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Abstract
Background & Aims—The effect of GI endoscopy nursing experience on polyp detection is
unknown. The aim of this study was to determine whether nurse experience is associated with odds
of polyp detection.

Methods—Retrospective analysis of screening colonoscopies performed by attendings at
University of North Carolina Hospitals between August 2003 and 2005. Nurse experience was
dichotomized at 6 months. The primary outcome was polyp detection, with secondary analysis by
histologic type. Descriptive statistics, bivariate analysis, and multivariable logistic regression were
performed.

Results—Any polyp was detected in 44% of the eligible 3,631 colonoscopies. Multiple polyps were
detected in 23%, adenomas in 25%, advanced lesions in 5%, and hyperplastic polyps in 11%. Twenty-
nine nurses were employed during the study period, 19 of whom were new to endoscopy nursing.
For nurses with 6 months of experience or less, any polyp was detected in 40.3% of procedures
compared with 46.0% of procedures for nurses with more than 6 months of experience (OR 1.26,
95% CI: 1.09, 1.46). Similar results were seen for multiple polyps (OR 1.54, 95% CI: 1.29, 1.84)
and hyperplastic polyps (OR 1.47, 95% CI 1.22, 1.76) but not for adenomas (OR 1.10 95% CI: 0.93,
1.30) or advanced lesions (OR 0.99, 95% CI: 0.71, 1.36). These relationships were unchanged after
adjusting for potential confounding patient and procedure variables.

Conclusions—Procedures staffed by less experienced GI endoscopy nurses have increased odds
of not detecting polyps. Sub-analysis suggests that detection of hyperplastic polyps explains much
of this relationship.

Colonoscopy is recommended as a screening option for the prevention of colorectal cancer by
a number of national organizations.1, 2 The success of this procedure rests in part with the
reliable detection and removal of benign polyps that are precursors to malignant lesions.3, 4
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Current quality-of-care guidelines recommend that endoscopists should detect polyps in
approximately 25% of men and 15% of women based on multiple cross-sectional studies of
the prevalence of polyps in the general population.5

In addition, there has been extensive recent investigation into factors that predict polyp
detection. Polyp prevalence is greater in males than females, and increases with age in both
genders.5–8 It may also increase in obese patients or those with elevated BMI or visceral fat
levels.9–11 For optimal polyp detection, physicians must have appropriate training and
experience in colonoscopy and polypectomy and must maintain their endoscopy skills.12–15
During the procedure, adequate bowel preparation with complete mucosal visualization is
ideal, the cecum must be reached, and recent literature has highlighted the importance of a
colonoscope withdrawal time sufficient to carefully examine the colon.16–19 It is not known,
however, whether the experience level of the GI endoscopy nurse staffing the procedure is
associated with polyp detection, but it has been our clinical experience that all aspects of the
procedure may be facilitated by an experienced nurse.

Because the GI procedures unit at our center has had a high rate of nurse turnover in recent
years, we recognized that there were a set of nurses with low levels of GI endoscopy nursing
experience in whom this question could be addressed. Therefore, the aim this study was to
determine whether the experience level of GI endoscopy nurses is associated with the odds of
polyp detection during screening colonoscopy after controlling for other factors known to
influence polyp detection.

Methods
We performed a retrospective analysis of outpatient screening colonoscopies performed by
attending physicians in adult patients at University of North Carolina (UNC) Hospitals. All
procedures from August 2003 through August 2005 at our hospital-based and off-site outpatient
unit were included, with the exception of any procedure in which a fellow was involved to
minimize any trainee-effect on polyp detection rates.

We defined our main exposure variable, nursing experience, in a previous study examining the
relationship between nurse experience and other screening colonoscopy outcomes.20, 21 In
brief, for each individual nurse staffing each procedure, experience was measured in weeks
from the initial start date in any GI procedures unit (either at UNC or elsewhere) to the date of
that procedure. For the purposes of this analysis, experience was dichotomized a priori at 6
months based on the results of our past work showing that this tended to be a threshold level
for a number of performance parameters such as time to cecum, cecal intubation rate, and total
procedure time.21 Over the time course of the study, an individual nurse may have participated
in cases initially as an inexperienced nurse and in later procedures as an experienced nurse.
When two nurses were present during a procedure for training purposes (with a more
experienced nurse acting as a mentor), the case was assigned the experience level of the less
experienced nurse. At our center, GI endoscopy nurses do not perform endoscopy, but do
monitor the patient, administer sedation under physician supervision, and assist with
polypectomy and other technical aspects of the procedure. Additionally, nurses are not assigned
to a specific physician, and physicians rotate between cases and rooms in no set order.

The primary outcome of our study was any polyp detection. We used UNC Hospitals’ electronic
medical record system, as well as our electronic endoscopy databases (ProvationMD and
ProvationRN, Provation Medical, Minneapolis, MN), to extract data about polyp detection.
We recorded procedures in which any polyp was detected as well as procedures where multiple
(>1) polyps were detected. In essentially all cases when a polyp was detected, polypectomy
was also performed. We performed a secondary analysis of polyp detection per procedure by
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histologic type, including adenomas, advanced lesions (defined as size ≥ 1cm, villous
architecture, or high grade dysplasia)22, 23, and hyperplastic polyps.

Covariates of interest and potential confounding factors were obtained from the same electronic
records and included: patient age; patient gender; patient body mass index (BMI; calculated
as body weight in kilograms divided by height in meters squared) and physician-assessed bowel
preparation quality. Data on patient family history of colorectal polyps or cancer was not
available. We also measured the cecal intubation rate (which we defined as the proportion of
procedures where the cecum was reaching given that bowel preparation was adequate and that
the recto-sigmoid junction was passed, in order to eliminate cases where visualization was
precluded or cases which were immediate technical failures) and colonoscope withdrawal time
(defined as the total procedure time minus the cecal intubation time). Finally, to capture
attending physician colonoscopy volume, we recorded the total number of screening
colonoscopies that were performed (without GI fellow involvement) over the study time frame.
The attending physicians in this study were all experienced colonoscopists with > 1000
colonoscopies performed in their careers-to-date.

Statistical analysis included routine descriptive and bivariate statistics using chi-square for
comparisons between two categorical variables and t-tests for comparisons including one
continuous variable. Logistic regression with an analysis of covariance strategy was used for
multivariable analysis. Initially, a full model consisting of all potential confounding factors
was used to estimate the effect of nursing experience on polyp detection. Then, we used
likelihood ratio testing to evaluate interactions between the exposure and potential
confounders. There were no significant interactions by this test (at an a priori α level of 0.20),
so interactions terms were not included in the model. Finally, we used a backwards elimination
approach to remove covariates and assess for confounding. If a covariates’ exclusion from the
model resulted in an a priori change in estimate of less than 10% compared with the fully
adjusted model, then it was not considered to be a confounder and was left out of the final
model.

There were missing data only for 4 covariates: BMI (3.2% missing); bowel preparation quatlity
and reaching the cecum (7.4% missing for each); and withdrawal time (11.5% missing). There
was no differential pattern for the missing data between less experienced and more experienced
nurses, and missing data were excluded from bivariate and multivariate analysis.

This study was approved by the UNC School of Nursing Institutional Review Board.

Results
Patient, nurse, and procedure characteristics

A total of 3,631 screening colonoscopies were included in this study (Table 1). A full
description of the study characteristics has been previously reported.20, 21 In brief, the mean
patient age was 58 years, 58% of subjects were female, and a good or excellent bowel
preparation was reported in 78%.

Twenty-nine nurses were employed during the study period, 19 of whom were newly hired
and had not worked in a GI procedures unit previously. Overall, 1,069 of the procedures
(29.4%) were staffed by nurses with 6 months or less of GI nursing experience. Of note, during
the course of the study, a given nurse may have participated in some cases as an inexperienced
nurse and later as an experienced nurse.

Screening colonoscopies were performed by 20 different attending physicians, and the mean
physician procedure volume over the course of the study time frame was 329 ± 176
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colonoscopies. The cecal intubation rate was 93.5% and the mean withdrawal time was 11.8
± 7.7 minutes, including time taken for biopsies, polypectomies, or other maneuvers. There
was no difference in withdrawal time based on the level of nurse experience.

Polyp characteristics
At least one polyp of any histologic type was detected in 1,609 procedures (44%), and multiple
polyps were found in 23% of cases (Table 1). Of these polyps, histopathologic data were
available for 1,597 (99.3%). Adenomas were detected in 896 procedures (25%), of which 185
(5%) were advanced lesions, and hyperplastic polyps were detected in 792 procedures (22%)
(Table 1). A total of 3,666 polypoid lesions were removed (mean 2.3 polyps ± 2.0 per
procedure; range 1–25) with a mean size of 5.8 mm ± 4.8 mm (range 1–50 mm).

Bivariate analysis showed that the presence of any polyp was associated with increased age,
male sex, increased BMI, increased physician procedure volume, better quality bowel
preparation, reaching the cecum, and increased coloscopy withdrawal time (Table 2). The same
associations were seen for the detection of multiple polyps as well as for adenomas, advanced
lesions, and hyperplastic polyps (data not shown).

Polyp detection
Polyps of any histologic type were detected in 40.6% of procedures (n = 1,069) staffed by
nurses with 0–6 months of experience, but in 46.0% of procedures (n = 2,562) staffed by more
experienced nurses (p = 0.002; Figure 1). This yields an unadjusted odds ratio (OR) of 1.26
(95% CI: 1.06, 1.46). Specifically, procedures staffed by nurses with 6 months or less of GI
nursing experience had 1.26 times the odds of not detecting a polyp compared to nurses with
more experience. Similarly, multiple polyps were detected in 18.2 % of procedures staffed by
less experienced nurses and in 25.5% of procedures staffed by more experienced nurses (p <
0.001; OR 1.54; 95% CI: 1.29, 1.84; Figure 1).

On sub-analysis by histologic type, we found adenomas were detected in 23.5% of procedures
(n = 250) staffed by less experienced nurses compared with 25.3 % of procedures (n = 646)
staffed by more experienced nurses (p = 0.24). Similarly, advanced lesions were detected in
5.2% of procedures (n = 55) staffed by less experienced nurses compared with 5.1 % (n = 130)
with more experienced nurses (p = 0.93). In contrast, hyperplastic polyps were detected in
17.5% of procedures (n = 186) with less experienced nurses and in 23.7% (n = 606) with more
experienced nurses (p < 0.001). Odds ratios are presented in Table 3.

For both the primary and secondary outcomes, the multivariate analysis did not substantially
change these results (Table 3). For detecting any polyp, the OR for a model adjusted for only
physician procedure volume was 1.16 (95% CI 1.00, 1.35), essentially identical to the OR for
the model adjusted for all potential confounders including patient age, gender, BMI, bowel
preparation quality, reaching the cecum, withdrawal time, and physician procedure volume.
This indicates that the majority of confounding was due to physician procedure volume alone.
For detecting multiple polyps, the OR for the fully adjusted model was very similar to the crude
(1.56 vs 1.54), indicating little confounding. On sub-analysis by histology type, this overall
effect seemed to be explained by detecting hyperplastic lesions (ORadjusted = 1.35, 95% CI:
1.12, 1.62) as opposed to adenomas (ORadjusted = 1.03, 95% CI: 0.87, 1.23) or advanced lesions
(ORadjusted = 1.20, 95% CI: 0.77, 1.85).

Discussion
This study found that during screening colonoscopies performed by experienced attending
physicians, the odds of not detecting polyps were mildly increased in procedures staffed by
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less experienced nurses compared to procedures staffed by more experienced nurses. Further,
this effect persisted after controlling for patient, endoscopist, and procedural factors known to
be associated with polyp detection. On sub-analysis by histologic polyp type, however, this
effect seemed to be explained by increased detection of hyperplastic, rather than adenomatous,
lesions.

To our knowledge, the effect of nurse experience on colorectal polyp detection has not been
previously reported in the literature, so we are unable to compare our results directly to any
other study. Analogous studies in other procedural fields such as cardiology, interventional
radiology, or surgery have not been performed either. Our group has previously shown,
however, that GI endoscopy nurse inexperience is associated with selected colonoscopy
outcomes, including immediate procedural complications, prolonged cecal intubation times,
decreased cecal intubation rates, and prolonged total procedure times,20, 21 and these findings
would be consistent with those observed here.

How important is this finding? The absolute difference in any polyp detection between
experienced and inexperienced nurses was modest, at about 6% for any polyp and 7% for
multiple polyps. However, this does represent a 14% increase in polyp yield. More importantly,
given the large numbers of screening colonoscopies performed every day, even modest
increases in polyp yield result in very large absolute numbers of subjects in whom a polyp is
(or is not) detected. Taken from a public health context, a 6% increase in yield may result in
hundreds of thousands of subjects. Even though our increased yield was largely due to detection
of hyperplastic lesions in this study, given the recent data on the importance of detecting flat
polyps,24 there may be clinical importance to finding an increased yield of small polyps.
During our study time frame, however, it had not yet become standard to describe whether
polyps were flat or not, so we were unable to analyze this factor.

A strength of this study was the careful characterization of nurse experience. The amount of
experience nurses had in a GI procedures unit was definitively known for the newly hired
nurses during the study period (none had prior experience elsewhere). For the established
nurses, start dates were determined from employment records, and because these nurses had
more than 6 months of experience and we used a binary exposure, the chance that they were
classified correctly was high. Additionally, based on previous work we considered 6 months
to be the a priori cut point for nurse experience.21 We did perform a post-hoc sensitivity
analysis, however, looking at a number of cut-points for nurse experience, and the 6 month
point appeared to be a threshold level above which detection rates remain relatively constant
(data not shown).

Misclassification of polyp detection was unlikely. Every screening colonoscopy over the study
period was reviewed, and there were no missing data for the outcome. While the information
in electronic/clinical endoscopy databases is subject to the quality of physician entry, it is
unlikely that there were polyps that were detected but not documented; the entire goal of
screening colonoscopy is polyp detection. Another check on the quality of the data was that
polypectomy was performed for essentially every polyp detected; there were no polypectomies
documented for procedures without polyps also documented. Our primary outcome was to
focus on real-time detection of all polyps, regardless of pathologic type and size; with the
current technology and equipment in our unit, it is not yet standard practice to attempt to make
a pathologic diagnosis on optical/endoscopic appearance alone. Because this could be
considered a limitation of the study, we also were able to obtain histologic characterization of
nearly every polyp removed and to perform a sub-analysis by histology type. Overall however,
we would argue that the key clinical issue is not the size and type of polyps that were detected,
but the size and type of polyps that were missed. By definition though, because a polyp is
missed, there is no way to know the details about that polyp.
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Even though this was a single center study, findings on bivariate analysis in our data were
consistent with findings reported in the literature.6–11, 16–19 First, we found that polyp
detection was associated with male sex, increased age, higher BMI, better bowel preparation,
higher cecal intubation rates, and increased withdrawal times. Our overall polyp detection rate
of 44% is high, but certainly within the realm of clinical practice and rates reported in the
literature,25, 26 and our adenoma detection rate of 25% meets the goal set by the U.S Multi-
Society Task Force on Colorectal Cancer.5

An additional limitation of this study results from using logistic regression used to estimate
the odds ratio (OR). When the outcome of interest is common, as it is here, the OR tends
overestimate the risk ratio (RR).27 To assess this, we performed a sensitivity analysis using
alternative methods (ie binomial regression) to estimate the RR and our results were not
substantially changed. This is likely because the overall magnitude of effect, particularly after
controlling for confounding factors, is relatively modest. A final limitation was this study’s
retrospective design; definitive evidence to support our findings would require a prospective
trial.

Our results confirm the common sense expression that “two pairs of eyes are better than one,”
which is probably the most straightforward way to interpret our results. Nurses who are new
to a GI procedures unit may not initially know how to recognize the endoscopic appearance of
polyps or may not feel confident in pointing out a possible finding that the colonoscopist may
not have seen. They may also be more focused on performing their responsibilities during the
procedure such as sedation, monitoring, and assisting with biopsies or polypectomies than on
watching for findings on the monitor. Conversely, more experienced nurses may be more
comfortable in pointing out possible findings, and are also better at multi-tasking during the
procedure. They may also be better at more effective sedation, patient positioning, or
application of abdominal pressure, all of which might help with ease of colonoscopy, cecal
intubation, and more efficient detection of polyps. These hypotheses could be evaluated in
future studies aimed at further explaining the effect observed here.

In conclusion, this study has shown that GI endoscopy nurse inexperience is associated with
increased odds of not detected polyps during screening colonoscopy compared with more
experienced nurses, and that this relationship holds even after adjusting for patient, procedural,
and physician factors associated with polyp detection. However, on sub-analysis by histologic
polyp type, this effect seemed to be explained by increased detection of hyperplastic, rather
than adenomatous, lesions. These findings may have resonance with the current trend toward
“pay-for-performance” in endoscopy reimbursement, and suggest a novel way to improve the
quality of colorectal cancer screening programs that utilize colonoscopy. Further work will be
needed to confirm our results, but if this effect is seen in other endoscopy units, GI endoscopy
nurses training paradigms may need to be altered to help maximize rates of polyp detection.
For example, perhaps multimedia visual aids, similar to those already available for
endoscopists, could be part GI endoscopy nurse training as well. Additionally, focusing on
procedures staffed by less experienced nurses, perhaps by alerting physicians, slowing down
withdrawal times, or adding additional nurse support, may increase polyp detection rates and
further improve the quality of screening colonoscopy.
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Figure 1.
Polyp detection be level of nurse experience. Light gray bars indicate the proportion of
screening colonoscopies in which any polyp is detected. Black bars indicate the proportion of
procedures in which multiple (>1) polyps are detected. Analysis is show by level of GI
endoscopy nurse experience (0–6 months vs > 6 months) for 3,631 screening colonoscopies
performed by attendings at UNC Hospitals. Statistical testing performed with Chi-square.
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Table 1
Selected patient, nurse, and colonoscopy characteristics

Patient characteristics Number (%) or mean

Mean age (years ± SD, range) 58.4 ± 9.5 (21–90)
Males 1,533 (42.2)
BMI
 < 25 (normal) 1,279 (35.2)
 ≥ 25 and < 30 (overweight) 1,265 (34.9)
 ≥ 30 (obese) 971 (26.7)
 Not reported 116 (3.2)

Nurse characteristics

Total number of nurses during study period 29
Number of nurses at the beginning 10
Number of nurses at the end 15
GI endoscopy nurse experience
 0 – 6 months 1,069 (29.4)
 > 6 months 2,562 (70.6)
Procedures with two nurses present 347 (9.6)

Colonoscopy characteristics

Total number of screening colonoscopies during study period 3,631
Location of procedure
 Hospital-based unit 2,383 (65.6)
 Off-site unit 1,248 (34.4)
Mean physician procedure volume (± SD, range) 329 ± 176 (11–554)
Bowel preparation quality
 Excellent 1,449 (39.9)
 Good 1,372 (37.8)
 Fair 428 (11.8)
 Poor 84 (2.3)
 Unsatisfactory 31 (0.9)
 Not reported 267 (7.4)
Cecal intubation rate (%)* 93.5
Mean withdrawal time (minutes ± SD, range) 11.8 ± 7.7 (1.8 – 99.1)
Polyp detection by procedures
 Any polyp detected 1,609 (44.3)
 Multiple polyps (any type) detected 846 (23.3)
 Adenomas detected 896 (24.8)
 Advanced lesions detected† 185 (5.1)
 Hyperplastic polyps detected 792 (21.9)
 Other lesions detected‡ 397 (11.0)

*
Defined as the rate for cases with adequate bowel preparation in which the rectosigmoid junction was passed; this excludes 74 cases where the cecum

was intubated with a poor or unsatisfactory bowel preparation where the examination was deemed to not adequately evaluate the colonic mucosa.

†
Defined as defined as size ≥ 1cm, villous architecture, or high grade dysplasia.

‡
Other lesions included inflammatory polyps, lymphoid nodules, carcinoid tumors, and normal colonic mucosa.
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Table 2
Bivariate associations between polyp detection and selected study characteristics

Characteristic Procedures with any polyp detected

n % or mean (± SD) p value*

Mean age
 No polyp detected 2,022 58.0 ± 9.45 0.02
 Any polyp detected 1,609 58.8 ± 9.46
Sex
 Male 1,533 50.4 < 0.001
 Female 2,098 39.9
Body mass index (mg/kg2)
 < 25 (normal) 475 37.1 < 0.001
 ≥ 25 and < 30 (overweight) 601 47.5
 ≥ 30 (obese) 490 50.5
Location of procedure
 Hospital-based unit 2,383 38.9 < 0.001
 Off-site unit 1,248 54.7
Mean physician procedure volume
 No polyp detected 2,022 307 ± 174 < 0.001
 Any polyp detected 1,609 357 ± 174
Bowel preparation quality
 Excellent 1,449 50.4 < 0.001
 Good 1,372 43.0
 Fair 428 41.4
 Poor 84 32.1
 Unsatisfactory 31 16.1
Cecal intubation rate†
 Cecum not reached 219 37.9 0.02
 Cecum reached 3,145 46.0
Mean withdrawal time
 No polyp detected 1,774 9.1 ± 4.8 < 0.001
 Any polyp detected 1,439 15.0 ± 9.2
GI endoscopy nurse experience
 0 – 6 months 1,069 40.3 0.002
 > 6 months 2,562 46.0

*
Tests based on chi-square for categorical variables and t-test for continuous variables.

†
Defined as the rate for cases with adequate bowel preparation in which the rectosigmoid junction was passed.
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Table 3
Multivariate analysis of nursing experience and polyp detection*

OR (95% CI)

Primary outcomes:
For any polyp detected
 Crude estimate 1.26 (1.09, 1.46)
 Fully adjusted model† 1.15 (0.95, 1.40)
 Minimally adjusted model‡ 1.16 (1.00, 1.35)
For multiple polyps detected
 Crude estimate 1.54 (1.29, 1.84)
 Fully adjusted model† 1.56 (1.23, 1.97)
 Minimally adjusted model‡ 1.39 (1.16, 1.67)
Secondary outcomes:
For adenomas
 Crude estimate 1.10 (0.93, 1.30)
 Fully adjusted model† 1.03 (0.87, 1.23)
For advance lesions
 Crude estimate 0.99 (0.71, 1.39)
 Fully adjusted model† 1.20 (0.77, 1.85)
For hyperplastic polyps
 Crude estimate 1.47 (1.22, 1.76)
 Fully adjusted model† 1.35 (1.12, 1.62)

*
Multivariate analysis performed using logistic regression with an analysis of covariance strategy; ORs represent the odds of not detected polyp(s) in

procedures staffed by nurses with 0–6 months of GI endoscopy nursing experience compared with nurses with > 6 months of experience.

†
Adjusted for age, gender, bowel preparation, body mass index, reaching the cecum, colonoscopy withdrawal time, and physician procedure volume

during the study time frame.

‡
Adjusted for physician procedure volume only.
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