the nurses ensured their trial participants were 

not discharged any earlier. The hypothesis that CO2 insufflation shortens 

admission time is yet to be investigated. 

 

The impact of air insufflation is on patients after 24 hours, is not fully known but 

may include reduced costs associated with next day absenteeism. Jonas and his 

colleagues’ report that of 110 participants 17% of patients required more than 24 

hours to recover from screening colonoscopy (Jonas, Russell, Sandler, Chou, & 

Pignone, 2007). Newcomer, Shaw, and Williams (1999) claimed that 4% of people 

post-colonoscopy took an unplanned next day off work due to abdominal pain and 

bloating as the main reason. A later study by Ko et al claimed that 20% of their 
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subjects took 2 or more days to fully recover to normal activity including work 

(2007). Little is known about the impact of colonoscopy on MCH patients after 

discharge. 

 

5.6 Future Research 

This research increased understanding but also highlighted areas that suggest 

further research:  

1. Investigation of the impact of colonoscopy (with both CO2 and air use) on 

patients post discharge. The following questions could be considered: “with 

zero being no pain and 10 being pain as bad as you can imagine, what was 

your pain at its worst in the last 24 hours?” What is the length of time to return 

to normal activity post colonoscopy?  What is the next day absenteeism rate?  

2. Investigation is required into CO2 use in the higher risk populations with 

significant pulmonary disease. In the meantime for this group of patients, air 

should be used, otherwise in depth respiratory monitoring including Pco2 

measurements is recommended.  The current literature supports that CO2 is 

safe in the population with no serious underlying respiratory problems.  

3. Investigation to enquire if CO2 insufflation shortens admission time?   

4. Investigation on the extent of CO2 insufflation internationally and factors 

contributing to lack of adoption.  
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5.7 Summary 

In this chapter the results of the research are discussed in relation to the 

hypothesis. The hypothesis was supported by the results which showed that CO2 

insufflation resulted in less reported pain than those who had received air 

insufflation. These results were discussed in relation to the published literature. 

The present research was a systematic replication of previous studies. The use of 

the Numeric Rating Scale stood out as unique aspect of the method. Despite this 

difference, the present trial replicated the outcome of all the other published trials.  

 

The limitations were evaluated. The power for the 24 hour pain score data was 

reduced and the data was flawed, so it was not included in the final analysis. There 

was discussion emphasising caution regarding the generalisability of the trial to 

other New Zealand endoscopy units. The efforts to reduce the experimental effects 

of having the researcher involved in caring for the participants were highlighted. 

 

The implications of the research findings on clinical practice were presented. CO2 

insufflation for colonoscopy is now normal practice at MidCentral Health and 

consideration is being given to application of CO2 for other endoscopy procedures.  

At the beginning of this trial, CO2 for colonoscopy was not being used in New 

Zealand; neither was there a delivery system available to support this use.  Now 

there is an automated system available on the New Zealand market and a number 

of endoscopy units have since purchased this system, with others considering this 

method. It was suggested that the present research may be timely, as a 
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prospective national growth in colonoscopy numbers is expected, due to a national 

colorectal cancer screening programme being set up.   

 

Finally recommendations for further research which arose from the discussion in 

this chapter were outlined.  
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Appendix 1           (Massey University letter head went here) 

 
 

Does Carbon Dioxide Insufflation During 
Colonoscopy Minimize Post Colonoscopy 

Pain? 
 

INFORMATION SHEET FOR PATIENTS 
 
You are invited to take part in a research project while undergoing 

your planned colonoscopy 
 

My Name is Anne Cleland. I am a registered Nurse in the Gastroenterology 
Department at MidCentral Health, and I am studying towards my Masters of Nursing 
at Massey University. In keeping with my commitment to improving the services of 
Gastroenterology and also in order to satisfy my degree requirement I am carrying 
out a study on the use of Carbon dioxide during colonoscopy. I am supported by Dr 
Andrew Herbert and the other department doctors and nurses. This study has been 
given ethical approval by the Central Regional Ethics Committee. 
 
During a colonoscopy all patients receive air into their colon, which can sometimes 
cause abdominal pain or discomfort after the examination. Internationally the use of 
carbon dioxide gas (CO2), instead of air, has been found to reduce this abdominal 
pain after the examination. The aim of this research is to find out if this is true in our 
New Zealand setting.    
 
Recruitment and Involvement 
240 patients, receiving a colonoscopy appointment are being invited to participate in 
this trial. You will need to be between the ages of 16 years and 90 years and have a 
good understanding of English.  
 
If you choose to be a participant bring the enclosed trial consent form with you when 
you arrive for your colonoscopy. You will receive either air or gas during your 
colonoscopy. Neither the doctor carrying out the colonoscopy examination, nursing 
staff nor you will know which gas is used during your examination. Only the 
endoscopy assistant will know the type of gas used.  Soon after the procedure and 
before you are discharged your nurse will ask if you are experiencing any 
abdominal pain. The next day a nurse will contact you about any discomfort that 
may have occurred after discharge.  
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Your participation is voluntary. If you choose not to consent to this trial then your 
planned colonoscopy will be performed with the use of air as usual and please be 
reassured that your care will not be affected in any way. Your nurse and 
endoscopist will be working on ensuring your procedure is as comfortable as 
possible as they normally do.  
 
 
Safety of this trial  
The studies that have already been undertaken on the use of CO2 have looked 
carefully at the safety of this gas and there have been no side effects found. CO2 
gets absorbed into the colon lining and eventually gets exhaled by the lungs. 
Carbon dioxide will not be given to you if you have a severe chronic obstructive lung 
disease. Use of CO2 in colonoscopy is commonly used in parts of Australia. It is 
also the standard gas used during some surgery. If you choose to take part in this 
trial the risks involved are the same as a standard colonoscopy and are outlined on 
the back of the yellow form enclosed. 
 
Compensation 
In the unlikely event of a physical injury as a result of your participation in this study, 
you may be covered by ACC under the Injury Prevention, Rehabilitation and 
Compensation Act. ACC cover is not automatic and your case will need to be 
assessed by ACC according to the provisions of the 2002 Injury Prevention 
Rehabilitation and Compensation Act. If your claim is accepted by ACC, you still 
might not get any compensation. This depends on a number of factors such as 
whether you are an earner or non-earner. ACC usually provides only partial 
reimbursement of costs and expenses and there may be no lump sum 
compensation payable. There is no cover for mental injury unless it is a result of 
physical injury. If you have ACC cover, generally this will affect your right to sue the 
investigators. 
If you have any questions about ACC, contact your nearest ACC office or the 
investigator. 
 
Confidentiality  
Your name or any identifying detail will be not be used in any reports on this study. 
During the study period, all data will be kept in a locked filing cabinet in my office. 
After completion of the research, December 2008/early 2009, data will be stored at 
the Massey University School of Sciences for 10 years and then destroyed. 
 
Results 
At the completion of the research a summary of the trial findings will be available for 
participants or their families. I will write a research report which will be available for 
those who wish to read it and study findings will be submitted to health service 
journals.  
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Contacts 
Please read carefully the instructions on the yellow form that you have received 
about your forthcoming colonoscopy. If you have any questions about the procedure 
itself ring the Gastroenterology Department as instructed on the yellow form.  
If you have any questions or concerns regarding this invitation, or about your rights 
as a participant in this study, you may wish to contact a Health and Disability 
Advocate, telephone 0800 42 36 38. Alternatively you are welcome to contact 
myself using the phone number provided. You are most welcome to bring a support 
person with you when you attend your colonoscopy appointment.  A member of the 
Palmerston North Maori Unit is also available to support you if you wish, telephone 
06 3508210 
 
Principal Researcher                                        Researcher Supervisor 
Anne Cleland                                                    Dr. Jenny Carryer 
Registered Nurse,Gastroenterology                 Professor of Nursing 
MidCentral Health                                             Massey University 
06 3508665 or 06 3290845                              06 3569099 
Anne.Cleland@midcentral.co.nz                      J.B.Carryer@massey.ac.nz 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:J.B.Carryer@massey.ac.nz
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Appendix 2              (Massey letter head went here) 
 

Does Carbon Dioxide Insufflation During 
Colonoscopy Minimise Post Colonoscopy Pain? 

 
 CONSENT FORM 

 
This consent form will be held for a period of ten (10) years 

 

• I have read the Information Sheet and have had the opportunity to discuss this study.  My 

questions have been answered to my satisfaction, and I understand that I may ask further 

questions at any time. 

• I understand that taking part in this study is voluntary ( my choice) and that I may withdraw 

from  the study at any time and this will in no way affect my health care. 

• I understand that my participation in this study is confidential and that no material, which 

could identify me, will be used in any reports on this study. 

• I understand that the investigation will be stopped if it should appear harmful to me 

• I understand the compensation provisions for this study. 

• I have had time to consider whether to take part. 

• I know who to contact if I have any questions about the study. 

 

I agree to participate in this study under the conditions set out in the Information Sheet. 

 

 

Signature:  Date:  
 
Full Name - printed  
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Appendix 3         (Massey letter head went here)  

Does Carbon Dioxide Insufflation During 
Colonoscopy Minimise Post Colonoscopy 
Pain? 
 
Dear …………...        
Thank you for taking part in this research. While undergoing your 
recent colonoscopy you received………........ 
 
My Name is Anne Cleland. I am a registered Nurse in the Gastroenterology 
Department at MidCentral Health. Starting mid July 2008 and finishing mid January 
2009 I carried out a study (Randomised Controlled Trial) on the use of Carbon 
dioxide during colonoscopy. I was supported by the other department doctors and 
nurses. There is evidence internationally that the use of carbon dioxide gas (CO2) 
to insufflate the colon instead of air can reduce abdominal pain after the 
examination. The aim of this research was to find out if this is true in our New 
Zealand setting.  
 
Recruitment and Involvement 
You were one of 205 patients who consented to take part in the trial. All the 
participants randomly received either air or gas during the colonoscopy. Soon after 
the procedure and before you were discharged your nurse asked if you were 
experiencing any abdominal pain. The next day a nurse may have contacted you 
about any discomfort that may have occurred after discharge.  
 
Results 
The outcome of the research showed that after the colonoscopy there was a clear 
reduction of pain experienced by the people who received CO2.  As a 
consequence, CO2 insufflation during colonoscopy is now the standard method 
used at MidCentral Health. I will write a research report by December 2009 which 
will be available for those who wish to read it and study findings will be submitted to 
health service journals. Your name or any identifying detail will be not be used in 
any reports on this study. 
 
Once again, thank you very much in taking part in this trial. You have been involved 
in improving the experience of colonoscopy for MidCentral Health patients and also 
nationally as the use of CO2 is now being considered by other hospitals in New 
Zealand. 
 
Regards 
 
Anne Cleland, RN 
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Principal Researcher                                        Researcher Supervisor 
Anne Cleland                                                    Dr Jenny Carryer 
Registered Nurse, Gastroenterology                Professor of Nursing 
MidCentral Health                                             Massey University 
06 3508665 or 06 3290845                              06 3569099 
Anne.Cleland@midcentral.co.nz                      J.B.Carryer@massey.ac.nz 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:J.B.Carryer@massey.ac.nz
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Appendix 4 
 
Carbon Dioxide Insufflation during Colonoscopy  Minimises Post 
Colonoscopy Pain: A Randomised Controlled Trial 

Gastroenterology Department Research 2008 
Anne Cleland, RN 

The purpose of this trial is to establish that carbon dioxide (CO2), instead of 
air, insufflated during colonoscopy reduces pain experienced by patients 
post colonoscopy. A randomised, double blinded controlled trial with 
consecutive consented patients referred for elective colonoscopy will be 
undertaken at MidCentral Health Gastroenterology Department. Patients 
will be randomized to either colonic insufflation with air or CO2. A 
comparison of pain will be undertaken. During colonoscopy, air is the 
standard gas used to insufflate the colon. This commonly results in 
distension of the colon and subsequent pain. CO2 is claimed to be an 
effective and safe gas to achieve insufflation, but with its rapid absorption, 
results in significant reduction in pain post colonoscopy. Improving the 
patient experience in regards to pain will contribute to better public 
acceptance of colonoscopy, maximise compliance for diagnostic and 
surveillance colonoscopy and reduce recovery time.  

 
Dear                            
 
 
Thank you for being willing to take part in the carbon dioxide (CO2) trial that our 
department is planning to undertake. We will commence trial early in July. I will let you 
know the exact starting date soon. We will enrol 200 patients, to ensure statistically 
significant statistics. (15% difference in pain score between air and CO2). This may 
take 3-4 months to complete.  
 
To assist this trial please read the following enclosed in formation that explains the trial 
method and process that will need to take place to keep the trial `rigorous`. Also 
attached is a copy of the patient information and consent form. Please ask myself or 
Dr Herbert if you have any questions. I am anticipating that there will be minor aspects 
of the trial that will need to be adjusted as we make a start. We will do a dummy run in 
the next week or two to try to iron out the practical issues before the first patient. 
 
Undertaking a trial of a method to potentially relieve patients pain will be of huge 
benefit to not only our patients, but will benefit yourself as you become involved in 
research. The department itself will gain as we are the first in the country to use CO2 
and the trial will therefore impact nationally. Who knows, if the trial methods are 
rigorous, we can report internationally too!   
Thank you, in anticipation, for your part in achieving this 
 
Signed 
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Roles for the CO2 trial:  
(Please be familiar with yours and others. Ensure pt confidentiality at all times) 
 
Ask Anne Cleland or Dr Herbert if you have any questions 
 
Reception/booking clerk:  

• Sending information letter and consent forms (see attached) along with 
colonoscopy appointment to all out patients that have at least 1-2 weeks to 
think about taking part (ie no IPs and no acutes arranged at short notice). 
Take note of exclusion criteria ie do not send trial forms to anyone younger 
than 16 and older than 90 or to anyone known to you that will not 
understand English. (The nurses will double check this when the pt arrives. 

• Forward phone calls to Anne, or take messages as appropriate, for patients 
that have questions about the trial.  

Medical Secretary: 
• Forward trial questions to Anne as above. 
• Anne will be taking Gastro nursing record and loading some detail (data 

collected) into computer before they come to you for filing in notes. Trial 
consent forms will not go in notes. They will be stored (by Anne) in a locked 
cupboard in charge nurses office.  

Patient Nurses:  
• At time of pt assessment confirm pt participation or exclusion. Keep consent 

form on clip board. Reassure pt and answer any questions they may have. If 
they haven’t already signed consent form and want to do so now this is ok. 

• Assess suitability of pt for trial as per exclusion criteria ie pts with severe 
COPD, inability to understand English, < 16 or > 90 yrs. Ask Endoscopist for 
advice as necessary.  

• Inform theatre nurse of trial participant consent prior to pt going into room. 
• You will need to remain `blind` to what gas is being used so there is no risk 

of influencing the pt when asking their 0- 10 pain score. 
• Record pts self report pain score @ 10, 30 and 60 minutes post 

colonoscopy. Ask Pts : “Can you tell me if you are in pain or 
discomfort? Zero to ten, with 10 being the worst pain you could 
imagine and zero being no pain.” Explain to the patient prior to their 
procedure about your plan to ask them about any pain/discomfort they may 
or may not have. 

• Ensure participants understand they need to be contacted in 24 hours and 
phone details are confirmed. 

• Ensure Anne gets all gastro nursing records of trial pts prior to them going 
into pt notes. The trial data (Pts demographics, pain scores and gender) will 
be entered onto computer program for analysis later. 
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Doctors:  
• Carry on your endoscopist practice as usual! 
• You will need to be `blind` to what gas is being used. 

Endoscope Technicians: 
• Ensure that a clean CO2/ water bottle is available every day.  

Theatre Nurse:  
• Confirm which pts are taking part in trial and place bradma onto ` Research 

list`. Open envelope with their number and turn on appropriate gas. Ensure 
that this is done in a way where no one else in room is aware of gas being 
used!  

• Ensure that a spare full CO2 cylinder is always available for each session. 
Pharmacy: 

• CO2 is classified as a drug  and so pharmacy is supporting this trial 
• Helping with the randomisation of patients. Setting up the envelope system. 

They have the master numbered research list that states what gas was used  
Anne Cleland, RN and Dr Andrew Herbert: 

• Collect and load data into computer and analyse  data 
• Store all trial data and consent forms in locked drawer in charge nurses 

office. 
• Oversee the trial. Anticipate and fix any glitches!  
• Support and coach the team until completion 

 
Patient/Participant 

 
 
 

 
 
 

Reception 

Pre assessment 
(confirm consent) 

Inform theatre 
nurse 

Procedure 
(Blind nurse, 

D/C 

Pain @ 24 
hrs 

Recovery 
Pain @10, 30, 60 min 
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CO2 Trial Methods: 
 
Design: A randomised, double blinded controlled trial comparing the effects from 
either carbon dioxide or air on pain post procedure will be undertaken with 
consecutive consented patients.  
 
Informed Consent: All eligible patients are provided, by mail, an appointment date 
and time, letter of explanation about research and a consent form. They arrive with 
their consent form filled out, at appointment time. Patient is assessed on arrival 
and eligibility re confirmed. Patients who are excluded as per exclusion criteria or 
decline participation in trial will receive standard treatment of air. 
 
Exclusion Criteria: Age under 16 or over 90.Inability to understand participant information. 
Patients with severe chronic obstructive pulmonary disease (COPD). Refusal of 
participation. 
 
Blinding: Patient, endoscopist and all nurses. The endoscopy assistant in charge of 
the procedure room for that session who will be responsible for switching the gas. 
Gas unit will be covered.  
 
Endoscopist: All 4 of department endoscopists will take part in the trial. All have 
had extensive experience, ranging from 15-25 years. There is expected to be one 
or two trainee endoscopist, under the supervision of the endoscopists, undertaking 
the colonoscopies of a minority of the participants. This is normal department 
practice at MCH, a training hospital.   
 
Sedation/Analgesia: Will be given as per endoscopist discretion.  Midazolam 2-5 
mg, Fentanyl 25-100 mcg and Hyoscine 10-20mg are commonly administered.  
 
Outcome Measures: The main outcome measure will be pain. Other outcome 
measures will be length of recovery time, patient demographics, complication rate.  
 
Measurement: Pain: At 10 minutes, 30 minutes and 1 hour after procedure patient 
will be asked to score their pain on a 10 point Visual Analogue Scale (VAS). At 24 
hours later the patient will be phoned and will be asked to verbally score their pain 
with a 0-10 pain scale. Arrangements will be made prior to discharge for contact 
phone plan/text/email, to capture pain scale at 24 hours. 
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Appendix 5                      1.Mauchly`s Test of Sphericity: 

Table One: Mauchly's Test of Sphericityb
 

Measure:MEASURE_1 

Epsilona
 Within 

Subjects 

Effect Mauchly's W 

Approx. Chi-

Square df Sig. 
Greenhouse-

Geisser Huynh-Feldt 

Lower-

bound 

time .186 337.547 5 .000 .514 .520 .333

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is 

proportional to an identity matrix. 

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are 

displayed in the Tests of Within-Subjects Effects table. 

b. Design: Intercept + CO2CAirA  

Within Subjects Design: time 
2. Levenes Test of Equality of Error Variances: 

Table Two:Levene's Test of Equality of Error Variancesa
 

 F df1 df2 Sig. 

Pain Score @ 0 min .003 1 202 .957

Pain Score @ 10 min 60.860 1 202 .000

Pain Score @ 30 min 60.876 1 202 .000

Pain Score @ 60 min 36.826 1 202 .000

Tests the null hypothesis that the error variance of the dependent variable is equal across groups. 

a. Design: Intercept + CO2CAirA  

 Within Subjects Design: time 

 
3. Boxes Test of Equality of Covariances Matrices: 

 
Tests the null hypothesis that the observed covariance matrices of the 

dependent variables are equal across groups.         

Box's M 181.256

F 17.737

df1 10

df2 189012.440

Sig. .000

 
 
 
 
 
 
 
 



  96 
 

Appendix 6 

Between: Main Effect for Group 

Table Seven:Tests of Between-Subjects Effects 

Measure:MEASURE_1 

Transformed Variable:Average 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Partial Eta 

Squared 

Intercept 2164.151 1 2164.151 261.062 .000 .564

CO2CAirA 143.935 1 143.935 17.363 .000 .079

Error 1674.539 202 8.290    
 

      

Table Seven:Tests of Between-Subjects Effects 

Measure:MEASURE_1 

Transformed Variable:Average 

Source 

Type III Sum of 

Squares df Mean Square F Sig. 

Partial Eta 

Squared 

Intercept 2164.151 1 2164.151 261.062 .000 .564

CO2CAirA 143.935 1 143.935 17.363 .000 .079

Error 1674.539 202 8.290    

Table Eight:Multivariate Testsb
 

Effect Value F Hypothesis df Error df Sig. 

Partial Eta 

Squared 

Pillai's Trace .586 94.189a
 3.000 200.000 .000 .586 

Wilks' Lambda .414 94.189a
 3.000 200.000 .000 .586 

Hotelling's Trace 1.413 94.189a
 3.000 200.000 .000 .586 

time 

Roy's Largest Root 1.413 94.189a
 3.000 200.000 .000 .586 

Pillai's Trace .052 3.644a
 3.000 200.000 .014 .052 

Wilks' Lambda .948 3.644a
 3.000 200.000 .014 .052 

Hotelling's Trace .055 3.644a
 3.000 200.000 .014 .052 

time * 

CO2CAirA 

Roy's Largest Root .055 3.644a
 3.000 200.000 .014 .052 
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CO2 ( C) /Air (A) * Pain Score @ 10 min Crosstabulation 

   Pain Score @ 10 min 

   0 1 2 3 4 5 6 7 8 9 Total 

Count 57 6 7 5 6 8 4 2 0 2 97 

Expected Count 70.0 4.7 6.2 3.8 3.8 4.3 1.9 .9 .5 .9 97.0 

% within CO2 ( C) /Air 

(A) 

58.8% 6.2% 7.2% 5.2% 6.2% 8.2% 4.1% 2.1% .0% 2.1% 100.0%

% within Pain Score @ 

10 min 

38.5% 60.0% 53.8% 62.5% 75.0% 88.9% 100.0% 100.0% .0% 100.0% 47.3% 

A 

% of Total 27.8% 2.9% 3.4% 2.4% 2.9% 3.9% 2.0% 1.0% .0% 1.0% 47.3% 

Count 91 4 6 3 2 1 0 0 1 0 108 

Expected Count 78.0 5.3 6.8 4.2 4.2 4.7 2.1 1.1 .5 1.1 108.0 

% within CO2 ( C) /Air 

(A) 

84.3% 3.7% 5.6% 2.8% 1.9% .9% .0% .0% .9% .0% 100.0%

% within Pain Score @ 

10 min 

61.5% 40.0% 46.2% 37.5% 25.0% 11.1% .0% .0% 100.0% .0% 52.7% 

CO2 ( C) /Air 

(A) 

C 

% of Total 44.4% 2.0% 2.9% 1.5% 1.0% .5% .0% .0% .5% .0% 52.7% 
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CO2 ( C) /Air (A) * Pain Score @ 30 min Crosstabulation 

   Pain Score @ 30 min 

   0 1 2 3 4 5 6 8 10 Total 

Count 59 8 12 4 4 6 1 1 1 96 

Expected Count 73.9 6.1 6.6 2.4 2.4 2.8 .9 .5 .5 96.0 

% within CO2 ( C) /Air (A) 61.5% 8.3% 12.5% 4.2% 4.2% 6.3% 1.0% 1.0% 1.0% 100.0% 

% within Pain Score @ 

30 min 

37.6% 61.5% 85.7% 80.0% 80.0% 100.0% 50.0% 100.0% 100.0% 47.1% 

A 

% of Total 28.9% 3.9% 5.9% 2.0% 2.0% 2.9% .5% .5% .5% 47.1% 

Count 98 5 2 1 1 0 1 0 0 108 

Expected Count 83.1 6.9 7.4 2.6 2.6 3.2 1.1 .5 .5 108.0 

% within CO2 ( C) /Air (A) 90.7% 4.6% 1.9% .9% .9% .0% .9% .0% .0% 100.0% 

% within Pain Score @ 

30 min 

62.4% 38.5% 14.3% 20.0% 20.0% .0% 50.0% .0% .0% 52.9% 

CO2 ( C) /Air (A) 

C 

% of Total 48.0% 2.5% 1.0% .5% .5% .0% .5% .0% .0% 52.9% 

 



   
 

 

12
0 

CO2 ( C) /Air (A) * Pain Score @ 60 min Crosstabulation 

   Pain Score @ 60 min 

   0 1 2 3 4 5 6 7 Total 

Count 68 9 6 7 3 2 1 0 96 

Expected Count 79.5 6.1 3.3 3.3 1.4 1.4 .5 .5 96.0 

% within CO2 ( C) /Air (A) 70.8% 9.4% 6.3% 7.3% 3.1% 2.1% 1.0% .0% 100.0% 

% within Pain Score @ 60 

min 

40.2% 69.2% 85.7% 100.0% 100.0% 66.7% 100.0% .0% 47.1% 

A 

% of Total 33.3% 4.4% 2.9% 3.4% 1.5% 1.0% .5% .0% 47.1% 

Count 101 4 1 0 0 1 0 1 108 

Expected Count 89.5 6.9 3.7 3.7 1.6 1.6 .5 .5 108.0 

% within CO2 ( C) /Air (A) 93.5% 3.7% .9% .0% .0% .9% .0% .9% 100.0% 

% within Pain Score @ 60 

min 

59.8% 30.8% 14.3% .0% .0% 33.3% .0% 100.0% 52.9% 

CO2 ( C) /Air (A) 

C 

% of Total 49.5% 2.0% .5% .0% .0% .5% .0% .5% 52.9% 
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