
Introduction
Incidentally identified pancreatic cysts are an increasingly com-
mon problem due to the growing sophistication and increasing
use of imaging studies [1, 2] The incidence of pancreatic cysts
in the United States is estimated to be 3% to 15% [3]. Fifteen
percent of abdominal magnetic resonance imaging (MRI) stud-
ies obtained for non-pancreatic indications incidentally show
pancreatic cysts [4]. Different types of cysts have varying risk
of progression to high-grade dysplasia (HGD) and/or invasive
cancer. Consequently, accurately identifying high-risk cysts is
critical to appropriate management. Difficulty arises because
currently available diagnostic tools – including computed to-
mography (CT), MRI, and endoscopic ultrasound (EUS) – have
limited ability to identify high-risk lesions [4–7] Moreover, the
exact features considered to be high risk and their relative im-
portance is controversial [6, 8–14]

The American Gastroenterological Association (AGA) recent-
ly released updated guidelines to direct management of
asymptomatic pancreatic cysts [4]. These guidelines differ sig-
nificantly from the 2012 International Association of Pancrea-
tology Fukuoka guidelines [15]. Notably, the AGA guidelines
raise the threshold for EUS and surgery to decrease the number
of unnecessary procedures. The evidence on which these new
guidelines are based is limited primarily to case series, making
the self-reported quality of evidence very low [5]. Further vali-
dation of the AGA guidelines is necessary.

In this retrospective study, we assess the performance of the
2015 AGA guidelines and 2012 Fukuoka guidelines in 2 areas
that are central to clinical management of asymptomatic pan-
creatic cysts: 1) criteria for referral to EUS, and 2) criteria for re-
ferral to surgery in the ability of the guidelines to identify ma-
lignant cysts.

Evaluation of AGA and Fukuoka Guidelines for EUS and surgical
resection of incidental pancreatic cysts
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ABSTRACT
Objectives Management of asymptomatic pancreatic cysts is

challenging. Guidelines by the American Gastroenterological Asso-

ciation (AGA) and International Association of Pancreatology (Fu-

kuoka) seek to identify high-risk patients. We assessed performance

of these guidelines in selecting patients for endoscopic ultrasound

(EUS) and/or surgery.

Methods PART I – We retrospectively studied 143 asymptomatic

cysts with magnetic resonance imaging (MRI) followed by EUS. Ap-

propriate selection for EUS was defined as: malignant cytology or

surgical pathology, or development of concerning features on MRI

as defined by the guidelines. PART II – We retrospectively studied

152 resected cysts to assess the performance of guidelines in se-

lecting cysts for surgery using malignant histology as the outcome.

Results PART I – Of 143 EUS, 43 (30.1%) were male with median

age 65.0 years (interquartile range [IQR] 58.0–73.0). AGA guide-

line demonstrated lower sensitivity (17.6% versus 35.3%, P=0.03),

higher specificity (94.5% versus 66.1%, p < 0.001), and higher accu-

racy (76.2% versus 58.7%, P=0.002) than Fukuoka. There was no

difference in positive predictive value (50.0% versus 24.5%, P=

0.15) and negative predictive value (78.6% versus 76.6%, p=0.75).

PART II – Of 152 resected cysts, 45 (29.8%) were male with median

age 59.0 years (IQR 47.3–66.7). There was no difference in per-

formance characteristics of the guidelines in selecting cysts for sur-

gery. AGA and Fukuoka guidelines missed 25.0% and 18.8% of ma-

lignant cysts, respectively (P=1.00).

Conclusions For referral to EUS, the AGA guideline was highly

specific compared to Fukuoka; both suffered from poor sensitivity,

although the Fukuoka guideline was relatively more sensitive than

AGA. For referral to surgery, both guidelines have modest sensitivity

and specificity and miss a similar percentage of malignant lesions.
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Methods
This study was approved by the Institutional Review Board of
our institution. Two retrospective databases were utilized in
this study.

Part I: Analysis of Guidelines for Referral to EUS

The first database (“EUS Database”) consisted of all EUS proce-
dures performed at our center from 2001 to 2012 on asympto-
matic pancreatic cysts. Inclusion in this study required that the
cyst was identified by contrast-enhanced MRI and then evaluat-
ed by EUS within 6 months. If surgical resection of the cyst was
not performed, the EUS was followed by at least 1 surveillance
magnetic resonance image (MRI) within the subsequent 12
months. The following data were collected: demographic infor-
mation (gender, age), cyst features on MRI (cyst size, number
of cysts, location, mural nodule, thick wall, maximum pancreat-
ic duct (PD) size, lymphadenopathy), cyst features on EUS (size,
multiplicity, location, mural nodule, thick wall, maximum PD
size), cyst fluid analysis (cytology, amylase, CEA, DNA mutation
analysis), surgical features (type of surgery, surgical patholo-
gy). The criteria for referral to EUS were evaluated for the 2015
AGA and 2012 Fukuoka guidelines. The 2015 AGA guidelines
stipulated that MRI should demonstrate at least 2 high-risk fea-
tures (cyst size ≥30mm, main PD >3mm, mural nodule or solid
component) while the 2012 Fukuoka guidelines required at
least 1 worrisome feature on MRI (cyst size ≥30mm, enhanced
thickened cyst walls, non-enhanced mural nodules, main PD
5–9mm, abrupt change in main PD caliber with distal pancre-
atic atrophy, lymphadenopathy) [4, 15].

For each set of guidelines, cysts were separated into 2
groups – those that did versus those that did not meet criteria
for EUS referral – and endpoints were compared between the
groups. Primary endpoints included the following: A) positive
fine-needle aspiration (FNA) cytology for malignancy; B) posi-
tive surgical pathology for malignancy, defined as carcinoma;
or C) if neither A nor B, then subsequent MRI (within 12 months
after EUS) with concerning features, defined as development of
high-risk or worrisome features according to the respective
guidelines. This short-term follow-up with imaging was chosen
because our goal was to assess whether performing EUS ac-
cording to each set of guidelines appropriately identified high-
risk cysts at the time of EUS. Sensitivity, specificity, positive pre-
dictive value, negative predictive value, and accuracy of each
set of guidelines were calculated for the endpoints.

Part II: Analysis of Guidelines for Referral to Surgical
Resection

The second database (“Pathology Database”) consisted of all
surgically resected asymptomatic pancreatic cysts at our center
from 1995 to 2013. Inclusion in this study required that all cysts
had undergone contrast-enhanced MRI and/or EUS preopera-
tively. The same data were collected as for the EUS database.
The criteria for surgical referral were evaluated for the 2015
AGA and 2012 Fukuoka guidelines. The 2015 AGA guidelines
mandated 1 of the following before surgery: 1) malignant cy-
tology on EUS-FNA; or 2) at least 2 high-risk features on MRI

and/or EUS (cyst size ≥30mm, main PD>3mm, mural nodule
or solid component) [4]. The 2012 Fukuoka guidelines required
1 of the following: 1) MRI with any high-risk stigmata (obstruc-
tive jaundice in a patient with cystic lesion in the head of the
pancreas, enhancing solid component within cyst, main PD
≥10mm); or 2) EUS with any concerning features (mural no-
dule, main PD with thickened walls/intraductal mucin/nodule,
cytology suspicious or positive for malignancy) [15]. For each
set of guidelines, cysts were separated into 2 groups—those
that did versus those that did not meet criteria for referral for
surgical resection – and endpoints were compared between
the groups. The primary endpoint was surgical pathology de-
monstrating malignancy, defined as carcinoma. Sensitivity,
specificity, positive predictive value, negative predictive value,
and accuracy of each set of guidelines were calculated for the
endpoint.

Statistical analysis

Sensitivity, specificity, predictive values, overall accuracy, and
referral rates were calculated for the AGA and Fukuoka guide-
lines. Sensitivity, specificity, and overall accuracy were compar-
ed using McNemar’s test for paired data. Medians and inter-
quartile ranges (IQR) were reported. Statistical significance
was defined as P<0.05 (SAS, Cary, NC).

Results
Part I: Analysis of guidelines for referral to EUS

A total of 143 EUS examinations with antecedent MRI were
identified. Of them, 43 (30.1%) were done on males with medi-
an age of 65.0 years (IQR 58.0–73.0). The median cyst size was
18.0mm (IQR 11.0–26.0) with 63.6% in the head, 21.7% in the
body, and 14.7% in the tail. MRI identified 25.9% with size
≥3 cm, 14.0% with dilated main PD, and 6.3% with solid com-
ponent. By subsequent EUS, 20.3% had size ≥3 cm, 16.1% had
dilated main PD, and 5.6% had a solid component. FNA was per-
formed in 105 (73.4%) EUS exams; 4 (2.8%) cysts had malig-
nant cytology. Aspiration was not performed in 38 cysts due to
the following reasons: 19 cysts < 1 cm, 11 cysts for technical
reasons, and 8 cysts because the results would not alter man-
agement. Surgery was performed on 23 (16.1%) cysts; 5 of
these were malignant, 2 additional cysts had high-grade dys-
plasia, and the remaining 16 included 6 branch duct intraductal
papillary mucinous neoplasm, 2 mixed intraductal papillary
mucinous neoplasm, 1 mucinous cystic neoplasm, 3 neuroen-
docrine tumor, 2 pseudocyst, 1 chronic pancreatitis, and 1 nor-
mal pancreas.

The overall performances of both theAGA and Fukuoka guide-
lines for identifying high-risk lesions are shown in ▶Table 1. The
AGA guidelines had significantly lower sensitivity (17.6%) com-
pared to the Fukuoka guidelines (35.3%, P=0.03). However, the
AGA guidelines had significantly higher specificity (94.5%)
compared to the Fukuoka guidelines (66.1%, P<0.01). The
AGA guidelines did demonstrate overall greater accuracy com-
pared to the Fukuoka guidelines (76.2% versus 58.7%, P<0.01).
When adjusted for selection of cysts with HGD in addition to
carcinoma, results were similar; the AGA and Fukuoka guide-
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lines had sensitivities of 16.7% and 33.3%, respectively (P=
0.03), and specificities of 94.4% and 65.4%, respectively (P<
0.01).

By the AGA guidelines, only 8.4% of patients would have
been referred for EUS compared to 34.3% by the Fukuoka
guidelines (P<0.01). ▶Fig. 1 and ▶Fig.2 demonstrate the ap-
plication of the AGA and Fukuoka guidelines to the EUS Data-
base, respectively, for referral or non-referral to EUS, along
with subsequent surgical or surveillance endpoints; patients
who underwent EUS and/or surgery despite not meeting guide-
line criteria are also shown. ▶Table 2 shows the 7 pancreatic
cysts with malignant histology and with high grade dysplasia

from the EUS Database, with subsequent confirmation by op-
erative resection; all 3 FNA with malignant cytology underwent
resection which confirmed malignancy in all of those cases. Ac-
cording to the AGA guidelines, 3 of the 5 (60%) resected malig-
nant cysts did not meet criteria for EUS referral; in comparison,
by the Fukuoka guidelines, 1 of the 5 (20%) resected malignant
cysts did not meet EUS referral criteria. Of note, 1 of 5 (20%)
malignant cysts had imaging findings on MRI which did not
meet sufficient criteria for EUS referral according to either the
AGA or Fukuoka guidelines. When adjusted for selection of
cysts with HGD in addition to carcinoma, results were similar.
By AGA guidelines, 5 of the 7 (71.4%) resected malignant cysts
did not meet criteria for EUS referral, whereas by the Fukuoka
guidelines, 3 of the 7 (42.9%) resected malignant cysts did not
meet EUS referral criteria.

Part II: Analysis of guidelines for referral to surgical
resection

There were 152 surgically resected asymptomatic pancreatic
cysts included in this analysis (▶Table 3). Of them, 45 (29.8%)
were male with median age 59.0 years (IQR 47.3–66.7). Medi-
an cyst size was 33.0mm (IQR 20.0–42.0) with 33.8% in the
head, 30.5% in the body, and 35.7% in the tail. Cyst size was
≥3 cm in 69.5%, with dilated main PD in 26.5% and solid com-
ponent in 18.5%. There were 16 malignant cases (10.5%).

143 EUS Exams

12 met AGA guideline 131 did not meet AGA guideline

90 FNA 41 No FNA11 FNA

11 non-malignant

2 surgery

1 
malig-
nant

1 
non-
malig-
nant

9 MRI surveil-
lance

5 non-
concerning

4 concerning 12 non-
malignant

60 non-
concerning

15 concerning

3 malignant
87 non-

malignant

12 surgery

4 surgery
37 MRI 

surveillance

10 concerning

27 non-
concerning

1 No FNA

1  surgery

3 surgery

3 malignant

4 non-
malignant

75 MRI 
surveillance

1 malignant

▶ Fig. 1 Flowchart of application of AGA Guideline for referral for EUS. For MRI surveillance, “concerning” indicates identification of additional
high-risk features; “non-concerning” specifies unchanged or smaller cysts with no additional high-risk features. EUS, endoscopic ultrasound;
FNA, fine-needle aspiration; MRI, magnetic resonance imaging.

▶Table 1 Guideline performance for referral to EUS.

AGA 2015 Fukuoka 2012 P value

Sensitivity 17.6% 35.3% 0.031

Specificity 94.5% 66.1% <0.001

Positive Predictive
Value

50.0% 24.5% 0.154

Negative Predictive
Value

78.6% 76.6% 0.747

Accuracy 76.2% 58.7% <0.001
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By the AGA guidelines, 30.9% of patients would have been
referred for surgery compared to 36.2% by the Fukuoka guide-
lines (P=0.40). The overall performances of both the AGA and
Fukuoka guidelines are shown in ▶Table4. The 2 guidelines
did not differ significantly with respect to any of the perform-
ance indices including sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy. ▶Fig. 3 and

▶Fig. 4 demonstrate the application of the AGA and Fukuoka
guidelines to the Pathology Database, respectively, for referral
or non-referral to surgical resection along with subsequent sur-
gical endpoints. ▶Table 5 shows the 16 pancreatic cysts in the
Pathology Database with malignant histology at operative re-
section. According to the AGA guidelines, 4 of the 16 (25%) ma-
lignant cysts did not meet criteria for surgical referral; accord-
ing to the Fukuoka guidelines, 3 of the 16 (18.8%) malignant
cysts did not meet surgical referral criteria (P=1.00). Of note,
2 of 16 (12.5%) had imaging findings on MRI or EUS which did
not meet sufficient criteria for surgical referral according to ei-
ther the AGA or Fukuoka guidelines. When adjusted for selec-
tion of cysts with HGD in addition to carcinoma, results were
similar; by AGA guidelines, 5 of the 17 (29.4%) malignant cysts
did not meet criteria for surgical referral, whereas by the Fukuo-
ka guidelines, 3 of the 17 (17.6%) malignant cysts did not meet
surgical referral criteria (P=0.69).

If the AGA guidelines had been strictly applied, 101 of 136
(74.3%) of surgeries on non-malignant cysts would have been
prevented, whereas adherence to the Fukuoka guidelines

would have prevented 94 of 136 (69.1%) surgeries on non-ma-
lignant cysts (P=0.42).

Discussion
We evaluated both the 2012 Fukuoka and 2015 AGA guidelines
for asymptomatic pancreatic cysts in their recommendations
for referring patients to EUS and surgery by using malignant le-
sions as the outcome. The AGA guidelines were more accurate
than the Fukuoka guidelines in recommending patients for EUS,
due to markedly higher specificity. Both suffered from very low
sensitivity, although the Fukuoka guidelines were relatively
more sensitive than the AGA guidelines. Given that the AGA
guidelines had higher specificity but lower sensitivity in refer-
ring patients for EUS, if the goal is only to send patients to EUS
who have a high-risk lesion, the AGA guidelines meet this goal
better than the Fukuoka guidelines. However, this is at the ex-
pense of missing 71.4% of malignant cysts in our study. Fur-
thermore, EUS-FNA with cyst fluid analysis is not only impor-
tant for identifying malignant cysts, but it also adds value by
differentiating neoplastic from non-neoplastic cysts [6]. The
possibility of improved diagnosis by incorporating molecular
markers into traditional cyst fluid analysis increases the poten-
tial value of EUS-FNA even further [16].

In evaluating the criteria for surgical referral, both the AGA
and Fukuoka guidelines performed similarly with modest sensi-
tivity and specificity. While the specificity of the AGA guidelines

3 surgery 9 surgery
31 MRI 
surveil-
lance

1 malig-
nant

2 non-
malignant

2 concer-
ning

1 surgery 5 surgery
52 MRI 
surveil-
lance

2 non-
malignant

3 malig-
nant 40 non-malignant 3 surgery

3 MRI 
surveil-
lance

1 malig-
nant 57 non-malignant 2 surgery

43 FNA 6 No FNA 58 FNA

49 met Fukuoka guideline

143 EUS Exams

94 did not meet Fukuoka guideline

36 No FNA

3 
malignant 9 non-malignant

6 concer-
ning

25 non 
concerning

1 
malignant

5 non-malignant 13 
concerning

39 non-
concerning

8 concer-
ning

34 MRI 
surveil-
lance

1 non-
concerning

26 non-
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▶ Fig. 2 Flowchart of application of Fukuoka Guideline for referral for EUS. For MRI surveillance, “concerning” indicates identification of addi-
tional high-risk features; “non-concerning” specifies unchanged or smaller cysts with no additional high-risk features. EUS, endoscopic ultra-
sound; FNA, fine-needle aspiration; MRI, magnetic resonance imaging.
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trended higher, this was not significantly different from the Fu-
kuoka guidelines. The AGA guidelines missed 29.4% of malig-
nancies while the Fukuoka guidelines failed to identify 17.6%
of malignant cysts. Furthermore, 74.5% of pancreatic cysts re-
ferred for surgery by the AGA or the Fukuoka guidelines were
unnecessary. Even with using both the AGA and Fukuoka guide-
lines, 11.8% of malignant cysts were not identified. Therefore,
the goal of decreasing unnecessary high-risk pancreatic surger-
ies while only sending those patients with high-risk lesions for
surgery remains unfulfilled by both sets of guidelines. We be-
lieve that when faced with an incidental pancreatic cyst, all pa-
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▶Table 3 Histology of surgically resected cysts.

Cyst Type Number Percentage

Adenocarcinoma NOS   4   2.6%

Autoimmune pancreatitis   1   0.7%

BD IPMN  36  23.7%

BD IPMN with adenocarcinoma   8   5.3%

Chronic pancreatitis   2   1.3%

Lymphoepithelial cyst   2   1.3%

MD IPMN   3   2.0%

Mixed IPMN   5   3.3%

Mucinous cystic neoplasm  24  15.7%

Mucinous cystic neoplasm with
adenocarcinoma

  2   1.3%

Neuroendocrine tumor   8   5.3%

Normal pancreas   1   0.7%

Poorly differentiated carcinoma   1   0.7%

Pseudocyst   4   2.6%

Serous cystadenoma  35  23.0%

Simple cyst   2   1.3%

Solid pseudopapillary neoplasm  14   9.2%

TOTAL 152 100%

NOS, not otherwise specified; BD, branch duct; MD, main duct; IPMN, intra-
ductal papillary mucinous neoplasm

▶Table 4 Guideline performance for referral to surgery.

AGA 2015 Fukuoka 2012 P value

Sensitivity 75.0% 81.3% 1.000

Specificity 74.3% 69.1% 0.144

Positive predictive
value

25.5% 23.6% 1.000

Negative predictive
value

96.2% 96.9% 1.000

Accuracy 74.3% 70.4% 0.115
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tients should undergo a good-quality MRI. If the lesion is at
least 2 cm, has at least 1 high-risk feature, or an MRI is not pos-
sible, an EUS should be performed to identify mucinous as well
as malignant cysts.

Performance of the Fukuoka guidelines is similar to a recent
paper of surgically resected pancreatic cysts [8]. Our applica-
tion of all incidental pancreatic cysts to the Fukuoka guidelines
rather than limiting to mucinous cysts may have underestima-
ted its performance as suggested by a previous study that eval-

uated the original Sendai guidelines for all resected pancreatic
cysts [17, 18]. However, as the AGA guidelines have done, it is
more practical to develop guidelines that apply to all cystic le-
sions, which is why we applied the Fukuoka guidelines to all
asymptomatic pancreatic cysts.

Our paper has certain limitations, which include the retro-
spective, single-center nature of the study. Ideally all patients
who have undergone MRI followed by EUS and/or surgery
would have been studied to evaluate the entire sequence of

152 resected cysts

13 malignant 42 non-
malignant

3 malignant 94 non-
malignant

55 met Fukuoka guideline
97 did not meet Fukuoka 

guideline

▶ Fig. 4 Flowchart of application of Fukuoka Guideline for referral
to surgery.

152 resected cysts

12 malignant 35 non-
malignant

4 malignant 101 non-
malignant

47 met AGA guideline
105 did not meet AGA 

guideline

▶ Fig. 3 Flowchart of application of AGA Guideline for referral to
surgery.

▶Table 5 Malignant lesions in pathology database with criteria for surgical referral.

Patient Sex Age AGA Guideline
for Surgical
Referral

Fukuoka Guide-
line for Surgical
Referral

EUS-FNA Cytology Surgical Pathology

 1 F 51 X X n/a Mucinous cystadenoma with
adenocarcinoma

 2 M 60 X X Malignant BD-IPMN with adenocarcinoma

 3 F 60 X n/a BD-IPMN with adenocarcinoma

 4 M 76 X Atypical BD-IPMN with adenocarcinoma

 5 F 63 X X Malignant BD-IPMN with adenocarcinoma

 6 F 77 Atypical BD-IPMN with adenocarcinoma

 7 F 63 X X Malignant BD-IPMN with adenocarcinoma

 8 M 81 X X Malignant BD-IPMN with adenocarcinoma

 9 F 80 X n/a BD-IPMN with adenocarcinoma

10 M 54 X X Neoplastic cells consistent
with neuroendocrine tumor

Pancreatic endocrine carcinoma

11 M 63 X X Malignant Poorly differentiated carcinoma
with cystic degeneration

12 M 52 X X Malignant BD-IPMN with adenocarcinoma

13 F 77 X X Malignant BD-IPMN with adenocarcinoma

14 F 59 X X n/a MCN with adenocarcinoma

15 M 74 X X Benign Adenocarcinoma with cystic
degeneration

16 F 75 Benign BD-IPMN with adenocarcinoma

BD-IPMN, branch duct intraductal papillary mucinous neoplasm; HGD, high-grade dysplasia; MCN, mucinous cystic neoplasm
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the AGA guidelines in all these patients. However, our patient
population was limited to those patients who had undergone
EUS and/or surgical resection, which may have biased the study
towards selecting out more high-risk patients. Therefore, if the
AGA guidelines were applied to all incidental pancreatic cysts
identified on MRI imaging at our institution, its performance
would likely be inferior to that described in our paper. Further-
more, similar suboptimal performance of the AGA guidelines
was demonstrated in a recently published retrospective series
containing 41 patients with pancreatic cysts with available di-
agnostic pathology. In that study, the AGA guidelines were
shown to have 62% sensitivity, 79% specificity, 57% positive
predictive value, and 82% negative predictive value for ad-
vanced neoplasia; also, 45% of intraductal papillary mucinous
neoplasms with adenocarcinoma or high-grade dysplasia were
missed [19].

Conclusion
In conclusion, for referral to EUS, the AGA guidelines were high-
ly specific compared to Fukuoka; both suffer from poor sensi-
tivity, although the Fukuoka guidelines were relatively more
sensitive than AGA. Regarding surgical referral, both sets of
guidelines perform with only modest sensitivity and specificity
in identifying high-risk pancreatic cystic lesions. Therefore,
more accurate diagnostic studies are necessary to better iden-
tify lesions needing further evaluation and surgical resection in
order to optimize resource utilization and decrease risk to the
patient from both unnecessary procedures as well as delay of
care.
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