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Introduction 

Colonoscopy is the preferred technique for colorectal 
cancer (CRC) screening and diagnosing disorders of the lower 
gastrointestinal (GI) track [1]. Adequate bowel preparation is 
essential for identification of colonic polyps and malignant lesions 
[2]. Although colonoscopy was initially billed as being a procedure 
that was “easy to prepare for” shortly after its introduction in the 
early 1970s, the burden of suboptimal bowel preparation persists 
despite advancement in purgative techniques [1,3]. The portion 
of inadequate bowel prep has been shown to be as high as 30% 
of colonoscopies in large safety net health care systems [4].  In 
addition to potentially missing significant precancerous and 
cancerous lesions, inadequate bowel preparation also increases 
healthcare expense and lost productivity as it requires colonoscopy 
be repeated at shorter intervals with varying degrees of inadequacy 
[5-6]. 

Previous research suggests that gender, marital status, 
compliance with bowel prep and dietary restrictions prior to 
colonoscopy, split dose bowel preparation, and runaway time all 
play a role in quality of bowel preparation [7]. The medical field 
recently has focused on patient experience as a quality metric, 
affecting many aspects of practice including reimbursement 
[8]. Hatoum et al. [9] showed that patient-reported satisfaction 
of bowel-cleansing preparations is predictive of higher future 
acceptability of future procedures but did not show an associated 
improvement in bowel prep quality. The aim of our study was to 
assess whether the patient experience was associated with bowel 
prep quality. We also sought to identify if there were aspects of the 
pre-procedural clinical encounter and bowel preparation education 
process that were associated with suboptimal bowel prep in order 
to improve the process for future encounters. 

Abstract

Suboptimal bowel preparation (prep) leads to shorter interval colonoscopy time, missed lesions, and increased healthcare costs. The aim of this 
study was to assess whether the patient’s experience was associated with bowel prep quality. A single center retrospective analysis was performed 
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Methods

Study Design

We performed a single center retrospective analysis of patients 
who had recently undergone outpatient colonoscopy at an urban 
safety net hospital. The study surveyed 200 patients who had 
undergone outpatient colonoscopies for various indications from 
May 2016 to July 2016, 100 of which had documented adequate and 
100 who had documented suboptimal bowel preparation. Patients 
were identified using the endoscopic procedure documentation 
software Provation® MD. The most recent patients from each group 
who had completed colonoscopic evaluation were contacted and 
asked to participate in a phone survey. Exclusion criteria included 
procedures performed on patients younger than 18 years old, 
hospitalized patients, an inability to contact patients, procedures 
that were terminated for reasons unrelated to bowel preparation 
adequacy, and patients who declined to participate in the study. 
Documentation of bowel prep adequacy was done with either 
subjective qualifiers documented by the endoscopist known as the 
Aronchick scale or utilizing the Total Boston Bowel Preparation 
Scale Score (TBBPS) [10,11]. Colonoscopies were considered 
adequate if they had the following qualifiers documented; 
“adequate”, “excellent”, and “good” or those with TBBPS ≥5. “Fair”, 
“poor”, “inadequate”, and those with TBBPS <5 documented were 
considered suboptimal bowel preparation. The most commonly 
used preparations included sodium phosphate (Suprep® bowel 
prep kit) and 4L polyethylene glycol 3350 solution (GoLYTELY®).  
The patients were instructed to take their bowel preparation in a 
split dose formulation. 

Data Collection

Demographic data collected included patient’s age, gender, 
height, weight, body mass index (BMI), ethnicity, marital status, 
American Society of Anesthesiologists (ASA) classification score, 
and insurance carrier. The referring provider seen during the 
pre-procedural clinic visit, type of bowel prep used, documented 
use of additional laxatives, opiate analgesics, and history of 
chronic constipation was also collected. Procedural data collected 
included indication, bowel prep score, significant complications, 
location performed, and time of day the procedure was performed. 
Procedural findings collected included the presence of adenomas, 
advanced adenomas (>1cm, villous histological component), and 
colon cancer. Endoscopic suites where procedures were performed 
were dedicated to either endoscopist directed conscious sedation 
or anesthetist-directed anesthesia. The time the procedure was 
performed was subdivided into morning and afternoon categories. 
The insurance carrier was broken down into four categories based 
on who was the primary payer; underinsured, Medicaid, Federal, 
and Commercial insurance. The underinsured group includes 
those patients receiving charity care or are covered through “City 
Contract” a safety net program to provide care to local residents 
who are underserved and otherwise uninsured [12]. The referring 
provider was considered the medical provider who evaluated 
the patient during the pre-procedural clinic visit and ordered the 
colonoscopy. The category was subdivided into GI fellow physician, 

GI attending physician, GI specialized nurse practitioner (NP) or 
physician’s assistant (PA), and primary care provider (PCP).

Phone Survey

Patients who met the inclusion criteria were contacted and 
read a standard dialogue informing them about the study and 
verbal consent was requested to participate. Those who elected 
to proceed were asked 15 questions regarding their bowel 
preparation experience. A telephone interpreter was used for those 
with a language barrier. 

Statistical Analysis

Continuous variables were summarized using means ± 
standard deviations, and analyzed using Wilcoxon’s rank sum test 
(a non-parametric test). Categorical variables were described using 
counts and percentages, and analyzed using Fisher’s exact tests.  
The best subset selection method was performed to assess the best 
predictive model of adequate prep quality. This method finds the 
best models containing one variable, two variables, three variables, 
and so on, up to the single model containing all of the independent 
variables. The criterion used to determine the “best” subset is 
based on the global score chi-square statistic. For two different 
models, each having the same number of explanatory variables, the 
model with the higher score chi-square statistic is considered to be 
better. The Akaike Information Criterion (AIC for each model was 
also compared, the model with the lower AIC is considered better. 
All analyses were performed using SAS® Version 9.4 for Windows.

Ethics

This study was approved by the institutional review board 
(IRB) at the University of Florida-Jacksonville (IRB UFJ 2015-168). 
The IRB approved a waiver of consent for medical record review 
and a modified verbal consent for the phone survey portion.  The 
study protocol was revised and updated January 2017. 

Results 

Figure 1: Reasons for exclusion flow diagram.
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We screened 277 patients who had undergone colonoscopy. 
Seventy-seven patients were excluded from analysis (Figure 1).  
Three patients were deceased at the time of the phone survey from 
causes unrelated to the procedure or sedation. One of those patients 

had succumbed to a colorectal cancer that had been diagnosed 
during their colonoscopy. 200 patients were included in the study. 
100 of those patients had documented adequate bowel preparation 
and 100 had documented suboptimal bowel preparation. 

Table 1: Demographics/baseline characteristics.

Variable Category Adequate Inadequate Overall P-Value

Gender Female 64 (55.2) 52 (44.8) 116 (58) 0.115

Male 36 (42.9) 48 (57.1) 84 (42)

Race Black 66 (56.9) 50 (43.1) 116 (58) 0.040

Other 6 (54.5) 5 (45.5) 11 (5.5)

White 28 (38.4) 45 (61.6) 73 (36.5)

Insurance Commercial 20 (41.7) 28 (58.3) 48 (24.2) 0.424

Federal 19 (57.6) 14 (42.4) 33 (16.7)

Medicaid 42 (54.5) 35 (45.5) 77 (38.9)

Under Insured 19 (47.5) 21 (52.5) 40 (20.2)

Location/Sedation Moderate sedation suites 11 (31.4) 24 (68.6) 35 (17.5) 0.025

MAC/General sedation suites 89 (53.9) 76 (46.1) 165 (82.5)

Marital status Divorced/Legally Separated 38 (50.7) 37 (49.3) 75 (37.5) 0.050

Married/Significant Other 25 (42.4) 34 (57.6) 59 (29.5)

Other/Unknown 3 (75) 1 (25) 4 (2)

Single 30 (63.8) 17 (36.2) 47 (23.5)

Widowed 4 (26.7) 11 (73.3) 15 (7.5)

Obese (BMI >30) No 43 (51.8) 40 (48.2) 83 (41.5) 0.774

Yes 57 (48.7) 60 (51.3) 117 (58.5)

Morbid Obesity, BMI >40 No 87 (53) 77 (47) 164 (82) 0.097

Yes 13 (36.1) 23 (63.9) 36 (18)

History of Chronic constipation No 83 (61) 53 (39) 136 (68) <0.001

Yes 17 (26.6) 47 (73.4) 64 (32)

Opiates No 67 (58.3) 48 (41.7) 115 (57.5) 0.010

Yes 33 (38.8) 52 (61.2) 85 (42.5)

History of prior poor/ inadequate bowel 
prep No 82 (55) 67 (45) 149 (74.5) 0.023

Yes 18 (35.3) 33 (64.7) 51 (25.5)

ASA Class 2 76 (60.3) 50 (39.7) 126 (63.4) <0.001

3 22 (32.4) 46 (67.7) 68 (34.5)

4 2 (66.7) 1 (33.3) 3 (1.5)

Referring Provider GI Fellow 10 (55.6) 8 (44.4) 18 (9) 0.879

GI Attending 7 (58.3) 5 (41.7) 12 (6)

GI NP/PA 64 (48.5) 68 (51.5) 132 (66)

PCP 19 (50) 19 (50) 38 (19)

Indication diagnostic/Therapeutic 27 (52.9) 24 (47.1) 51 (25.5) 0.902

screening 46 (48.9) 48 (51.1) 94 (47)

surveillance 27 (49.1) 28 (50.9) 55 (27.5)

Data for Adequate and Inadequate presented as n (% category)

Data for Overall presented as n (% variable)

All tests done using Fisher’s Exact Test
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The baseline characteristics of the participants and their 
associations with bowel prep adequacy for categorical variables are 
shown in Table 1. Fifty-eight percent of the study population was 
female, 58% were African American, 59% had a BMI >30, and over 
50% were either funded by Medicaid or otherwise underinsured. 
There was a significant relationship between suboptimal prep 
quality and the following: white race (p=0.04), anesthetist-directed 
sedation (p=0.025), a history of chronic constipation (p<0.001), 
documented opiate use (p=0.01), prior inadequate bowel prep 
(p=0.023), and higher ASA Class (p<0.001). There was no significant 
difference of bowel prep quality amongst the different types of 

provider assessing and educating the patient in the pre-procedure 
clinic visit, p-value= 0.879. Weight was associated with higher risk 
of suboptimal bowel prep (Table 2). The average weight of patients 
with suboptimal bowel prep was 94.9 kg compared to 88.0 kg for 
those with adequate bowel prep (p=0.041). The number of days 
from the time the patient was seen in clinic to when the procedure 
was performed also was associated with bowel preparation 
adequacy as those with suboptimal bowel preparation waited 
slightly more than 2 weeks longer for their procedure than their 
adequate prep counterparts, an average of 70.5 days compared to 
55.7 days respectively (p=0.01).

Table 2: Demographic/Baseline Characteristics -Continuous Variables.

Variable Group N Mean Std Dev Min Median Max IQR P-Value

Age Inadequate 100 58.2 9.1 22 59 82 11.5 0.974

Adequate 100 58.4 9.9 22 58 84 12.5

BMI Inadequate 100 33.4 8.4 15.0 31.5 56.7 11.4 0.087

Adequate 100 31.1 7.2 16.3 30.6 50.6 9.8

# of days waiting for 
procedure Inadequate 99 70.5 47.3 15.4 56.63 254.5 36.9 0.010

Adequate 100 55.7 34.0 13.5 49.37 170.3 42

Height Inadequate 100 1.69 0.11 1.50 1.68 2.03 0.15 0.914

Adequate 100 1.68 0.11 1.45 1.68 1.91 0.17

Weight Inadequate 100 94.9 25.7 32.7 93.0 174.1 25.0 0.041

Adequate 100 88.0 24.6 21.6 86.0 169.2 29.4

All tests done using Wilcoxon’s Rank Sum Test

Table 3: Procedure information -Prep type and findings.

Prep Quality

Variable Category Adequate Inadequate Overall P-Value

Type of bowel prep used PEG 88 (49.4) 90 (50.6) 178 (89) 0.646

Suprep 12 (57.1) 9 (42.9) 21 (10)

Miralax 0 (0) 1 (100) 1 (1)

Use of additional laxatives No 81 (54.0) 69 (46.0) 150 (75) 0.072

Yes 19 (38.0) 31 (62.0) 50 (25)

Time started AM 76 (53.9) 65 (46.1) 141 (70) 0.121

PM 24 (40.7) 35 (59.3) 59 (30)

Adenomas detected No 52 (45.2) 63 (54.8) 115 (58) 0.152

Yes 48 (56.5) 37 (43.5) 85 (42)

Advanced adenomas No 87 (48.9) 91 (51.1) 178 (89) 0.499

Yes 13 (59.1) 9 (40.9) 22 (11)

Colon cancer No 99 (50.0) 99 (50.0) 198 (99) 1.000

Yes 1 (50.0) 1 (50.0) 2 (1)

Complication no significant complication 100 (50.3) 99 (49.7) 199 (99) 1.000

significant complication 0 (0) 1 (100) 1 (1)

Data for Adequate and Inadequate presented as n (% category)

Data for Overall presented as n (% variable)

All tests done using Fisher’s Exact Test
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Bowel preparation details, timing of procedure, findings of 
procedure, and complications were also evaluated (Table 3). In this 
cohort of patients no significant differences were observed. The 
type of bowel preparation utilized, the use of additional laxatives 
did not improve bowel prep adequacy. 

Amongst the survey questions, there was a significant 
relationship between prep quality and the following: “How did 
you perceive bowel prep went?”; “Were you compliant with 
recommended clear liquid diet?”; “Did you have any nausea or 

vomiting while taking bowel prep?”; and “Was your stool clear prior 
to procedure?” (Table 4). Of the 151 respondents who felt that their 
bowel prep had gone well, 61% had adequate bowel prep. This is in 
comparison to 89% who felt that their bowel prep had gone poorly 
who had inadequate bowel prep (P<0.001). Stated compliance 
with bowel preparation timing, dosing, and completion was not 
associated with bowel prep adequacy with 53% of respondents 
answering “yes” having adequate prep compare to 62% of those 
answering “no” having inadequate bowel prep (P=0.089).

Table 4: Survey Responses. 

Prep Quality

Variable Category Adequate Inadequate Overall P-Value

Patient perceived barriers, “How did you perceive bowel prep 
went”

Not well 5 (11.4) 39 (88.6) 44 (22.6) <0.001

Well 92 (60.9) 59 (39.1) 151 (77.4)

Were bowel prep timing, method, and dietary modifications 
clearly explained to you?

No 4 (28.6) 10 (71.4) 14 (7.2) 0.164

Yes 93 (51.4) 88 (48.6) 181 (92.8)

Who explained bowel prep? Both 56 (47.1) 63 (52.9) 119 (61) 0.311

Clinic 22 (55) 18 (45) 40 (20.5)

GI lab 15 (62.5) 9 (37.5) 24 (12.3)

No one 4 (33.3) 8 (66.7) 12 (6.2)

Did you receive a handout? No 6 (50.0) 6 (50.0) 12 (6.2) 1.000

Yes 91 (50.3) 90 (49.7) 181 (93.8)

Was the handout intelligible? No 0 (0) 3 (100) 3 (1.6) 0.121

Yes 92 (51.1) 88 (48.9) 180 (98.4)

Compliant with clear liquid diet? No 14 (28.6) 35 (71.4) 49 (25) 0.001

Yes 83 (56.5) 64 (43.5) 147 (75)

Compliance with split dose prep (timing and completion)? No 17 (37.8) 28 (62.2) 45 (22.8) 0.089

Yes 81 (53.3) 71 (46.7) 152 (77.2)

Did you take multiple days of prep? No 87 (50.6) 85 (49.4) 172 (87.8) 0.828

Yes 11 (45.8) 13 (54.2) 24 (12.2)

Did you have N/V w/ bowel prep? No 84 (53.8) 72 (46.2) 156 (79.2) 0.034

Yes 14 (34.1) 27 (65.9) 41 (20.8)

Was your stool clear prior to the procedure? No 8 (16.3) 41 (83.7) 49 (25.1) <0.001

Yes 90 (61.6) 56 (38.4) 146 (74.9)

Would more information would have helped? No 92 (52.6) 83 (47.4) 175 (89.3) 0.063

Yes 6 (28.6) 15 (71.4) 21 (10.7)

Was there a language barrier? No 94 (49.5) 96 (50.5) 190 (95.0) 0.747

Yes 6 (60.0) 4 (40.0) 10 (5.0)

medical jargon? No 96 (52.2) 88 (47.8) 184 (93.9) 0.033

Yes 2 (16.7) 10 (83.3) 12 (6.1)

Did you know who to call if you had questions about bowel 
prep? No 10 (41.7) 14 (58.3) 24 (12.3) 0.514

Yes 87 (50.9) 84 (49.1) 171 (87.7)

Did you know who to call if you had questions about bowel 
prep? No 6 (60) 4 (40) 10 (5.1) 0.747

Yes 96 (52.2) 88 (47.8) 185 (94.9)

Data for Adequate and Inadequate presented as n (% category)

Data for Overall presented as n (% variable)

All tests done using Fisher’s Exact Test
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Table 5: Multivariate logistic regression analysis.

Wald
95% Wald Confidence limits

Effect DF Chi-Square Pr > ChiSq Odds Ratio Estimates

History of chronic constipation No vs Yes 1 15.846 <0.001 5.5 2.4 12.6

History of poor preparation No vs Yes 1 5.705 0.017 2.8 1.2 6.4

Question 1 Well vs Not well 1 14.876 <0.001 9.5 3.0 29.9

Question 10 Yes vs No 1 13.644 <0.001 6.6 2.4 18.0

Gender Female vs Male 1 11.573 <0.001 3.9 1.8 8.5

The logistic regression model selection found the best fit model 
contained history of chronic constipation, history of prior poor 
bowel prep, patient perceived barriers: “How did you perceive 
bowel prep went””, and “Stool clear” (Table 5).  The odds of poor 
prep are 5.5 times higher for those with a history of chronic 
constipation  (95% CI, 2.4-12.6, P<0.001); 2.8 times higher for those 
with a history of poor prep (95% CI, 1.2-6.4, P=0.017); 9.5 times 
higher for those perceived prep did not go well (95% CI, 3-29.9, 
P<0.001), 6.6 times higher for those who did not report clear stool 
(95% CI, 2.4-18, P<0.001), and 3.9 times higher for males (95% CI, 
1.8-8.5, P<0.001).

Discussion

In this study, we examined the patient’s experience with bowel 
preparation and its relationship with bowel prep quality. We also 
examined other known risk factors of suboptimal bowel prep in 
order to assess their effect on the results.  Patients who perceived 
their bowel prep went well and denied nausea or vomiting had 
improved bowel prep quality. Although the sample size was small, 
there was no difference in quality among different purgative agents 
used. This suggests that tolerance of the chosen purgative may be 
more important than the purgative used. This is consistent with 
previous observations that showed that poor tolerability resulted 
in lower quality bowel preparation [13]. Previous studies have 
also shown that alternatives to PEG may be better tolerated [14]. 
Therefore, we would recommend providers consider patient’s prior 
experience and expected tolerability when prescribing purgative 
medication. 

Patients who reported compliance with a clear liquid diet 
also had improved bowel prep quality, suggesting that dietary 
noncompliance accounts for a portion of the suboptimal bowel 
preparation burden experienced at our facility and similar 
populations undergoing elective colonoscopy. Patient’s reported 
compliance with the bowel prep instructions and split dose timing 
did not appear to be predictive of bowel prep adequacy. However, 
previous literature has shown reporting a failure to adequately follow 
instructions is an independent predictor of an inadequate colonic 
preparation [15]. The same study also hypothesized a significant 
portion of those reporting compliance with prep instructions may 
not be compliant. Patient under reporting of compliance may be the 
cause of the discrepancy between the study findings and literature. 
There was no significant difference seen in outcome based on the 
type of provider that saw the patient during the pre-procedure 

clinical visit. Use of medical jargon and language barrier were 
also not identified as a barrier to optimal bowel preparation as 
evidenced by the patient survey results. Patients in the study who 
had suboptimal prep waited an average of approximately 2 weeks 
longer from the time they were seen in clinic until there procedure 
was performed. This indicates pre-procedure waiting times for 
colonoscopy are more important factors in bowel prep quality than 
the pre-procedure clinical encounter setting. This additional time is 
likely also leading to noncompliance as patients forget instructions. 
This appears to be occurring despite efforts in clinic to combat it as 
evidenced by 93.8% of patients recalling reception of a handout, 
>98% of which though it was easy to understand, and reminder 
calls by the nursing staff routinely the week prior to scheduled 
colonoscopy appointments. Efforts should be made to minimize 
waiting times for procedures to help counteract this effect. There 
was no difference noted in adenoma detection, advanced adenoma 
detection, or presence of CRC however this is likely secondary to a 
small sample size. 

Several known patient specific risk factors for suboptimal 
bowel prep were observed to have statistically significant effects 
on bowel prep quality, including patients with a history of chronic 
constipation, opioid use, history of prior poor prep, and higher 
ASA class. Patients who use opiate analgesia and have chronic 
constipation are thought to have impaired colonic motility which 
makes preparation difficult. Age did not appear to play a significant 
factor suggesting that medical comorbidities and physical condition 
plays a bigger role in ability to prepare for colonoscopy than age 
alone. This is consistent with previous literature hypothesizing 
that lower performance status may result in a relative inability to 
be compliant with prep instructions.15 In the logistic regression 
analysis men were 3.9 times more likely to have suboptimal bowel 
prep when compared to women. This may also reflect a problem 
with compliance as men have previously been shown to be less 
compliant than women [16]. Patient’s weight independent of 
BMI also was predictive of suboptimal bowel prep. Obesity is a 
previously reported risk factor for inadequate bowel prep.17 The 
observation that weight is associated with suboptimal prep is an 
important one as it illustrates a problem as Americans and citizens 
of the world become heavier.   

The study has several limitations which originate from the study 
design. Data retrieval was retrospective in nature and relies on data 
input from a variety of providers including nursing staff, physician 
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extenders, GI fellows in training, and GI attending physicians. The 
phone survey portion of the study is limited by possible recall 
bias which may influence the results. The generalizability of this 
study may be limited to similar patient populations and clinical 
settings. The observations were made in a large academic safety 
net hospital. The small sample size may have not been adequate to 
show significant effect from previously described independent risk 
factors for suboptimal bowel preparation [17]. 

Conclusion

The goal of this study was to assess how the pre-procedural 
patient experience effected bowel prep quality during colonoscopy. 
We showed patients perception of the preparation process, 
tolerability of bowel preparation, the length of pre-procedure wait 
time, and compliance with pre procedure clear liquid diet all have 
significant effects on bowel prep quality. The study reaffirmed 
that certain patient-specific factors place patients at higher risk 
of suboptimal bowel preparation for colonoscopy. Patients with 
history of chronic constipation, history of poor prep, and male 
gender had a significantly higher association with inadequate 
bowel preparation. Efforts should be made to minimize wait times, 
optimize tolerability of purgative medications, and identify patients 
at increased risk of suboptimal bowel preparation pre-procedurally 
in order to target them with additional preparation.
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