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Abstract

Background—The 2012 Sendai Criteria recommend that patients with 3 cm or larger branch 

duct intraductal papillary mucinous neoplasms (BD-IPMN) without any additional “worrisome 

features” or “high-risk stigmata” may undergo close observation. Furthermore, endoscopic 

ultrasound (EUS) is not recommended for BD-IPMN <2 cm. These changes have generated 

concern among physicians treating patients with pancreatic diseases. The purposes of this study 

were to (i) apply the new Sendai guidelines to our institution's surgically resected BD-IPMN and 

(ii) re-evaluate cyst size cutoffs in identifying patients with lesions harboring high-grade dysplasia 

or invasive cancer.

Methods—We retrospectively reviewed 150 patients at a university medical center with 

preoperatively diagnosed and pathologically confirmed IPMNs. Sixty-six patients had BD-IPMN. 

Pathologic grade was dichotomized into low-grade (low or intermediate grade dysplasia) or high-

grade/invasive (high grade dysplasia or invasive cancers). Fisher's exact test, chi-square test, 

student's t-test, linear regression and receiver operating characteristic (ROC) analyses were 

performed.

Results—The median BD-IPMN size on imaging was 2.4 cm (interquartile range: 1.5-3.0). 

Fifty-one (77%) low-grade and 15 (23%) high-grade/invasive BD-IPMN were identified. ROC 

analysis demonstrated that cyst size on pre-operative imaging is a reasonable predictor of grade 

with an area under the curve of 0.691. Two-thirds of high-grade/invasive BD-IPMN were <3 cm 

(n = 10). Compared to a cutoff of 3 cm, 2 cm was associated with higher sensitivity (73.3% vs. 
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33.3%) and negative predictive value (83.3% vs 80%, NPV) for high-grade/invasive BD-IPMN. 

Mural nodules on endoscopic ultrasound (EUS) or atypical cells on endoscopic ultrasound-fine 

needle aspiration (EUS-FNA) were identified in all cysts <2 and only 50% of those <3 cm. Forty 

percent of cysts >3 cm were removed based on size alone.

Discussion/Conclusions—Our results suggest that “larger” size on non-invasive imaging can 

indicate high-grade/invasive cysts, and EUS-FNA may help identify “smaller” cysts with high 

grade/invasive pathology.

Keywords

intraductal papillary mucinous neoplasm; branch duct intraductal papillary mucinous neoplasm; 
Sendai criteria; pancreas

Introduction

Intraductal papillary mucinous neoplasms (IPMN) are mucin producing cystic lesions of the 

pancreas that originate from the ductal epithelium. They occur in 4.35 per 100,000 

individuals[1]. Over time, IPMNs can progress from early-stage lesions with low-grade 

dysplasia to more advanced pathology with high-grade dysplasia or invasive ductal 

adenocarcinoma[2-5]. The cyst characteristics on noninvasive imaging (CT or MRI)[6-9] 

and endoscopic ultrasound (EUS)[10-13] associated with high grade dysplasia or invasive 

cancer as well as the optimal indications for surgical intervention have been debated since 

they were originally described in the 1980s[14-22].

The primary classification scheme for IPMN is centered on the distinction between main 

duct (MD-IPMN) and branch duct (BD-IPMN) types. MD-IPMN are cystic lesions with 

dilatation of the main pancreatic duct. The incidence of cancer in surgically resected MD-

IPMN ranges from 41–60%[23-25]. In contrast, BD-IPMN do not involve the main 

pancreatic duct. The incidence of cancer in resected BD-IPMN ranges from 11–30%[24-26].

International consensus guidelines were developed in Sendai, Japan in 2005 (and published 

in 2006) to help guide the management of patients with IPMN[20]. Due to the high 

incidence of high grade dysplasia or invasive cancer in resected MD-IPMN, the original 

guidelines recommended that all cysts associated with a main pancreatic duct ≥1 cm in 

diameter be resected at the time of diagnosis. In contrast, surgical resection was only 

recommended for BD-IPMN, which were associated with symptoms, contained mural 

nodules, or had malignant cells on cyst fluid analysis. Interestingly, the 2006 consensus 

statement called for additional investigation into the correlation between cyst size and 

advanced pathology, particularly those ≥3 cm, before a strong recommendation could be 

made on the management of cysts based on their size. Due to this uncertainty, most 

physicians recommended surgical resection for BD-IPMN ≥3 cm until more information 

was available.

In response to numerous studies published over the ensuing six years testing the ability of 

the 2006 Sendai Criteria to identify cysts with advanced pathology[27-30], the guidelines 

were revised in 2012[22]. In brief, the new guidelines expand the preoperative imaging 
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criteria of MD-IPMN from cysts with a main duct diameter ≥1 cm to also include those with 

a duct diameter ≥5 mm (in the absence of other causes of duct obstruction). Similar to the 

original version, the 2012 Sendai Criteria recommend that cysts with “high risk stigmata” 

(HRS), defined as those that cause biliary obstruction, contain an enhancing solid 

component, or main pancreatic duct diameter ≥1 cm, be surgically resected. Additionally, 

the new guidelines include a new category of “worrisome features” (WF), which include 

cyst size ≥3 cm, thickened or enhancing cyst wall, non-enhancing mural nodules, abrupt 

change in main pancreatic duct caliber with distal pancreatic atrophy, lymphadenopathy, or 

main pancreatic duct size of 5-9 mm. Cysts with WF identified on noninvasive imaging are 

recommended to be further evaluated with EUS.

Notably, as compared to the 2006 version, the 2012 Sendai Criteria place less emphasis on 

cyst size. They suggest that patients with cysts ≥3 cm without WF or HRS can potentially 

undergo observation. Furthermore, they do not recommend evaluation of cysts without WF 

by EUS until they reach 2 cm on CT/MRI. These changes have generated concern amongst 

physicians treating patients with pancreatic cystic lesions as there is a growing body of 

evidence showing that even small (<3 cm) cysts without WF or HRS can harbor high grade 

pathology[31-33] and that CT/MRI is not sensitive at identifying these features, thus 

suggesting EUS be included in evaluating smaller (<2 cm) cysts.

Therefore, the aims of this study were to examine our institution's experience with surgically 

resected BD-IPMN to determine the (i) association between preoperative imaging cyst size 

and high grade dysplasia or invasive cancer and (ii) sensitivity of the new Sendai guidelines 

for identifying cysts with advanced pathology.

Methods

Data Source and Study Subjects

A total of 1,482 patients who underwent pancreatic resection between July 1996 and June 

2012 at the University of California, Los Angeles Medical Center, a university-based, 

tertiary care medical center, were identified in a prospectively maintained database. Patients 

were included if they had a preoperative diagnosis of a pancreatic cystic lesion on 

noninvasive imaging that was highly suspicious for IPMN and underwent surgical resection 

with pathologic confirmation. Those who underwent pancreatic resection for another 

indication and had an incidentally identified IPMN remote from the index lesion on surgical 

pathology were excluded. Using these criteria, 150 patients were identified with a 

preoperative diagnosis of IPMN. MD- and BD-IPMN were distinguished using the 2012 

Sendai Guidelines on preoperative imaging. MD-IPMN were defined as those with dilated 

main pancreatic duct (MPD) >5 mm on CT/MRI or EUS without other causes of 

obstruction. IPMN with features of both MD- and BD-IPMN (mixed type) were also 

grouped with the MD-IPMNs, as these all contained MPD >5 mm which categorizes them as 

MD-IPMN in the 2012 Sendai Criteria[22]. BD-IPMN was reserved for the remaining 

patients. Using this schema, 84 MD- and 66 BD-IPMNs were identified in our series; the 

latter are the focus of this study.
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Data Acquisition

Data was extracted from the patients' electronic medical records. Data collected included 

demographics, preoperative symptoms and risk factors, imaging and biopsy results, 

operative information, surgical pathology, and post-operative outcomes. For patients (n=15) 

who did not have a radiographic cyst size reported, pathologic size was used, as 

radiographic and pathologic size had a high correlation (R=0.905) in patients who had both.

Statistical Analyses

Data preparation and analysis was performed with SPSS Statistics 20 (IBM, Somers, NY). 

For our analysis, we dichotomized pathologic grade into low-grade (low or intermediate 

grade dysplasia) or high-grade/invasive (high grade dysplasia or invasive cancer) lesions. 

Fisher's exact test was applied to the analysis of dichotomized categorical data sets. Pearson 

chi-square test was applied to data sets of more than two categories. Student's t-test was 

performed on continuous dichotomized quantitative data. Linear regression analysis was 

performed to determine the strength of correlation of imaging size to pathologic size. A 

multivariate logistic analysis model was performed to assess the association of risk factors 

nearing statistical significance upon odds of high-grade pathology. Receiver operating 

characteristic (ROC) analysis was generated to determine optimal size cutoff by pairing 

imaging size against high pathologic grade. P<0.05 was considered statistically significant.

Results

Clinicopathologic Characteristics for All Patients

The clinicopathologic characteristics for all 66 BD-IPMN patients are listed in Table 1. The 

median age was 69 years (interquartile range, IQR: 58–75), and there were 42 (64%) 

females. All patients underwent an abdominal CT or MRI. EUS was performed on 62 (93%) 

patients with 49 (74%) also undergoing an EUS-guided FNA. Most cysts were identified 

incidentally on noninvasive imaging or as a workup for abdominal pain (43.9% and 37.9%, 

respectively) and located in the head of the gland (n=48, 72.7%). Median cyst size on 

preoperative imaging was 2.4 cm (IQR: 1.5–3.0). At surgery, the majority of patients 

underwent a Whipple procedure (71.2%); while fewer had a distal, middle, or total 

pancreatectomy (18.2%, 6.1%, or 4.5%, respectively).

On pathologic analysis, there were 51 (77%) low-grade (74.2% low, and 3% intermediate 

grade dysplasia), and 15 (23%) high-grade/invasive (16.7% high grade dysplasia and 6.1% 

invasive cancer) lesions (Figure 1).

Clinicopathologic Characteristics of Low-grade vs. High-grade/invasive BD-PMN

Notably, a significantly greater percentage of low-grade IPMNs were removed from females 

than high-grade/invasive ones (71% vs. 40% respectively, p=0.038; Table 1). High-grade/

invasive IPMNs more frequently occurred in the head of the pancreas (86.7% vs. 68.6%) 

and were associated with higher preoperative serum bilirubin levels (1.65 mg/dL vs. 0.70 

mg/dL, p = 0.125) compared to low-grade IPMNs.
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Cyst Characteristics Predictive of High-grade Pathology

We analyzed the ability of the 2012 Sendai “worrisome features” to predict high-grade/

invasive BD-IPMN (Table 2). This revealed that two-thirds of high-grade/invasive IPMN 

were <3 cm on preoperative imaging (n=10/15; Table 2). The sensitivity and specificity of 

mural nodules identified on CT/MRI or EUS for high-grade/invasive pathology were 41% 

(5/12) and 72% (37/51), respectively. The sensitivity and specificity of atypical or malignant 

cells seen on FNA cytology for high-grade/invasive IPMN were 45% (5/11) and 84% 

(32/38), respectively.

Multivariate Analysis of Factors Predictive of High-grade Pathology

We next utilized a logistic regression model to determine the association of a combination of 

risk factors nearing statistical significance to high-grade pathology (Table 3). Interestingly, 

while the significance of sex, tobacco history, and weight loss appeared to be weakened, the 

association of atypical or malignant cells on FNA appeared to be enhanced in the 

multivariate analysis (OR: 7.316, p = 0.038).

Comprehensive Analysis of Pathology Stratified on Cyst Size

A Receiver Operatic Characteristic (ROC) analysis revealed that cyst diameter (i.e. cyst 

size) on CT/MRI or EUS was a reasonable predictor of pathologic grade with an area under 

the curve (AUC) of 0.691 (Figure 2). Therefore, a comprehensive sensitivity and specificity 

analysis of radiographic cyst size on pathologic grade was performed.

The sensitivities, specificities, and negative predictive values (NPV) across various cyst size 

cutoffs for high-grade/invasive pathology are listed in Table 4 and graphically depicted in 

Figure 3. The sensitivity and specificity curves intersect at a cutoff between 2–2.5 cm. The 

sensitivities and NPV for cutoffs of 2 or 2.5 cm are 73.3 and 83.3, or 53.3 and 83.3, 

respectively. Moreover, the NPV for all size cutoffs less than 3 cm are greater than the 3 cm 

emphasized in the 2006 and 2012 Sendai Criteria.

Only 50% (5/10) of the <3 cm cyst group with high-grade/invasive pathology had WF or 

HRS (solid component/mural nodule or atypical FNA cytology; Table 5). The decision was 

made to resect the other cysts due to abdominal pain (n=4) or patient anxiety (n=1). Of 

smaller cysts 71% (5/7) of cysts <2.5 cm and 100% (4/4) of cysts <2 cm, had WF, HRS, or 

suspicious results on EUS-FNA. Interestingly, while only 25% (1/4) of resected high-grade/

invasive cysts <2 cm had mural nodules detected on EUS, 100% (4/4) had atypical FNA 

cytology (Table 4). All of the <2 cm cysts occurred in patients who were asymptomatic. 

Moreover, 2 of the 5 (40%) cysts >3 cm were removed based on size alone (i.e. not 

associated with symptoms or WF or HRS).

Discussion

Since their original description in the 1980s[34], the prevalence of dysplasia or invasive 

cancer in pathologically confirmed MD- or BD-IPMNs has become well-defined. However, 

the ability to accurately identify cysts with high-grade/invasive pathology preoperatively 

remains a challenge. The Sendai Consensus Guidelines, first published in 2006 and later 
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revised in 2012, were thus developed by incorporating well-performed retrospective studies 

and expert opinions in order to aid in the management of patients with pancreatic cysts[20, 

22].

Cyst size is a key feature highlighted in each of the Sendai versions. In 2006, it was 

suggested that resection in patients with BD-IPMN ≥3 cm was reasonable but additional 

investigation clarifying the relationship between high-grade/invasive pathology and cyst size 

was required before firm recommendations could be made. In response to studies published 

over the ensuing 6 years, the subsequent 2012 Guidelines called for observation of BD-

IPMN ≥3 cm without WF or HRS. In our study, we found a ROC AUC of 0.691 for cyst 

size and pathologic grade (Figure 2). This suggests a modest relationship between these cyst 

features. By this analysis, we found that the 3 cm size cutoff highlighted in both editions of 

the consensus guidelines was not optimal in our patient population. Rather, cyst size cutoffs 

of 2 or 2.5 cm had higher sensitivities (73.3% and 53.3%) and NPVs (83.3% for both) than 

the Sendai cutoff of 3 cm (33.3% and 80%, respectively; Table 3). While cyst size is no 

longer an absolute indication for surgery, these data suggest that this characteristic still has a 

reasonable association with grade and should be considered when making treatment 

decisions.

Moreover, the 2012 Sendai Criteria also suggest that cysts <2 cm without WF or HRS on 

noninvasive imaging can be observed with CT/MRI at various intervals. EUS is only 

recommended for those BD-IPMN ≥2 cm. This change is also concerning, as the sensitivity 

of CT/MRI to identify mural nodules is only 24-62%[35, 36]. In our series, only 25% (1/4) 

of high-grade/invasive BD-IPMN <2 cm had nodularity detected on either EUS or CT/MRI. 

However, 100% (4/4) of these cysts had atypical cells on FNA. EUS alone without FNA 

would have failed to identify the 3 of 4 patients with <2 cm cysts with high-grade/invasive 

pathology. All 4 of these patients were asymptomatic. Therefore, EUS with FNA helped 

determine the treatment course for these patients, especially those with smaller cysts.

In 2013, Sahora et al. critically evaluated the change in Sendai criteria in a prospective study 

of patients treated for IPMN, and found that high-grade/invasive cysts were larger than low-

grade ones. Cyst size cutoff for surgical resection was important to identify 18% of larger 

high-grade/invasive cysts not identified by additional Sendai criteria[37]. In our series, we 

similarly found a trend towards larger median cyst size for high-grade/invasive vs. low-

grade BD-IPMN (2.7 cm vs. 2.3 cm). Further, we found by ROC analysis (Figure 2) that 

cyst size was a reasonable predictor of pathology. There were 2 of 5 cysts >3 cm with high 

grade dysplasia or invasive cancer resected on the basis of size alone. However, this 

association incompletely identified smaller high-grade/invasive cysts. While cyst size may 

remain valuable for identifying a large proportion of high-grade/invasive lesions, there 

remain smaller cysts that are unidentified by size cutoffs alone.

Multiple recent studies have also highlighted the existence of many small, high-grade/

invasive BD-IPMN. Jang et al. found that a 2 cm threshold for surgical resection yielded 

maximum sensitivity and specificity of 68% and 60%, respectively[33]. Schmidt et al. found 

malignant IPMNs were frequent in smaller lesions with a mean cyst size of 2 cm[31]. Fritz 

et al. similarly found that in “Sendai Negative” BD-IPMN, about half were <3 cm and a 
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quarter of these smaller lesions were of high pathologic grade[32]. In our series, two-thirds 

of high-grade/invasive IPMN were <3 cm (Table 5). Furthermore, 50% of these “small” 

lesions did not have any other Sendai 2012 WF or HRS. These patients underwent surgical 

resection due to associated symptoms and anxiety about the uncertain pathologic diagnosis 

of the cyst. A size cutoff of 2 cm was associated with the highest sensitivity and NPV for 

high-grade/invasive pathology. Interestingly, all size cutoffs for resection less than the 3 cm 

had higher NPV than the 3 cm value.

Whether or not patient clinical information can also be used to identify high-grade/invasive 

cysts and assist in patient management has also been the subject of much debate. Most 

clinicians believe that cysts which cause symptoms (“symptomatic cysts”) should be 

surgically resected[38], as the symptoms may be burdensome to the patient and also an 

indicator of high grade or invasive lesions[27, 39, 40]. Moreover, the 2006 and 2012 Sendai 

Criteria also recommend that “symptomatic cysts” be resected. In our series, despite the 

finding that patients presenting with associated symptoms were equally likely to have low-

grade or high-grade/invasive IPMNs, 4 of the 5 cysts <3 cm without other WF or HRS were 

resected because they were associated with abdominal pain. Therefore, our data further 

support the Sendai Guidelines, which recommend surgical resection for cysts associated 

with patient symptoms.

Taken together, our results suggest that “larger” size on noninvasive imaging can indicate 

high-grade/invasive cysts, and EUS-FNA may help identify “smaller” cysts with with high 

grade/invasive pathology.
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Abbreviations

IPMN intraductal papillary mucinous neoplasms

BD-IPMN branch duct intraductal papillary mucinous neoplasms

MD-IPMN main duct intraductal papillary mucinous neoplasms

HRS high risk stigmata

WF worrisome features

ROC receiver operating characteristic

NPV negative predictive value

EUS endoscopic ultrasound

FNA fine needle aspiration

IQR interquartile range

AUC area under curve
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Figure 1. 
Distribution of Pathologic Grade.
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Figure 2. 
ROC curve for alternative size cutoff to predict BD-IPMN pathologic grade by CT/MRI 

imaging.
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Figure 3. 
Sensitivity, specificity, and negative predictive value of high-grade/invasive pathology at 

various BD-IPMN cyst size cutoffs.
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Table 1
Clinical features of patients with BD-IPMN. (n=66)

All patients Low-grade (n=51) High-grade/invasive (n=15) p-value

Median Age, in years (Interquartile Range) 69 (58 – 75) 69 (58 – 75) 69 (59 – 74) 0.805

Sex, n (%)

 Male 24 (36) 15 (29) 9 (60)
0.038

 Female 42 (64) 36 (71) 6 (40)

Primary presentation, n (%)

 Incidental 29 (43.9) 23 (45.1) 6 (40.0)

0.166

 Pain 25 (37.9) 21 (41.2) 4 (26.7)

 Pancreatitis 5 (7.6) 3 (5.9) 2 (13.3)

 Jaundice 2 (3.0) 0 (0.0) 2 (13.3)

 Nausea 1 (1.5) 1 (2.0) 0 (0.0)

 Fatigue 3 (4.5) 2 (3.9) 1 (6.7)

 New onset diabetes mellitus 1 (1.5) 1 (2.0) 0 (0.0)

History of smoking, n (%) 22 (33.3) 14 (27.5) 8 (53.3) 0.117

History of other cancer, n (%) 16 (24.2) 13 (25.5) 3 (20.0) 1.000

Family history of pancreatic cancer, n (%) 5 (7.6) 4 (7.8) 1 (6.7) 1.000

Diabetes mellitus, n (%) 16 (24.2) 12 (23.5) 4 (26.7) 1.000

Associated symptoms, n (%)

 Abdominal pain 33 (50.0) 25 (49.0) 8 (53.3) 1.000

 Fatigue 5 (7.6) 4 (7.8) 1 (6.7) 1.000

 Weight loss 13 (19.7) 8 (15.7) 5 (33.3) 0.152

 Pancreatitis 7 (10.6) 5 (9.8) 2 (13.3) 0.653

Median Cyst Size on Imaging (Interquartile Range) 2.4 (1.5 - 3.0) 2.3 (1.5 – 2.9) 2.7 (2.0 – 3.4) 0.255

Mean Total Bilirubin (mg/dL) (std dev) 0.93 (2.07) 0.70 (0.49) 1.65 (4.11) 0.125

Type of operation, n (%)

 Pancreaticoduodenctomy 47 (71.2) 35 (68.6) 12 (80.0)

0.527

 Distal pancreatectomy 5 (7.6) 5 (9.8) 0 (0.0)

 Laparoscopic distal pancreatectomy 7 (10.6) 5 (9.8) 2 (13.3)

 Middle pancreatectomy 4 (6.1) 4 (7.8) 0 (0.0)

 Total pancreatectomy 3 (4.5) 2 (3.9) 1 (6.7)

Location, n (%)

 Head 48 (72.7) 35 (68.6) 13 (86.7)

0.452 Body/Tail 14 (21.3) 13 (25.4) 1 (6.7)

 Diffuse 4 (6.1) 3 (5.9) 1 (6.7)
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Table 2
Evaluation of the Predictive Value of 2012 Sendai High Risk Features

Total Low-grade High-grade/invasive p-value

Imaging Cyst Size, n (%) (n=66)

 ≥3 cm 16 (24.2) 11 (21.6) 5 (33.3)
0.493

 <3 cm 50 (75.8) 40 (78.4) 10 (66.7)

Mural Nodule, n (%) (n=63)

 Present 19 (30.2) 14 (27.5) 5 (41.7)
0.485

 Absent 44 (69.8) 37 (72.5) 7 (58.3)

FNA Cytology, n (%) (n=49)

 Atypical or Malignant 11 (22.5) 6 (15.8) 5 (45.5)
0.094

 Other 38 (77.5) 32 (84.2) 6 (54.5)
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Table 3
Multivariate Logistic Regression Analysis of Risk Factors

Odds Ratio
95% Confidence Interval

p-value
Lower Upper

Female Sex 0.380 0.064 2.265 0.288

History of Smoking 1.861 0.271 12.767 0.527

Symptom of Weight Loss 2.997 0.514 17.469 0.222

Atypical or Malignant Cells on FNA 7.316 1.116 47.957 0.038

Cyst Size >3.0 cm 2.924 0.374 22.832 0.306
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Table 5
Presence of “Worrisome Features” or “High Risk Stigmata” in Small Cysts

Size Cutoff (cm) Number of High-grade/invasive Cysts Below Cutoff Number of Cysts with Sendai WF or HRS (%)

3 10 5 (50%)

2.5 7 5 (71%)

2 4 4 (100%)*

WF: “worrisome features”; HRS: “high risk stigmata.”

*
1 of 4 high-grade/invasive cysts <2 cm (25%) had a mural nodule on EUS and a solid component on CT/MRI.
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