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Background: Endoscopic retrograde cholangiopancre-
atography (ERCF) is a technically demanding procedure
that can cause substantial complications. Competence in
performing ERCP and the learning curve for achieving
competence are poorly understood.

Objective: To evaluate the number of supervised ERCPs
that physicians must do to achieve procedural compe-
tence. Competence was defined as a 0.8 probability of
successfully completing specific technical components of
ERCP and an overall grading of competence as judged by
the attending physician.

Design: Prospective study.

Setting: University training program for gastroenterolo-
gists.

Participants: 17 gastroenterology fellows at various
stages of training.

Measures: Experienced therapeutic endoscopists pro-
spectively graded gastroenterology fellows during 1796
consecutive ERCPs. Fellows were graded on their overall
level of competence for the procedure and on specific
technical components of ERCP.

Results: Grading data were available for 1450 ERCPs
(81%). The number of ERCPs done before adequate skill
was achieved was 160 for cholangiography, 140 for pan-
creatography, 160 for deep cannulation of the pancreatic
duct, 120 for stone extraction, and 60 for stent insertion.
Fellows achieved overall competence after completing 180
to 200 ERCPs. The predicted probability of overall compe-
tence was 0.8 after 137 ERCPs and 0.9 after 185 ERCPs.

Conclusions: At least 180 ERCPs were required before
these gastroenterology fellows could be considered com-
petent in ERCP. This number is much greater than that
previously recommended, and these findings have sub-
stantial implications for training guidelines and issues of
competence and certification in ERCP. The methods used
to define and evaluate competence in ERCP could also be
used to assess competence in other medical procedures.
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Medical procedures should be done by compe-
tent health care providers. Competence, how-
ever, has been poorly studied and lacks clear defi-
nitions. Competence in endoscopic procedures is no
exception to this rule and has been notoriously
difficult to define. Many of the issues pertinent to
competency in gastroenterology procedures have been
reviewed by Bond (1), and the American Society for
Gastrointestinal Endoscopy has developed position
statements on training in gastrointestinal endoscopy
(2, 3). The Society initially suggested that trainees
do a minimum threshold number of procedures be-
fore having their competency assessed by the pro-
gram director (2), but they subsequently removed this
threshold number from its guidelines for endoscopic
retrograde cholangiopancreatography (ERCP) (3) in
an attempt to place less emphasis on absolute num-
bers. The primary reasons for this decision were the
Society’s belief that volume of procedures does not
necessarily guarantee technical proficiency and that
it is often not possible to determine what constitutes
a procedure in terms of the number of procedures a
trainee performs (3). For example, a trainee who is
allowed 5 minutes of procedure time during a long,
difficult ERCP is unlikely to reap the benefits af-
forded a trainee who does the entire procedure.
The total number of ERCPs done may therefore
not reflect the trainee's level of involvement in the
procedures.

A more appropriate indicator of a trainee’s tech-
nical competence would be that person's ability to
successfully complete a particular procedure, re-
gardless of the number of procedures that he or she
has done. Cass and colleagues (4) used this ap-
proach for upper endoscopy and colonoscopy. With
a reported morbidity rate of 7% to 10% (5-8) and
a mortality rate as high as 1.2% (5, 6, 8), ERCP has
one of the highest complication rates among proce-
dures routinely done by gastrointestinal endosco-

See editorial comment on pp 1003-1004.
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pists. The procedure is also technically demanding.
Mo scientific data exist to guide the development of
training guidelines for ERCP. The resources needed
to train physicians in ERCP are unknown. We
therefore studied the learning curve for ERCP by
prospectively evaluating gastroenterology fellows at
a tertiary medical center.

Methods

All ERCPs done by gastroenterology fellows at
Duke University Medical Center between July 1993
and June 1995 were included in the study sample.
Seventeen gastroenterology fellows were evaluated
at various stages of training. If a fellow had done
ERCP before the study began, this previous experi-
ence was considered in the calculation of the num-
ber of procedures done. Ten fellows had not previ-
ously done ERCP, and 7 had done a median of 73
ERCPs (range, 50 to 100 ERCPs) before the study
began.

Fellows were encouraged to read basic textbooks
on endoscopic technique and to attend regular clin-
ical conferences on endoscopy and clinical issues
pertinent to hepatobiliary and pancreatic disorders.
Seven faculty members (attending physicians) super-
vised the fellows during the study period.

The fellow initiated each procedure under the
supervision of an attending physician. The fellow
was permitted to continue the procedure for as long
as he or she was safely making progress. The at-
tending physician intervened if the patient showed
substantial or sustained discomfort, if the fellow
failed to make progress, or if the procedure was
unduly prolonged. The decision on when to inter-
vene because of lack of progress was based on the
attending physician’s assessment of whether or not
the maneuvers being done by the fellow were ap-
propriate and likely to be successful. In general, the
attending physician would allow a fellow who was
executing the procedure correctly about 10 minutes
to achieve a particular technical end point before
intervening. If the attending physician did intervene,
he or she decided whether or not to allow the

Table. Grading Scale for Overall Skill in Endoscopic

Retrograde Cholangiopancreatography®

Score Level of Competence

Skill level similar (o that of ERCP staff

Skill level of a fellow completing ERCP training
Good skills with occasional errors

Modest facility but lack of firm control
Knowledge of few basics and slow and incomplete
Unskilled and possibly dangerous

O U e L B

* ERCP = endoscopsc retrograde cholangropancreatography.

fellow to attempt a subsequent component of the
examination, such as stent insertion.

Immediately after the procedure, the attending
physician scored the fellow on various technical
components of the examination and on overall skill.
The physician also determined the percentage of
the total time of the ERCP that was done by the
fellow. All scores were grouped in blocks of 20
ERCPs. This grouping was done because not every
technical component of the examination was at-
tempted during every procedure. Selecting blocks of
20 ERCPs provided an acceptable number of data
points for most technical components.

Each fellow was graded on the following specific
technical components: cholangiography, pancreatog-
raphy, deep cannulation of the common bile duct,
deep cannulation of the pancreatic duct, stent inser-
tion, sphincterotomy, and stone extraction. Techni-
cal components were graded on a scale of 1 to 5 (1,
excellent; 2, adequate; 3, partially successful; 4,
failed; 5, no attempt). The fellow was given a rating
of “acceptable” if he or she scored 1 or 2 and was
given a rating of “failed” if the score was 3 or 4. In
the latter situation, the attending physician graded
his own performance as successful, failed, or no
attempt. Adequate skill in a particular technical
component of the examination was arbitrarily de-
fined as reflecting competency if the probability of
an acceptable score was (.8 or greater for each group
of 20 ERCPs and remained at this level for all sub-
sequent ERCPs. For the final two groups of 20, the
probability had to be 0.8 or greater for both. The
0.8 probability level was chosen arbitrarily because
of the lack of any data indicating a suitable level.
The experienced attending physicians considered
this probability to be an appropriate success rate for
fellows completing training in ERCP. After our
study began, the American Society for Gastrointes-
tinal Endoscopy independently decided to use a sim-
ilar definition (3).

The scoring for overall skill (Table) was adapted
from the grading system used previously in a study
of competency in flexible sigmoidoscopy (9). A
score of 1, 2, or 3 indicated competence for that
particular ERCP only. We decided a priori that
overall competence for ERCP would be reflected by
a score indicating competence (1, 2, or 3) in all
ERCPs in a particular block of 20. Attending phy-
sicians were given clear instructions stating that in-
ability to achieve a specific technical component of
the examination did not in its own right constitute
lack of competence. A fellow who failed one or
more components of the examination could still re-
ceive an overall score of 1, 2, or 3 if the attending
physician judged the procedure to have been tech-
nically complex and difficult. All data on the scoring
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and deep pancreatic duct cannulation. The probability reflects the chance of an acceptable score (a score of 1 [excellent] or 2 [adequate]) for all fellows
grouped according to the number of endoscopic retrograde cholangiopancreatographies (ERCPs), in blocks of 20, that each fellow had done. In each part of
the figure, n refers to the number of ERCPs in which the respective intervention was done,

sheet were subsequently entered into a computer-
ized database for analysis.

Before the study, all attending physicians were
instructed about the aim of the study, the guidelines
to use for the amount of hands-on time the trainee
would be allowed, and the manner in which the
trainee would be scored. The attending physicians
were told that to achieve a score of 1 (excellent) or
2 (adequate) for a technical component of the
ERCP procedure, the fellow had to complete that
component without assistance. Each attending phy-
sician was given the definitions for the grading of
overall competence.

The fellows entered the results of all ERCPs into
the standard endoscopy database used in the endos-
copy unit. These data were used to provide infor-
mation about the types of ERCP done during the
study.

All data were analyzed in groups of 20 ERCPs.
The technical components of the examination were
analyzed as the probability of achieving an accept-
able score (1 or 2) for all fellows within the block of
20. The 95% Cls were calculated for all data points.
The scores for overall skill were analyzed as the
mean = SE of the mean for each group of 20. The
probability and 95% CI of achieving an acceptable
score for overall skill (grade of 1, 2, or 3) were also
analyzed. A generalized linear mixed-models proce-
dure (10), which allowed a varying number of re-
peated binary measures for several persons, was

used for predicting the number of ERCPs that
would be required to reach specified levels of com-
petence in overall skill.

Results

Between 1 July 1993 and 30 June 1995, 1796
ERCPs were done. The attending physicians com-
pleted evaluation forms for 1450 ERCPs (81%). All
data were collected prospectively. Forms were not
completed when the attending physician forgot or
was too busy. The median number of ERCPs done
by the fellows was 132 (range, 57 to 186 ERCFs).
The numbers of fellows evaluated within each block
of 20 ERCPs were 10 for fellows who had done 0 to
80 and 101 to 120 procedures, 9 for those who had
done 81 to 100 and 121 to 140 procedures, 7 for
those who had done 141 to 160 procedures, 5 for
those who had done 161 to 180 procedures, and 3
for those who had done 181 to 200 procedures.

Analysis of demographic characteristics for pa-
tients in whom the ERCPs were done during the
study period showed that 155 (8.6%) had previously
had a failed ERCP, 76 (4.29%) had pancreas divisum,
78 (4.3%) had had biliary or pancreatic manometry,
and 239 (13.3%) had had biliary sphincterotomy.

The results of the evaluation of fellows’ technical
skill for cholangiography, pancreatography, deep
common bile duct cannulation, and deep pancreatic
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duct cannulation are shown in Figure 1. The num-
bers of ERCPs done before fellows achieved ade-
quate skill (as defined in the Methods section) were
160 for cholangiography, 140 for pancreatography,
and 160 for deep cannulation of the pancreatic duct.
After performing these quantities of ERCPs, the
probability of achieving an acceptable score was 0.73
(95% CI, 0.65 to 0.81) for cholangiography, 0.75
(CI, 0.66 to 0.83) for pancreatography, and 0.82 (CI,
0.64 to 1.00) for deep cannulation of the pancreatic
duct. Fellows achieved adequate skill after 60 ERCPs
for stent insertion (probability, 0.81 [CI, 0.69 to
0.93]) and after 120 ERCPs for stone extraction
(probability, 0.59 [CI, 0.35 to 0.82]). The number of
ERCPs required to achieve competent deep cannu-
lation of the common bile duct and biliary sphinc-
terotomy cannot be determined with certainty because
the upper limit of the 95% CI of the probability of
achieving an acceptable score is below the cut-off of
the 0.8 probability for one of the last two data
points. The probability of achieving an acceptable
score was (.65 (CI, 0.53 to 0.78) for deep cannula-
tion of the common bile duct after 180 ERCPs and
0.36 (CI, 0.08 to 0.65) for sphincterotomy after 160
ERCPs.

The mean overall scores are shown in Figure 2.
Three fellows did 180 to 200 procedures. Within
this range, all three fellows achieved an acceptable
score in the 7 ERCPs they performed during the
study period. Figure 2 also shows the predicted
probability of a fellow achieving an acceptable
score. On the basis of this curve, 137 ERCPs would
be required to reach a 0.8 probability of achieving
an acceptable overall score and 185 ERCPs would
be required to reach a 0.9 probability.

The percentage of time that a fellow contributed
to the procedure, as estimated by the attending
physician, was 46% (CI, 42% to 50%) after 20
ERCPs, 69% (CI, 65% to 73%) after 100 ERCPs,
and 80% (CI, 75% to 85%) after 180 ERCPs.

The attending physicians’ failure rate for the
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technical components of the ERCP when the fellow
was cither partially successful or failed (score of 3
or 4) was 13.1% for cholangiography, 10.3% for
pancreatography, 11.8% for deep cannulation of the
common bile duct, 19.8% for deep cannulation of
the pancreatic duct, 12.6% for stent insertion, 2.9%
for sphincterotomy, and 15.2% for stone extraction.
The mean (+ SD) overall score, by attending phy-
sician for all the ERCPs that physician supervised,
ranged from 2.1 = 0.70 to 3.6 = 0.97.

The probability of achieving an acceptable overall
score was analyzed for each fellow. Overall compe-
tence was reached after 120 ERCPs for two fellows
(probability, 0.95 [CI, 0.85 to 1.00]) and after 140
ERCPs for two additional fellows (probabilities,
0.84 [CI, 0.68 to 1.0] and 1.0). After 140 ERCPs,
five fellows had not achieved overall competence.

In this prospective evaluation of ERCP training,
the competence of fellows at a tertiary referral med-
ical center was studied during a 2-year period. Each
fellow was graded on the ability to successfully com-
plete various technical components of ERCP and
on overall competence in ERCP.

Our results indicate that at our medical center,
fellows must have experience with at least 180 ERCPs
to obtain an overall score that is consistent with
competency. Only three fellows reached this level of
experience. We therefore used a statistical proce-
dure (10) that considered the data from the scores
of all fellows throughout their training experience to
predict the number of ERCPs that would be re-
quired for overall competence (Figure 2). The pre-
dicted probability of obtaining an overall score in-
dicating competency was 0.9 after 185 ERCPs.

We also evaluated success in completing specific
technical components of ERCP. Proficiency in deep
cannulation of the common bile duct and sphincter-

Predicted Probability
of Achieving Acceptable Score
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Figure 2. The mean (* SE) overall score and the predicted probability of achieving an acceptable overall score. The probability reflects the
chance of an acceptable score (defined as an overall score of 1, 2, or 3, signifying overall competence) for all fellows grouped according to the number of
endoscopic retrograde cholangiopancreatographies (ERCPS), in blocks of 20, that each fellow had done. In the part of the figure that shows the mean overall
score (jeft), n refers to the number of ERCPs for which an overall score was given,

986

15 December 1996 « Annals of Internal Medicine = Volume 125 » Number 12

Downloaded From: http://annals.org/ by a Penn State University Hershey User on 05/11/2016



otomy were not achieved in the study group as a
whole because the upper limit of the 95% CI did
not consistently include the 0.8 probability level.
Deep cannulation of the common bile duct and
sphincterotomy are important technical components
of ERCP, and the former must be completed suc-
cessfully in order to do most therapeutic interven-
tions. This concept is supported by the finding that
60 ERCPs were required before a fellow could suc-
cessfully do stent insertion. Stent insertion, however,
cannot be done without deep cannulation of the
common bile duct. If the attending physician in our
study was required to do deep cannulation of the
common bile duct when a fellow failed, the attend-
ing physicians could still let the fellow attempt the
subsequent stent insertion, for which he or she
would receive a score. This technique is relatively
casy, as confirmed by the observation that after
doing 60 ERCPs, the fellows could successfully in-
sert the stent.

Data for individual fellows show that two fellows
had reached overall competence after 120 ERCPs,
whereas five had not yet done so after 140 ERCPs.
The two fellows who learned quickly were, from the
outset, planning careers in therapeutic endoscopy.
One of the five fellows who did not reach compe-
tence after 140 ERCPs had planned a career in
therapeutic endoscopy.

Competence in ERCP has received little atten-
tion in the literature, but several reviews and edito-
rials have discussed the pertinent issues (1, 11-14).
The definitions we used for competence are our
own. Are they reasonable? The definition of com-
petence in gastrointestinal procedures has tradition-
ally been based, at least in part, on the number of
procedures done (2). This definition, however,
seems to be an inadequate surrogate marker for
competence. Until recently, the American Society
for Gastrointestinal Endoscopy recommended that
trainees do at least 100 colonoscopic procedures
before their competency is assessed (2). Data from
Cass and colleagues (4) and from Marshall (15)
suggest that these numbers may be inadequate. In
Cass and colleagues’ study (4), an evaluation pro-
cess similar to ours was used to prospectively eval-
uate trainees doing colonoscopy and upper endos-
copy. The investigators found that trainees needed
to do more than the threshold numbers of proce-
dures recommended by the American Society for
Gastrointestinal Endoscopy. These data support our
finding that more extensive training is required to
achieve competence in endoscopic procedures. Al-
though the American Society for Gastrointestinal
Endoscopy stated from the outset that the numbers
they recommended were the minimum needed be-
fore competency could be assessed, use of this kind
of threshold generated more controversy than ben-

efit (11). The Society for American Gastrointestinal
Endoscopic Surgeons, for example, chose not to
observe these thresholds because it considered them
excessive (16). The current American Society for
Gastrointestinal Endoscopy recommendations for
advanced endoscopic training (including ERCP) (3),
published after our study began, no longer suggest
minimum numbers of procedures for competence.
Instead, technical competence in ERCP has been
redefined along the lines suggested in our study.
The guidelines state that “it is reasonable to expect
graduates of advanced training programs to reliably
(at least an 80% success rate) obtain access to (se-
lectively and freely cannulate) the desired duct,
without assistance” (3). According to this definition,
the numbers required to achieve competence in our
study are considerably greater than the previous
recommendation of a minimum of 100 ERCPs for
assessing competency (2). They are also significantly
greater than the median number of 50 that practic-
ing gastroenterologists believe is required to attain
competence in ERCP (17).

Although no gold standard is available for defin-
ing competence, we believe that success rates are a
move in the right direction. The success rate se-
lected can be individualized for each procedure. For
example, pyloric intubation during upper endoscopy
should be done successfully in almost 100% of pro-
cedures before a trainee is considered competent.
In ERCP, a procedure that is more technically de-
manding than pyloric intubation, the expectation for
competence must be adjusted downward. The figure
of 809, selected for our study, is in agreement with
that selected by the American Society for Gastroin-
testinal Endoscopy (3).

Our data should be interpreted with caution. For
example, we examined technical competence in
ERCP, a measure that should not be extrapolated
to overall physician competence (1, 2). Because only
three fellows had done more than 180 ERCPs, it is
difficult to firmly recommend an absolute number of
procedures that should be required for competency.
Grading of the overall score is susceptible to bias.
The mean (+ SD) score for each attending physi-
cian across all ERCPs varied from 2.1 +0.70 to
3.6 = 0.97. We did not specifically control for inter-
observer bias, but each attending physician super-
vised all ERCPs for 1 week at a time. Therefore,
the effect of an attending physician whose scores
were higher or lower than the scores of the other
attending physicians should be spread over all fel-
lows. Similarly, the potential bias associated with
the inherently subjective nature of the criteria in the
Table should be reduced if the attending physician
was consistent in his scoring criteria. This scoring
system has not been formally validated but is a
modification of a scoring system used for training in
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flexible sigmoidoscopy (9). Another potential source
of bias is that the attending physician could not be
blinded to the fellow's previous experience; when
choosing the score, however, the attending physician
was unaware of the actual number of procedures
each fellow had done. The probability of success for
the technical components of ERCP is a particularly
useful grading system: It is less susceptible to bias
because it is scored as either a success or a failure.
The acquisition of skill in these technical compo-
nents was similar to the attainment of competence
for overall skill. This finding seems to support the
validity of the data for overall skill.

Qur study was not designed to address such con-
troversial issues as who should receive training and
whether self-instruction has any role in a complex
procedure such as ERCP. The study does, however,
highlight the fact that substantial numbers of pro-
cedures are required to train fellows adequately.
Individual fellows may learn more quickly than a
group as a whole, a hypothesis that is confirmed by
the fact that two fellows achieved overall competence
after 120 ERCPs. Because no method is yet available
to predict which fellows will learn quickly, ERCP
should only be taught in centers that have sufficient
resources (including preceptors and patient volume)
to ensure that a comprehensive training experience
can be provided (11). Conversely, training programs
that lack these resources may be unable to support
a training program in ERCP. Our own training pro-
gram is being restructured to give fewer fellows
more intense training.

The implications for training guidelines and for
the allocation of resources are substantial. Proce-
dural competence is an important issue for medico-
legal reasons (12) and in maintaining high standards
of patient care. Of all procedures routinely done by
gastroenterologists, ERCP has the highest compli-
cation rate. In a recent large study (18), complica-
tions of endoscopic sphincterotomy were shown to
be related to endoscopic technique; the latter, in
turn, was shown to be associated with the number
of procedures done. Although not evaluated in the
study, technique may also be a function of the skill
and training of the endoscopist. The medical com-
munity has an obligation to ensure that ERCP is
done by competent physicians. In addition, reducing
the number of ERCPs that are “failed” or “inade-
quate” because they are done by endoscopists who
have an unacceptably low success rate will help
contain medical expenditure (11).

The methods we used to assess competence were
based on whether or not intervention was success-
ful. This concept can be used to assess educational
outcomes beyond gastrointestinal endoscopy. A sim-
ilar evaluation process could be used for procedures
ranging from lumbar puncture by the internist to

cardiac catheterization by the cardiologist. Evi-
dence-based assessment is an cffective way to com-
bat assumed competence in medical procedures.
The assumption that a physician trained in a diag-
nostic procedure can safely perform a more com-
plex therapeutic procedure is dangerous and has no
place in modern medical practice. Unfortunately,
assumed competence is not infrequent in the pro-
cedure-oriented medical specialties.

In summary, our study provides insight into the
learning curves of gastroenterology fellows training
in ERCP and indicates the number of ERCPs
needed for competence. Guidelines should be de-
veloped to indicate what constitutes an acceptable
success rate; this rate should guide the certification
process for technical competence. Training pro-
grams that lack the necessary human and technical
resources and number of procedures cannot and
should not offer fellows certifiable training in diag-
nostic and therapeutic ERCP. Our study also shows
the difficulty of correlating numbers of completed
procedures and competence. Methods of assessing
competence in medical procedures should be care-
fully evaluated on an ongoing basis. Use of evi-
dence-based standards for competence, such as sue-
cess rates, is ideal because it considers the various
learning curves of individual trainees.
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