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ABSTRACT

Background and aims
Currently, three guidelines are available for the management of pancreatic cysts. These 
guidelines vary in their indication for resection of high-risk cysts. We retrospectively 
compared the final pathological outcome of surgically removed pancreatic cysts with the 
indications for resection according to three different guidelines.

Methods
Patients who underwent pancreatic resection were extracted from our prospective 
pancreatic cyst database (2006-present). The final histopathological diagnosis was 
compared with the initial indication for surgery stated by the guidelines of the International 
Association of Pancreatology (IAP), European Study Group on Cystic tumours of the 
Pancreas and American Gastroenterological Association (AGA). We considered surgery 
in retrospect justified for malignancy, high-grade dysplasia, solid pseudopapillary 
neoplasms, neuroendocrine tumors or symptom improvement. Furthermore, we evaluated 
the patients with suspected IPMN separately.

Results
Overall, 115 patients underwent pancreatic resection. The preoperative diagnosis was 
correct in 83/115 (72%) patients and differentiation between benign and (pre)malignant 
in 99/115 (86%) patients. In retrospect, surgery was justified according to the above-
mentioned criteria in 52/115 (45%) patients. For patients with suspected intraductal 
papillary mucinous neoplasm (IPMN) (n=75) resection was justified in 36/67 (54%),36/68 
(53%) and  32/54 (59%) of  patients who would have had surgery based on the IAP, 
European or AGA guideline, respectively. The AGA guideline would have avoided resection 
in 21/75 (28%) of patients, versus 8/75 (11%) and 7/75 (9%) when the IAP or European 
guideline would have been applied strictly. Nevertheless, 4/33 (12%) of the patients with 
high-grade dysplasia or malignancy would have been missed with the AGA guideline, 
compared to none with the IAP or European guidelines.

Conclusion
Although fewer patients undergo unnecessary surgery based on the AGA guideline, 
the risk of missing malignancy or high-grade dysplasia with this guideline seems  
considerably high. 
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INTRODUCTION

Pancreatic cysts are common as they are found in 2.4-19.6% of the general population.1-4 
Although most patients with suspected premalignant cysts undergo surveillance, three 
current guidelines provide indications for surgical resection based on symptoms or the 
(perceived) risk of malignancy.5-7 

According to the guidelines of the International Association of Pancreatology (IAP)6, 
the European Study Group on Cystic tumours of the Pancreas5 and the American 
Gastroenterological Association (AGA)7 resection is indicated in patients with a mucinous 
cystic neoplasm (MCN) or solid pseudopapillary neoplasms (SPN). In patients with 
intraductal papillary mucinous neoplasm (IPMN) the guidelines vary in their advice (Table 
1). Most guidelines advise resection in case of involvement of the main pancreatic duct 
(i.e. main duct (MD)- or mixed type (MT)-IPMN).5-8 However, the AGA guideline does not 
recommend resection for main duct dilatation alone, but requires presence of a nodule 
or malignant cytology as well. Resection of side branch (SB)-IPMNs is only indicated 
when a patient is symptomatic or when there are (combinations of) signs of malignant 
progression, such as jaundice, an enhancing nodule and/or suspicious cytology. 

The primary goal of the management of patients with premalignant pancreatic cysts is 
alleviation of symptoms and preventing malignancy, while avoiding unnecessary surgery. 
The natural history of pancreatic cysts is, however, not completely clear, but it is known 
from other types of tissues that dysplasia does not always progress to malignancy.9, 10 
Nevertheless, surgical resection of pancreatic cysts with high-grade dysplasia is generally 
accepted.11 Currently, it is unclear whether the accuracy of the guidelines of the IAP, the 
European Study Group and the AGA is comparable for predicting high-grade dysplasia 
or malignancy. Therefore, the aim of this study was to compare the final pathological 
outcome of surgically removed pancreatic cysts with an indication for resection according 
to the three different guidelines.
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Table 1. Current guidelines for surgery of intraductal papillary mucinous neoplasm (IPMN)

Guideline Absolute indications 
for surgery

Relative indications 
for surgery

International 
Association of 
Pancreatology; 
Tanaka et al. 20126

•	 Jaundice 
•	 Enhancing nodule
•	 PD ≥10 mm

•	 Cyst size ≥3 cm
•	 Thickened/enhancing cyst walls
•	 PD 5-9 mm
•	 Non-enhancing nodule
•	 Abrupt change caliber PD with     
        distal pancreatic atrophy
•	 Recurrent pancreatitis

European guideline; 
Del Chiaro et al. 20135

•	 Jaundice, diabetes,  
        acute pancreatitis
•	 Nodule
•	 PD > 6 mm
•	 Size ≥ 4 cm

•	 Rapidly increasing size
•	 Elevated serum CA 19-9

American 
Gastroenterological 
Association; 
Vege et al. 20157

•	 Solid component and  
        PD ≥ 5  mm (on MRI  
        and EUS)
•	 Cytology positive for     
        malignancy

Indication for surgery of intraductal papillary mucinous neoplasm (IPMN) according to the 
International Association of Pancreatology, European guidelines of the European Study Group on 
Cystic Tumours of the Pancreas and American Gastroenterological Association institute guideline.5-7 
PD = pancreatic duct.

METHODS

Patients
Since November 2006, all patients presenting at our tertiary care center with a potential 
neoplastic pancreatic cyst were registered in a prospective database. We retrospectively 
analyzed all patients who underwent surgery because of their cyst(s) up to September 
2015. The decision for surgical treatment was made in our multidisciplinary hepato-
pancreato-biliary team meetings, in the vast majority according to the IAP guidelines 
of 2006 and 2012.6, 12 The diagnosis was made based on the combination of findings 
on magnetic resonance imaging (MRI), computed tomography (CT) and/or endoscopic 
ultrasound (EUS) with or without cyst fluid analysis, depending on the investigations 
that were performed. Resection was considered for suspected pancreatic malignancy 
(pancreatic ductal adenocarcinoma or malignant pancreatic cyst), MCN, SPN, cystic 
neuroendocrine tumors (NET) and pancreatic cysts causing symptoms (e.g. SB-IPMN 
with recurrent pancreatitis or serous cystic neoplasm (SCN) causing abdominal pain or 
gastric outlet obstruction). When IPMN was suspected, patients were referred for surgery 
if a patient had at least one high-risk stigmata: a(n) (enhancing) nodule, pancreatic duct 
(PD) dilatation of 10 mm or more, jaundice or cytology suspicious of malignancy. Relative 
indications for surgery in patients with an IPMN were presence of one or more worrisome 
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features: PD dilation between 5 and 9 mm, cyst size ≥3 cm, cyst growing in size, 
thickened/enhancing cyst walls or abrupt caliber change of the PD with distal pancreatic 
atrophy. Before 2006, cyst size ≥3 cm and PD dilatation >6 mm were absolute indications 
for surgery, after 2006 these were relative indications.12 Our Medical Ethical Committee 
agreed on this retrospective analysis of prospectively collected observational data. 

Outcomes
Data on patient demographics, symptoms, imaging, operation characteristics and 
histopathology were extracted from the database. Cyst size was recorded as the 
maximum diameter on imaging (MRI, CT and/or EUS) as stated in the report. If multiple 
cysts were present, the size of the largest cyst was used for the analyses. Cyst growth 
was defined as increase in size of ≥10 mm between the first and latest imaging.13 The PD 
was considered dilated when the diameter was ≥5 mm.6 Level of dysplasia was recorded 
as the highest grade of dysplasia, subdivided into non-dysplastic, low-grade, borderline or 
high-grade dysplasia, or malignancy.14 Follow-up duration was recorded as time in months 
between initial cyst diagnosis (the first cross-sectional imaging on which the cyst was 
detected) and last available imaging data. Survival data were collected using the municipal 
personal records database that contains the personal details of all Dutch inhabitants  
(August 29, 2016).

Accuracy of the preoperative diagnosis was calculated as the number of patients in 
whom the correct preoperative diagnosis was made. For this analysis MD- and MT-IPMN 
were considered as the same entity. We also calculated the number of patients in whom 
the preoperative differentiation between benign (SCN, non-neoplastic pancreatic cyst) 
and (pre)malignant (MCN, IPMN, SPN, NET, malignancy) was correct. 

We subdivided pancreatic cysts in three groups based on the pathological outcome; 
malignant cysts (invasive malignancy and high-grade dysplasia, SPN, NET), premalignant 
cysts (MCN or IPMN with no, low-grade or borderline dysplasia) and benign cysts (e.g. 
SCN, pancreatic fluid collection (PFC)). Based on the histopathological outcomes, we 
considered surgery justified in retrospect for the malignant subgroup or in patients 
with symptom improvement after resection of a symptomatic cysts (i.e. recurrent 
pancreatitis, gastric outlet obstruction or abdominal pain). Surgery was considered 
overtreatment in retrospect in patients with premalignant cysts or benign cysts or 
in patients without symptom improvement after resection of a cyst suspected to  
cause symptoms. 

Furthermore, we evaluated the number of patients with suspected IPMN in whom 
resection was indicated based on the IAP, European and AGA guideline, see table 1. We 
considered resection indicated if there was at least one absolute indication present, or 
at least 2 relative indications. With respect to the IAP guideline, presence of any nodule 
was considered a high-risk stigma because enhancement could not be specified in all 
patients, since it was often discovered during EUS without use of intravenous contrast. 
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Statistical analysis
Descriptive statistics were computed for all study variables. Data were analyzed with 
IBM SPSS Statistics version 22.0 (IBM Corp., Armonk, NY, USA). Categorical data were 
reported as frequency or percentage. Continuous data were reported as mean ± standard 
deviation (SD) or as median and interquartile range (IQR), depending on the distribution. 
Survival was assessed using Kaplan-Meier analysis from the date of pancreatic surgery 
until death or last moment of follow-up (censored observation). Survival of patients 
with malignant, premalignant and benign cysts were compared using a log-rank test. 
The final pathological outcome of patients with surgically removed pancreatic cysts 
treated according to the IAP, European and AGA guideline were compared using  
Cochran’s Q test.

RESULTS

From the 371 patients in our pancreatic cyst database, 121 underwent surgical resection. 
Since 6 patients had incomplete data, 115 patients were included in our analysis (mean 
age 60 years [15.1 SD], 57.4% female). We previously reported accuracy of MRI, EUS and 
EUS with fine needle aspiration (FNA) in 32 of these patients.15 

Patient characteristics at time of surgery are shown in table 2. Cysts were initially identified 
on imaging performed for (suspicion of) a non-pancreatic disease (37/115 [32.2%]), 
abdominal pain (32/115 [27.8%]), weight loss (6/115 [5.2%]), abdominal pain and weight 
loss (8/115 [7.0%]), jaundice (12/115 [10.4%]), pancreatitis (11/115 [9.6%]), a palpable 
mass in the abdomen (3/115 [2.6%]), new endocrine or exocrine insufficiency (2/115 
[1.7%]), preventive investigation without referral from a medical doctor (2/115 [1.7%]) or 
unknown indication (2/115 [1.7%]). 

Most patients were referred for surgery at initial presentation (103/115 [89.6%]). After 
initial surveillance, a further 12/115 patients (10.4%) underwent surgery (median follow-
up 20 months, IQR 10.5-31.75 months). EUS was performed in 83/115 patients (72.2%) 
of patients with cyst fluid analysis in 65/115 patients (56.5%). Cytology was suspicious 
for malignancy in 10/65 patients (15.3%) in whom FNA was performed. Surgery was 
considered indicated because of suspicion of pancreatic malignancy (32/115 [27.8%]), 
MD-IPMN (29/115 [25.2%]), MCN (22/115 [19.1%]), presence of a nodule (16/115 
[13.9%]), SB-IPMN ≥3 cm (8/115 [7.0%]), symptoms (4/115 [3.5%]), SPN (3/115 [2.6%]) 
or an indistinct mucinous cyst (IPMN or MCN) (1/115 [0.9%]). Of all 75 patients with a 
possible IPMN, 55/75 (73.3%) had at least one high-risk stigmata and 19/20 remaining 
patients (95.0%) of patients had one or more worrisome features, see table 3. 
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Table 2. Patient characteristics.

N = 115
Age, mean (SD), in years 60 (15.1)
Female, n (%) 66 (57.4)

Location of cysts 
Head, n (%)
Body, n (%)
Tail, n (%)
Multifocal, n (%)
Peripancreatic, n (%)

42 (36.5)
17 (14.8)
31 (27.0)
24 (20.8)
1 (0.9)

Size cyst, median (IQR) in cm 4.0 (3.0-6.1)
Size PD

< 5 mm, n (%)
5-9 mm, n (%)
≥ 10 mm, n (%)

59 (51.3)
30 (26.1)
26 (22.6)

Nodule, n (%) 39 (33.9)
Mass, n (%) 18 (15.7)
Jaundice, n (%) 12 (10.4)

Type of surgery
Pancreatoduodenectomy, n (%)
Distal pancreatectomy, n (%)
Central pancreatectomy, n (%)
Total pancreatectomy, n (%)
Cyst enucleation, n (%)
Explorative laparotomy, n (%)

48 (41.7)
49 (42.6)
5 (4.3)
3 (2.6)
5 (4.3)
5 (4.3)

Table 3. Preoperative worrisome features in 75 resected intraductal papillary mucinous neoplasms.

N = 75 (%)

High-risk stigmata 55 (73.3)

Worrisome features
0
1
2
3
≥ 4

1 (1.3)
7 (9.3)

11 (14.7)
3 (1.3)
0 (0)

Presence of high-risk stigmata and worrisome features in patients with intraductal papillary mucinous 
neoplasm (IPMN) according to the International Association of Pancreatology guideline.6

Most patients underwent pancreatoduodenectomy (48/11 [41.7%]) or distal 
pancreatectomy (49/115 [42.6%]), table 2. Two patients underwent a second resection 
resulting in a total pancreatectomy after 23 and 35 months, because of recurrence of MD-
IPMN with high-grade dysplasia and malignancy, respectively. Surgical exploration was 
discontinued in 5 patients because of irresectable pancreatic malignancy (n=4) or chronic 
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pancreatitis with resolution of the cyst (n=1). Of the 4 patients with irresectable pancreatic 
malignancy, 3 had been referred for surgery directly after their initial presentation. One 
patient was scheduled for follow-up EUS after 3 months because an initial diagnosis of 
pancreatitis caused by an underlying IPMN. During follow-up EUS a malignant IPMN was 
suspected, with cytology positive for malignancy. 

Twenty-two patients (19.1%) died after a median of 15 months (IQR 10-33 months) after 
surgery. None of the patients died within 30 days after surgery. The 1-, 3- and 5-year 
survival were 93.0%, 78.8% and 67.7%, respectively. The Kaplan-Meier curve for survival 
is shown in figure 1.

Pathology outcomes
The preoperative cyst-classification was correct in 83 patients (72.2%). In 99 patients 
(86.1%) the correct differentiation was made between cysts with and without malignant 
potential. Table 4 shows the proportion of patients in whom the correct preoperative 
diagnosis was made, subdivided by the type of cystic lesion. Overall, MD/MT-IPMNs, 
SB-IPMNs and MCNs were diagnosed with high accuracy (89.0%, 80.0% and 92.9%, 
respectively).

Table 4. Preoperative and postoperative diagnosis and the accuracy of the preoperative diagnosis.

Diagnosis
Preoperative 
diagnosis
N = 115 (%)

Definitive 
diagnosis
N = 115 
(%)

Correctly 
diagnosed 
preoperatively
N/total N (%)

Overall 83/115 (72.2)
Benign – (pre)malignant 99/115 (86.1)
(Pre)malignant MD/MT-IPMN 51 (44.3) 55 (47.8) 49/55 (89.0)

SB-IPMN 22 (19.1) 15 (13.0) 12/1 (80.0)
MCN 29 (25.2) 14 (12.2) 13/14 (92.9)
Cystic adeno- 
or acinar cell 
carcinoma

4 (3.5) 4 (3.5) 2/4 (50.0)

SPN 3 (2.6) 4 (3.5) 2/4 (50.0)
Unknown 2 (1.7) 1 (0.9)
NET 1 (0.9) 3 (2.6) 1/3 (33.3)

Benign SCN 3 (2.6) 9 (7.8) 3/9 (33.3)
Lymphoepithelial 
cyst 0 (0) 1 (0.9) 0/1 (0)

Lymphangioma 0 (0) 1 (0.9) 0/1 (0)
Retention cyst 0 (0) 2 (1.7) 0/2 (0)
Chronic 
pancreatitis/PFC 0 (0) 6 (5.2) 0/6 (0)

MT: mixed type; MD: main duct, IPMN: intraductal papillary mucinous neoplasm; SB: side branch; 
MCN: mucinous cystic neoplasm; NET: neuroendocrine tumor; SPN: solid pseudopapillary neoplasm.
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Figure 1. Kaplan-Meier survival curves (A) of all 115 patients who underwent resection for a 
pancreatic cyst and (B) for patients with malignant (red), premalignant (green) and benign cysts (red).
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Based on the histopathological outcomes, surgery was indicated in 52 patients (45.2%), 
because of malignancy (n=35, 30.4%), high-grade dysplasia (n=6, 5.2%), SPN (n=4, 
3.4%), NET (n=3, 2.6%) or symptom improvement (n=4, 3.4%). In 2 patients, resection 
resulted in symptom improvement, although high risk of malignant progression was the 
primary indication for surgery. In retrospect surgery could be seen as overtreatment for 
the remaining 63 patients (54.8%): resection of a premalignant cyst without high-grade 
dysplasia or malignancy (40.8%), 28 (24.3%) MD/MT-IPMN, 8 (7.0%) SB-IPMN and 11 
(9.6%) MCN, or a pancreatic cystic lesion without malignant potential (13.9%). Resection 
did not result in symptom improvement in 2/4 (50%) of patients who underwent surgery 
because of a symptomatic cystic lesion.

As stated, the indication for resection of a suspected IPMN varies among the 3 current 
guidelines (table 1).5-7 In our cohort, IPMN was suspected in 75 patients. The pathological 
outcome when each of these guidelines would have been applied strictly is shown in 
table 5. According to the IAP or European guidelines, most patients would have had 
resection (89.3% and 90.7%, respectively) and overtreatment would have been common 
(41.3% and 42.7%). No patients with malignancy or high-grade dysplasia would have 
been missed. Based on the AGA guideline, 21 patients (28.0%) would not have undergone 
surgery, but in 4 (19.0%) of these 21 patients surgery was actually necessary. Two patients 
with malignancy would have been missed (one MD-IPMN of 15 mm and one SB-IPMN 
of 2.3 cm with a nodule) and 2 patients with high-grade dysplasia (also one MD-IPMN of 
15 mm and one SB-IPMN of 2.3 cm with a nodule). Resection would not be indicated in 
22/54 patients (40.7%) who would have had resection according to the AGA guideline. 

Table 5. Comparison of the current guidelines based on pathological outcome

N = 75 patients
Final 
outcome 
based on 
pathology

Proposed 
treatment 
strategy 
according to the 
guideline

IAP 
guideline

(2012)
N patients  
(% total)

European 
guideline 

(2013)
N patients  
(% total)

AGA 
guideline 

(2015)
N patients  
(% total)

p-value

Surgery not 
indicated 
(n=39)

Surveillance
Surgery

8 (10.7)
31 (41.3)

7 (9.3)
32 (42.7)

17 (22.7)
22 (29.3) <0.01

Surgery 
indicated 
(n=36)

Surveillance
Surgery

0 (0)
36 (48.0)

0 (0)
36 (48.0)

4 (5.3)
32 (43) 0.03

Comparison of the outcome in surgically treated patients with suspicion of an intraductal papillary 
mucinous neoplasm (IPMN) based on the International Association of Pancreatology, European 
guidelines of the European Study Group on Cystic Tumours of the Pancreas and American 
Gastroenterological Association institute guideline.5-7
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DISCUSSION

This first study comparing the three current guidelines for surgically removed pancreatic 
cysts demonstrated that although (12-13%) fewer patients will undergo unnecessary 
surgery with the AGA guideline; 12% of pancreatic cysts with high-grade dysplasia or 
malignancy would have been missed when compared to none with the IAP or European 
guidelines. All current guidelines lead to surgical overtreatment of pancreatic cysts based 
on the pathologic outcomes.

Several previous studies reported that the preoperative cyst classification was correct in 
47-78% of patients and differentiation between benign and (pre)malignant was correct 
in 73-97% of patients. 16-20 These results are in line with our findings (72% and 86%, 
respectively). Recently, three studies evaluated the accuracy of guidelines on pancreatic 
cysts; Yamada et al.21 and Kaimakliotis et al22 compared the 2006 and 2012 IAP guidelines 
and Singhi et al.23 evaluated the AGA guideline. Although the 2012 IAP guideline is 
accurate in detecting advanced dysplasia in pancreatic cysts, many patients without 
high-grade dysplasia or invasive malignancy are also operated on. Only Singhi et al.23 
also evaluated the AGA guideline. In contrast to our study, they also included patients 
without definitive histopathological diagnosis, but with molecular analysis on cyst fluid 
(total cohort 225 patients, 41 patients underwent surgery). They showed that if the AGA 
guideline would have been followed, 5/14 patients (36%) with malignancy, high-grade 
dysplasia or a NET would have been missed. 

Although in general resection is recommended for all MCNs in patients who are fit for 
surgery, several studies have suggested that MCNs are less aggressive than previously 
thought.5-7 According to recent literature the prevalence of malignancy in MCN is 15% and 
malignancy or high-grade dysplasia does not occur in MCNs smaller than 4 cm without 
mural nodules.8, 24, 25 Crippa et al.25 evaluated 163 MCNs and showed a strong correlation 
between high-grade dysplasia or malignancy and MCNs with larger size (92% was at 
least 6 cm) and presence of a nodule (64% had a nodule). In our study, MCN was the 
indication for surgical resection in 14 patients, of whom 2 were malignant (14%, 6.5 cm 
and 6.7 cm, one with nodule) and 1 had high-grade dysplasia (7%, 15.0 cm with nodule). 
The remaining premalignant MCNs (79%) had a median size of 4.5 cm (IQR 4.0-9.0 cm), 
without presence of a nodule. Although these findings suggest that immediate resection 
of all MCNs might not be necessary, we cannot make definitive recommendations based 
on these limited data. Also, especially in MCNs adequate pathological assessment of the 
complete wall of should be performed to definitively exclude focal high-grade dysplasia 
or malignancy.26 Nevertheless, a patient-tailored approach of patients with MCN seems 
advisable. This less aggressive treatment strategy should be evaluated in a larger, 
prospective study, possibly within the scope of the PACYFIC study; an international 
prospective cohort study aiming to optimize pancreatic cyst surveillance (clinical trial 
number: NTR4505).
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Because of the high prevalence of malignancy or high-grade dysplasia in MD/MT-IPMN 
(approximately 45%), surgery is recommended in these patients.6, 8 As a consequence 
there is little data available on the natural history of this disease. Three retrospective27-29 
and one prospective30 study reported on 160 patients with MD/MT-IPMN who did not 
undergo surgery at initial presentation because of patients’ preference or comorbidities. 
Overall, in 21% of these patients high-grade dysplasia or malignancy was diagnosed 
after 8-141 months. A larger PD diameter appeared to be a predictive factor in most 
of these series.27, 28 We evaluated 55 patients with MD/MT-IPMN, of which 32.7% were 
malignant and 7.3% showed high-grade dysplasia. Low-grade and borderline dysplasia 
was found in 27.3% and 32.7% of patients, respectively. In MD/MT-IPMNs with high-
grade dysplasia or malignancy median PD diameter was 8.5 mm (IQR 5.75-12 mm). There 
was no significant difference compared to patients with low-grade or borderline dysplasia 
(median diameter 8 mm (IQR 6-11.5 mm), using Mann Whitney U test). At the moment 
it remains challenging to determine which MD/MT-IPMNs might be suitable for initial 
surveillance, whereby the extent of dilation of the PD, as stated in the IAP guideline either 
between 5-9 mm or ≥10 mm dilatation, seems to be the most reliable predictor. 

As mentioned, the recommendation to operate an IPMN varies greatly between current 
guidelines. Compared to the IAP and European guideline, the recent AGA guideline has 
a noticeable more conservative approach: surgery is not recommended if there is only 
dilatation of the PD without other alarming signs or symptoms.7 When the AGA guideline 
would have been applied strictly, still 22/53 patients (41.5%) would have undergone 
resection that was probably not necessary at that time and 4/34 patients (11.8%) with 
malignancy or high-grade dysplasia would have been missed. In our opinion, the number 
of patients in whom surgery would be correctly prevented (18-20%) does not outweigh 
the number of patients with malignancy or high-grade dysplasia that would have been 
missed (0% with IAP/European guideline versus 12% with the AGA guideline). Since 
there are currently no better guidelines, we will continue to use the IAP or European 
guideline for patients with suspicion of an IPMN. For elderly patients or patients with 
poor performance status with MD/MT-IPMN ≥10 mm surveillance could be considered, 
because of the risk of death due to other causes during follow-up and the increased risk 
of postoperative death.27, 29 

This retrospective analysis of prospective data has several limitations. Although we state 
that resection was not indicated according to the final histopathology results in a substantial 
number of neoplastic cysts, we cannot predict whether these cysts would have progressed 
if they had not been resected. Especially in those patients with low-grade and borderline 
dysplasia, it is unknown whether, and if so, when these patients would progress. As 
progression rate seems the highest In IPMN with main duct involvement, resection of low-
grade or borderline dysplastic cysts might be already considered necessary, especially 
in younger patients. Also, the definition of cyst growth (≥10 mm) is chosen arbitrarily; 
change in size should always be considered in the context of the original cyst size and 
time interval from the first to last imaging. Another limitation of the study is our selection 
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bias; we only evaluated the patients who underwent resection. It is therefore unknown in 
how many patients in our surveillance cohort resection is actually warranted, for example 
because of high-grade dysplasia. Unfortunately this bias is inevitable, because definitive 
diagnosis and grade of dysplasia can only be determined reliably with histopathology. 
The number of false negative preoperatively diagnosed ‘innocent’ cysts is therefore 
unknown and could not be compared between the current guidelines. In addition we did 
not apply one standardized protocol for treatment strategy but based the decision on the 
consensus opinion of our multidisciplinary pancreatic meeting, in general according to 
the IAP and European guideline.5, 6, 12 As shown in table 5, 8 patients underwent surgery 
without an indication according to the 2012 IAP guideline. Three of them were operated in 
2006-2012 because of a suspected SB-IPMN ≥3 cm, which was an indication for surgery 
at that time according to the 2006 IAP guideline. In the other 5 cases patients would not 
have undergone surgery if the IAP guideline would have been applied strictly, but surgery 
was classified as indicated during our multidisciplinary pancreatic meeting.    

In conclusion, in many patients with pancreatic cysts who underwent resection, surgery 
is in retrospect not warranted. Although fewer patients will undergo unnecessary surgery 
based on the AGA guideline compared to the IAP and European guidelines, we found a 
substantial risk of missing malignancy or high-grade dysplasia when following the AGA 
guideline. Further studies are needed to decrease the rate of overtreatment that appears 
to be inevitable when applying the current guidelines, without missing malignancies.
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