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EUS-guided FNA of solid pancreatic masses: a learning curve with
300 consecutive procedures
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Background: The objective of our study was to assess a single operator’s learning curve with regard to the
number of passes, the diagnostic accuracy, and the complications associated with EUS-guided FNA (EUS-FNA) of
solid pancreatic masses.

Methods: The number of passes, the diagnostic accuracy, and the complication rate were prospectively
evaluated in 300 consecutive EUS-FNA of solid pancreatic masses performed by a single endosonographer over
a 3-year period. The procedures were placed into 3 groups, which contained 100 procedures each. The
endosonographer had undergone a third-tier EUS fellowship and had performed 45 supervised pancreatic EUS-
FNA during his training.

Results: Of the 300 EUS-FNA performed (median age 63 years, 64% men), no statistically significant differences
among the 3 groups with regard to age, gender, race, location, or size of the mass were found. Diagnostic
accuracy of the EUS-FNA procedure was similar over time (Group 1, 92%; Group 2, 92%; Group 3, 95%). Median
number of passes showed a decreasing trend over the 3-year study period, despite an increasing trend of the
number of procedures performed (r Z �0.14, pZ 0.42). The median number of passes was lower for Group 2
(median, 3; p Z 0.02) and Group 3 (median, 3; p Z 0.003) compared with Group 1 (median, 4). Group 3 (7/100,
7%) was less likely to encounter complications compared with Group 1 (13/100, 13%; p Z 0.24) and Group 2
(18/100, 18%; pZ 0.03). Frequency of serious complications was similar across the 3 groups (1%-3%).

Conclusions: With adequate third-tier training, a newly developed EUS program can achieve safe and accurate
results of EUS-FNA of the pancreas. The learning curve, however, needs to continue after the fellowship,
because more procedures are needed for one to gain proficiency and efficiency with EUS-FNA. (Gastrointest
Endosc 2005;61:700-8.)
EUS-guided FNA (EUS-FNA) has emerged as an
effective technique for tissue diagnosis in patients with
suspected pancreatic cancer.1-8 Like many procedures,
EUS-FNA is thought to be highly operator dependent. In
addition, EUS-FNA of solid pancreatic masses is consid-
ered by experts as the most challenging of all EUS
procedures and might need a longer learning curve to
master the technique.9 Based on expert opinion, the
American Society for Gastrointestinal Endoscopy (ASGE)
recommends that for a comprehensive competence in all
aspects of EUS, at least 150 supervised EUS procedures be
performed, with 50 EUS-FNA, and at least 75 procedures
should include pancreaticobiliary indications.10 More
specifically, the ASGE guidelines recommend that for
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pancreatic EUS-FNA competence, the trainee should be
competent to perform pancreaticobiliary EUS and should
have done at least 25 supervised FNA of pancreatic
lesions.10 More recently, Mertz and Gautam11 described
the learning curve associated with pancreatic cancer
diagnosis for a single endosonographer without formal
third-tier fellowship training in EUS-FNA. To date,
however, there are no published studies that assessed
the number of supervised procedures needed to achieve
competence with EUS-FNA of solid pancreatic masses. In
addition, the performance of newly graduating third-tier
fellows compared with expert centers has not been
studied. We, therefore, prospectively investigated the
performance of a single endosonographer over a 3-year
period to assess whether the number performed during
a third-tier fellowship was adequate and whether there
was a continued learning curve after fellowship with EUS-
FNA of solid pancreatic masses. Thus, our objectives were
www.mosby.com/gie



Eloubeidi & Tamhane EUS-FNA of solid pancreatic masses: a learning curve
to assess the number of passes, the diagnostic accuracy,
and the rate of complications encountered in 300
consecutive EUS-FNA procedures.

PATIENTS AND METHODS

The single endosonographer (M.A.E.) who performed
all EUS-FNAs in this study underwent a dedicated third-
tier EUS fellowship training. This trainee completed a
3-year GI fellowship where he met all the requirements
for general endoscopy training.12 In addition, he was fami-
liar with the use of the side-viewing duodenoscope (90
ERCPs). A total of 316 EUS procedures were performed
during the third-tier (4th year) EUS fellowship, 26% of
which included EUS-FNA of various targets lesions. Of the
total procedures performed, 226 (72%) examinations were
performed for pancreaticobiliary indications of which 45
included EUS-FNA of solid pancreatic masses. As we
established the EUS program at the University of Alabama
at Birmingham (UAB), we prospectively evaluated EUS-
FNA in 300 consecutive procedures with suspected
pancreatic cancer over a 3-year period (July 2000 to July
2003). No trainees were involved with or participated in
any of the procedures. Patients who required a tissue
diagnosis or had failed other attempts by ERCP, CT-guided
biopsy, and/or US-guided biopsy were included in this
study. The institutional review board of the UAB approved
this study. All patients provided written informed consent
to undergo the procedure. Patients were placed in the left
lateral decubitus position and were sedated with in-
travenous meperidine, midazolam and/or droperidol
according to the judgment of the endoscopist. Standard
EUS was performed by using a radial echoendoscope
(Olympus GF-UM130; Olympus America Corp, Melville,
NY) for evaluating and for staging the pancreatic lesion as
previously described.3 In addition, features of chronic
pancreatitis (CP) were recorded.13 Once a solid focal
pancreatic lesion was identified, EUS-FNA then was
performed with a curvilinear echoendoscope (UC-30P;
Olympus), as previously described.3 The smears were
reviewed immediately by a cytopathologist on site to
ensure specimen adequacy. At least 5 passes were
obtained from each target lesion unless cytology evalua-
tion performed on site confirmed the presence of
malignant cells. We used the final cytology reports in
our analysis. The cytologic diagnoses were categorized
into the following groups: positive for malignancy;
suspicious for malignancy; atypical cells, indeterminate
for malignancy; benign/reactive process; or nondiagnostic.
Final diagnosis of pancreatic cancer was defined by the
following criteria: (1) histologic evidence of pancreatic
cancer, and (2) initial malignant cytology with a clinical
and/or imaging follow-up that was consistent with the
diagnosis of pancreatic cancer, such as death from disease
or clinical progression. Lesions were considered benign if
www.mosby.com/gie
Capsule Summary

What is already known on this topic

d Endoscopic ultrasound-guided fine needle aspiration
(EUS-FNA) is increasingly used for tissue diagnosis of
suspected pancreatic cancer.

d EUS-FNA is technically challenging and
operator-dependent.

d It is not known how many EUS-FNAs of solid pancreatic
masses are needed in order to achieve competence.

What this study adds to our knowledge

d In a prospective trial of a single, third tier–trained,
endosonographer, the learning curve for EUS-FNA of
solid pancreatic masses continues after fellowship.

there was a lack of progression for at least 6 months in
conjunction with continued patient well-being. Criterion
standard for classification of disease included the follow-
ing: surgical resection, death from pancreatic cancer, and
repeat radiologic and/or clinical follow-up.

Complications were defined as any deviation from the
clinical course after EUS that was associated with the
procedure as observed by the endosonographer or the
recovery room nurses, or reported by the patients.3,14,15

Immediate (intraprocedural and in the recovery area)
complications were evaluated in all patients. An experi-
enced GI nurse, not involved in the procedure, called
patients 24 to 72 hours after the procedure as previously
described.3 Serious adverse events were defined as
oversedation that required the administration of a reversal
agent, and those events that resulted in a physician or
emergency department visit, hospitalization, or death, as
previously described.3,14,15 For the patients who could not
be successfully contacted, information was collected from
the medical records and clinic follow-up.

STATISTICAL ANALYSIS

We analyzed 300 consecutive EUS-FNA procedures (282
patients) performed over a 3-year period (July 2000 to July
2003). Each procedure was regarded as a separate data
point. The procedures were placed into 3 groups, each
containing 100 procedures. Continuous variables were
reported as means (with standard deviation) and medians
(with range). Initially, the groups were compared with
each other to examine differences related to patient
characteristics, pancreatic mass characteristics, and other
factors. The comparison was performed by using the chi-
square test for proportions or the Kruskal-Wallis test for
continuous data when the data were not normally
distributed. The outcome of interest was the EUS-FNA
associated number of passes. The outcome was reported
as a continuous, as well as a categorized variable (5 vs. 1 to
Volume 61, No. 6 : 2005 GASTROINTESTINAL ENDOSCOPY 701
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4 passes, reference category). We compared the medians
of the 3 groups with each other by using the Mann-
Whitney-Wilcoxon test, while, for the dichotomized out-
come, crude odds ratio (OR) with exact 95% confidence
intervals (CI) (with the Fisher 2-tailed exact p value) were
reported. We used the Bonferroni correction for multiple
comparisons when the 3 groups were compared for
median number of passes. The Mantel-Haenszel (MH) chi-
square test was used to examine the dichotomized
outcome data for trend.

For univariate analysis that examined the association
between the dichotomized outcome and independent
factors, we calculated crude OR with exact 95% CI, with
a corresponding Fisher 2-tailed exact test p values. The
ORs reported in the study are crude unless specified as
‘‘adjusted,’’ meaning that they arise from multivariable
logistic regression analysis by measuring the independent
effects of factors adjusted for the contributions of each of
the other factors. Factors with p % 0.25 in univariate
analysis were selected to construct logistic regression
models.

Statistical significance was set at 0.05. The analysis was
conducted with SAS statistical software (version 6.12) (SAS
Institute Inc, Cary, NC).

RESULTS

General characteristics
Mean age of the patients was 62.6 years (SD 11.7 years),

with a median of 63 years (range 33-89 years). Most of the
patients were men (64%) and white (74%). There were no
statistically significant differences among the 3 groups
with regard to age, gender, and race.

Clinical presentation, investigations, and
characteristics of mass lesions

Abdominal pain (68%), loss of weight (77%), jaundice
(44%), acute pancreatitis (10%), or early satiety (8%) were
some of the common symptoms of presentation. EUS
procedure reported changes of CP in 25% (75/300) of the
patients (Table 1). Prior tissue diagnosis was attempted in
118 patients (39%), where ERCP was the most common
(94/118) prior investigation. Malignant pathology was
obtained in 66% (194/296) of the masses on FNA reading,
whereas 25% (74/296) had benign and 9% (28/296) had
suspicious/atypical FNA cytology. (Tables 1 and 2) Four
procedures were inconclusive for a diagnosis (‘‘failed’’ or
‘‘inadequate’’). Most of the malignant masses were
primary adenocarcinomas (210/293, 72%), whereas 6%
(19/293) were other types of cancers (neuroendocrine, 13;
metastatic renal cell carcinoma, 3; metastatic melanoma,
1; malignant fibrous histiocytoma, 1; lymphoma, 1). (Table
1) The remaining 22% (64/293) had benign mass or CP
confirmed on long-term follow-up. We could not de-
termine (‘‘indeterminate’’) the final diagnosis in 4 patients
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(initial FNA being benign in two, suspicious/atypical in the
other two), whereas 3 patients were lost to follow-up
(initial FNA being benign).

We did not find significant differences between the
3 groups with regard to prior tissue diagnosis attempt,
presentation with acute pancreatitis, mass location, size of
the tumor, EUS findings of CP, FNA reading, or type of
cancer (adenocarcinoma vs. other types) (Table 1).

Accuracy and complication assessment
To determine the accuracy of diagnosis, our criterion

standard for classification of disease included the follow-
ing: surgical resection (n Z 85), death from pancreatic
cancer (n Z 83), and clinical follow-up (n Z 129);
3 patients were lost to follow-up. The median follow-up
for all patients (n Z 296) was 233 days (interquartile
range [IQR], 97-412); in addition to those lost to follow-up
patients (n Z 3), date of death was unknown in one. All of
the benign lesions by EUS-FNA had clinical follow-up
O180 days, with a median of 418 days (IQR Z 278.5-548
days). Patients lost to follow-up (n Z 3) and indetermi-
nate final diagnosis (n Z 4) were excluded for calculating
accuracy. A mass with ‘‘suspicious/atypical’’ (or malignant)
FNA reading with final diagnosis of benign mass was
considered ‘‘false positive,’’ while failed procedures with
final diagnosis as ‘‘malignant’’ were regarded as ‘‘false
negative.’’ Patients with atypical and suspicious cytology
were considered true positive if the final diagnosis was
malignancy. Diagnostic accuracy of the EUS-FNA pro-
cedure in detecting malignant (true positive) and benign
(true negative) lesions were similar over the period
(Group 1, 92%; Group 2, 92%; Group 3, 95%); overall
accuracy being 93% (Table 2).

For complications, 194 (64.6%) patients were followed
by phone, and 104 (34.7%) clinically (at UAB); two (0.6%)
could not be contacted. In total, 13% (38/300) patients
had complications (minor and/or major). Of the 38
patients, 6 (16%) had major complications that required
hospitalization or emergency department visit, while the
remaining (32/38, 84%) had minor complications. Major
complications included pancreatitis (n Z 1), severe ab-
dominal pain (n Z 2), fever (n Z 2), hypoxia from over-
sedation (n Z 1). Minor complications included mild
abdominal pain, distension, nausea, vomiting, diarrhea,
or minor bleeding at the biopsy site (not clinically mani-
fested). No perforations were encountered. The overall
acute pancreatitis incidence was 0.33% (1/300): 95%
CI[0.01, 1.84]. Overall, 13 (13%) of the Group 1, 18
(18%) of the Group 2, and 7 (7%) of the Group 3 patients
had complications. Proportion of minor complications in
Group 1 was 12%, in Group 2 was 16%, and in Group 3
was 4%. Group 3 was less likely to encounter minor
complication compared with Group 1 ( p Z 0.07) and
Group 2 ( pZ 0.004), while no significant difference was
found between Group 1 and Group 2 ( p Z 0.42). The
difference remained significant between Group 3 and
www.mosby.com/gie
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TABLE 1. Pancreatic mass and other characteristics among the 3 groups

Group 1

N Z 100

Group 2

N Z 100

Group 3

N Z 100

Total

NZ 100

Characteristic N (%) N (%) N (%) N (%)

Presentation with acute pancreatitis

Yes 11 (11%) 12 (12%) 7 (7%) 30 (10%)

No 89 (89%) 88 (88%) 93 (93%) 270 (90%)

p Value 0.46* d

Prior CT done

Yes 89 (89%) 77 (77%) 79 (79%) 245 (82%)

No 11 (11%) 23 (23%) 21 (21%) 55 (18%)

p Value 0.06* d

Prior tissue diagnosis attempt

Yes 46 (46%) 35 (35%) 37 (37%) 118 (39%)

No 54 (54%) 65 (65%) 63 (63%) 182 (61%)

p Value 0.24* d

Mass location

Head 65 (65%) 69 (69%) 63 (63%) 197 (66%)

Other 35 (35%) 31 (31%) 37 (37%) 103 (34%)

p Value 0.66* d

Largest diameter (mm)

Range 17-70 7-62 19-95 7-95

Mean (SD) 32.8 (8.4) 32.2 (11.6) 35.4 (11.7) 33.5 (10.7)

Median 32.0 30.0 34.0 32.0

p Value 0.17y d

EUS finding of CP

Yes 25 (32%) 26 (28%) 24 (25%) 75 (25%)

No 75 (68%) 74 (72%) 76 (75%) 215 (75%)

p Value 0.95* d

FNA reading (initial)

Benign 25 (26%) 29 (29%) 20 (20%) 74 (25%)

Malignant 61 (62%) 63 (64%) 70 (71%) 194 (66%)

Suspicious/atypical 12 (12%) 7 (7%) 9 (9%) 28 (9%)

Inconclusivez 2 1 1 4

p Value 0.45* d

Final diagnosisx

Benign mass/CP 20 (20%) 24 (24%) 20 (21%) 64 (22%)

Adenocarcinoma 74 (75%) 63 (64%) 73 (75%) 210 (72%)

(continued)
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TABLE 1. (continued)

Group 1

NZ 100

Group 2

N Z 100

Group 3

N Z 100

Total

NZ 100

Characteristic N (%) N (%) N (%) N (%)

Otherk 5 (5%) 10 (10%) 4 (4%) 19 (6%)

p Value 0.31* d

SD, Standard deviation; CP, chronic pancreatitis.

*Chi-square test for proportions.

yKruskal-Wallis test.

z‘‘Failed’’ (n Z 3) and ‘‘inadequate for tissue diagnosis’’ (n Z 1) procedures excluded; the category is not included in calculating p.

xLost to follow-up (n Z 3) patients and ‘‘indeterminate’’ lesions (n Z 4) excluded.

kIncludes neuroendocrine (n Z 13), metastatic tumors (n Z 4), malignant fibrous histiocytoma (n Z 1), and lymphoma (n Z 1).

TABLE 2. Initial cytopathology and final diagnosis of 300 procedures

Final diagnosis

EUS-guided FNA cytology Benign Malignant Indeterminate/unknown Total

Benign 58 11 5 74

Atypical 5 9 1 15

Suspicious d 12 1 13

Malignant 1 193 d 194

Failed/inadequate d 4 d 4

Total 64 229 7 300

CI, Confidence interval.

Overall accuracy, 92.8%: 95% CI[9.6, 94.9].
Group 2 when adjusted for multiple comparisons
(pZ 0.01). Frequency of serious complications was similar
across the 3 groups (Group 1, 1%; Group 2, 2%; and
Group 3, 3%; pZ 0.62).

Number of EUS-FNA passes
The majority (68%) of procedures required 4 or less

passes for tissue diagnosis. Median number of passes
showed a decreasing trend over the 3-year study period,
despite an increasing trend of the number of procedures
performed (r Z �0.14, p Z 0.42) (Fig. 1). When the
median number of passes was compared among the 3
groups, a statistically significant difference was observed
for Group 1 vs. Group 3 (median 4 vs. 3, p Z 0.009) but
not for Group 2 vs. Group 3 (pZ 0.06), when the
Bonferroni correction for p value was applied (Fig. 2).

The proportion of procedures that required 4 or less
passes increased from 60% in Group 1 to 68% in Group 2
to 77% in Group 3 (MH chi-square trend, 6.71; p Z 0.01).
Both Groups 2 and 3 were less likely to require R5 passes
compared with Group 1; the difference was not sta-
tistically significant for Group 2 (OR 0.7: exact 95%
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CI[0.4, 1.3], p Z 0.30), while significant difference was
observed for Group 3 (OR 0.4: exact 95% CI[0.2, 0.9];
p Z 0.01) compared with Group 1.

Predictors of number of passes
Univariate analysis. Univariate analysis showed that

malignant masses were significantly less likely to require
R5 passes compared with benign masses (OR 0.2: 95%
CI[0.1, 0.4]) (Table 3). In addition, patients with changes
of CP were significantly more likely to have R5 passes
compared with those without CP (OR 3.3: 95% CI[1.8,
5.8]). We did not find statistically significant results for
other variables in the univariate analysis. (Table 3) The
factors (gender; EUS finding of CP; prior attempt at tissue
diagnosis; and initial FNA reading), with p % 0.25 were
selected for logistic regression modeling.

Multivariable analysis. We conducted logistic re-
gression procedures to determine differences in the odds
of having R5 vs. 1 to 4 (reference) passes between
Groups 2 and 1, and Groups 3 and 1 (Table 3). By
adjusting for other factors in the model, Group 2 and
Group 3 were less likely to require R5 passes compared
www.mosby.com/gie
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Figure 1. Correlation between median number of passes and procedures by each month, July 2000 to July 2003 (r Z �0.14; p Z 0.42).

Figure 2. Comparison of median number of passes among the 3 groups. (Kruskal-Wallis test, p Z 0.01. Mann-Whitney-Wilcoxon test: Groups 1 vs. 2,

p Z 0.02; Groups 1 vs. 3, p Z 0.003; Groups 2 vs. 3, p Z 0.57.)
with Group 1 (Table 3). The difference between Groups 2
and 1 was not statistically significant, while the difference
between Groups 3 and 1 was statistically significant.
In addition, patients with malignant masses were signif-
icantly less likely to require R5 passes ( p ! 0.001).
Patients with a prior tissue diagnosis attempt, however,
were significantly more likely to require R5 passes
( pZ 0.04).

A final logistic regression model also was constructed
by using the ‘‘true’’ (final) state of pathology (either
www.mosby.com/gie
benign or malignant), replacing the initial FNA reading in
the model to examine whether the association remained
constant (model not presented). When adjusted for the
other factors, Group 2 (pZ 0.29) and Group 3 (p Z 0.01)
were less likely to require R5 passes compared with
Group 1. The presence of CP required R5 passes
(adjusted OR 2.7: 95% CI[1.3, 5.8], p Z 0.01), while
malignant masses were less likely to require R5 passes
compared with benign masses (adjusted OR 0.7: 95%
CI[0.4, 1.3], p Z 0.37).
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TABLE 3. Crude and adjusted ORs and 95% CI for association between number of passes (R5 vs. 1 to 4*) and predicting factors

Univariate analysis Logistic regression model N Z 295

Predicting factor Crude OR (exact 95% CI) p Adjusted OR (95% CI) p

Group

2 vs. 1* 0.7 (0.4, 1.3) 0.30 0.7 (0.4, 1.4) 0.36

3 vs. 1* 0.4 (0.2, 0.9)y 0.01y 0.5 (0.3, 0.9)y 0.03y

Gender

Men vs. women* 1.7 (1.0, 2.9) 0.07 1.3 (0.7, 2.4) 0.40

Prior tissue diagnosis attempt

Yes vs. no* 1.5 (0.9, 2.6) 0.12 1.8 (1.0, 3.1)y 0.04y

EUS finding of CPb

Yes vs. no* 3.3 (1.8, 5.8)y !0.001y 1.6 (0.7, 3.3) 0.24

FNA reading

Malignant vs. benign* 0.2 (0.1, 0.4)y !0.001y 0.3 (0.1, 0.6)y !0.001y

Susp./Atyp vs. benign* 1.0 (0.4, 2.6) 1.00 1.1 (0.4, 2.9) 0.81

OR, Odds ratio; CI, confidence interval; CP, chronic pancreatitis.

Note: Adjusted ORs calculated by using multiple logistic regression analysis; failed (nZ3) procedures, ‘unknown’ number passes (nZ1), and ‘inadequate for

tissue diagnosis’ procedure (nZ1) were excluded from the model.

*Referent category.

yStatistically significant.
DISCUSSION

EUS is recognized as an advanced procedure with
a difficult and a prolonged learning curve.9 There is no
objective data on which the GI societies or training
programs may base credentialing requirements.10 When
little or no data exist from well-designed prospective trials,
emphasis is given to results from large series and reports
from recognized experts or personal experiences. In
addition, EUS-FNA of solid pancreatic masses are consid-
ered by experts to be the most challenging of all EUS
procedures, and trainees might need a long learning curve
to master the technique.9 Based on expert opinion, the
ASGE recommends that for a comprehensive competence
in all aspects of EUS, at least 150 supervised EUS proce-
dures be performed, with 50 EUS-FNA, and at least 75 pro-
cedures should include pancreaticobiliary indications.10

More specifically, the ASGE guidelines recommend that for
pancreatic EUS-FNA competence, the trainee should be
competent to perform pancreaticobiliary EUS and to have
done at least 25 supervised FNA of pancreatic lesions.10

The results of this study suggest that after adequate
third-tier supervised training, a newly developed program
can provide results similar to those of well-established
EUS centers.16 In addition, this study shows that a long
learning curve exists for EUS-FNA of solid pancreatic
masses. While 25 EUS-FNA procedures might be adequate
as a start, this number is considered the threshold after
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which competence can be assessed. For instance, while
the accuracy reported in this study for the first 100
procedures parallels results from expert centers, it is clear
that the number of passes and complications were higher
for the first group compared with the third group. Group
2 and Group 3 were not different in terms of number of
passes required. Although fewer complications were
encountered with Group 3 compared with Group 2 (but
not Group 1), the frequency of serious complications
remained similar across all 3 time periods. This suggests
that about 150 EUS-FNAs of the pancreas might be needed
to become very proficient and facile in sampling solid
masses of the pancreas.

The number of passes needed to achieve adequate
samples and to diagnose malignancy decreased over time
in this study, reflecting improved efficiency of the EUS-
FNA procedure over time. While we did not record the
duration of each EUS-FNA procedure, even a decrease by
one FNA pass is associated with a reduction in procedure
time by 10 to 15 minutes, which is clinically relevant and
important. This increased efficiency of the procedure can
be explained by several factors: (a) better identification,
recognition, and targeting of the lesions by the endo-
sonographer; (b) earlier or better recognition of the can-
cer by the attending cytopathologist, thus necessitating
fewer passes over the course of the study. We acknowl-
edge that there was no upgrade of the equipment nor
any change of the type of needles used over time. Thus,
www.mosby.com/gie
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it appears that there is a steep learning curve involved in
the process of EUS-FNA of solid pancreatic masses.

We found that the location of the mass and its size did
not affect the number of passes. We noted that the
presence of pancreatitis as detected by EUS and a prior
attempt at biopsy make a mass possibly more difficult to
diagnose. This can be partly explained by the desmoplastic
reaction caused by the tumor, as well as the inherent
difficulty in diagnosing pancreatic cancer in the context of
pancreatitis. Similarly, a previous study17 has shown that
the sensitivity for EUS-FNA of solid pancreatic masses
decreased in the context of chronic pancreatitis.

Our findings of the presence of a leaning curve for EUS-
FNA of solid pancreatic masses is supported by the
literature on learning with EUS in general, therapeutic
endoscopy, and routine endoscopy. In one multicenter
prospective study of training in EUS, the competence of
fellows at two tertiary, referral medical centers was
studied.18 That study suggests that at least 150 supervised
procedures are needed for trainees to independently
perform and interpret EUS examinations. While the
easiest indications for EUS are considered esophageal-
and rectal-cancer staging, it is clear from that study that
the learning curve is even longer for the adequate study
of the pancreas, including the appropriate identification of
the ampulla. The number needed to assess competence
for EUS-FNA was not assessed in that multicenter study.18

A survey of the American Endosonography Club found
that while technical competence in pancreaticobiliary
imaging could be achieved in 94 cases, interpretive
competence required 121 procedures.19 Gress et al20

found that EUS staging accuracy for pancreatic cancer
improved after 100 cases, thus suggesting a correlation
between the accuracy of EUS staging and the number of
procedures performed. Most cases of understaging and
overstaging occurred in the first 100 procedures com-
pared with the later cohort.20 Fockens et al21 found that
adequate staging accuracy in patients with esophageal
cancer was achieved only after 100 examinations. Schlick
et al22 similarly found that reliable staging for cancer of the
esophagus and of the cardia can be obtained only after 75
examinations have been performed. Carmody and Otchy23

found that accuracy of transrectal US staging improved
with time and experience with the procedure. Similarly,
Mertz and Gautam11 also have shown that the accuracy of
EUS-FNA improved after 50 unsupervised EUS-FNA
procedures of the pancreas.

We note the limitations of this study. These data
represent a personal and a unique experience in a busy
academic program of a single endosonographer who has
a large referral base for patients with suspected pancreatic
cancer. In addition, the number of patients provided
during advanced fellowship training was high, which
allowed exposure to a wide variety of EUS and EUS-FNA
cases. Therefore, this data may not be extrapolated to
individuals attempting to train themselves or to programs
www.mosby.com/gie
that have a low volume of procedures. However, one
concludes that the number of pancreatic EUS-FNA
performed during the third-tier fellowship was probably
adequate for this endosonographer to start practicing this
procedure on his own. Moreover, the accuracy of EUS-
FNA for pancreatic cancer did not change significantly
over the course of the study and was comparable with
expert centers, suggesting that ‘‘most’’ learning occurred
during the mentored cases during the fellowship. In
contrast, a self-teaching system could result in producing
an experienced endosonographer; this could, however, be
at the expense of low accuracy in the first 50 to 100
procedures.11 Mertz and Gautam11 reported a sensitivity
ranging from 40% to 80% in their first 50 cases, values
much lower than results of this study or those of expert
EUS centers.3,7,16 The clear message that we learned from
that study is that through persistence, dedication, and self-
instruction, with some supervised mentorship, EUS-FNA
proficiency can be met after the basic EUS skills has been
acquired.9,11

It is generally accepted that there is a very wide range
in the number of procedures required for different fellows
to be considered competent in EUS. Cass et al24 found
that there was substantial variation in the rate of skill
acquisition between individual trainees when they evalu-
ated gastroenterology fellows at 14 institutions. While
‘‘fast learners’’ could achieve competence in performing
EGD after 50 procedures, the average fellow needed more
than 160 diagnostic EGD to achieve competence. Unlike
other endoscopy procedures, EUS includes not just
endoscopy but also interpretation of real-time radiologic
images. A substantial individual variation can be expected
among learners before this procedure can be mastered.

In summary, it appears that the recommended number
of 25 procedures may not be an adequate threshold for
training in EUS-FNA of the pancreas based on this single
individual’s experience. This study suggests that even after
performing 45 of these examinations during a third-tier
fellowship, more procedures are needed for one to gain
proficiency and efficiency with EUS-FNA. Our results
could be used by professional societies to direct their
training guidelines, credentialing, and granting privileges
for EUS-FNA of the pancreas.
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