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Abstract
Objective(s) A dilated main pancreatic duct in the distal remnant after proximal pancreatectomy for intraductal papillary mucin-
ous neoplasms (IPMN) poses a diagnostic dilemma. We sought to determine parameters predictive of remnant main-duct IPMN
and malignancy during surveillance.
Methods Three hundred seventeen patients underwent proximal pancreatectomy for IPMN (Indiana University, 1991–2016). Main-
duct dilation included those ≥ 5mmor Bdilated^ on radiographic reports. Statistics compared groups using Student’s T/Mann-Whitney
U tests for continuous variables or chi-square/Fisher’s exact test for categorical variables with P < 0.05 considered significant.
Results High-grade/invasive IPMN or adenocarcinoma at proximal pancreatectomy predicted malignant outcomes (100.0%
malignant outcomes; P < 0.001) in remnant surveillance. Low/moderate-grade lesions revealed benign outcomes at last surveil-
lance regardless of duct diameter. Twenty of 21 patients undergoing distal remnant reoperation had a dilated main duct. Seven had
main-duct IPMN on remnant pathology; these patients had greater mean maximum main-duct diameter prior to reoperation (9.5
vs 6.2 mm, P = 0.072), but this did not reach statistical significance. Several features showed high sensitivity/specificity for
remnant main-duct IPMN.
Conclusions Remnant main-duct dilation after proximal pancreatectomy for IPMN remains a diagnostic dilemma. Several
parameters show a promise in accurately diagnosing main-duct IPMN in the remnant.
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Introduction

Since the first description in 1982,1 intraductal papillary mu-
cinous neoplasms (IPMN) have become increasingly

recognized as one of the most common cystic lesions of the
pancreas.2 Because of the variable risk of malignant transfor-
mation, the International Consensus Guidelines were devel-
oped to aid clinicians in deciding which patients had higher-
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risk lesions and should undergo surgical resection.3,4 The risk
of progression of residual disease or the development of new
IPMNor even ductal adenocarcinoma in the remnant pancreas
has been recognized. The incidence of recurrent IPMN in the
remnant pancreas after resection is reported between 5.8 and
14.4% in the literature.5–13 These figures support ongoing
surveillance of the remaining pancreas, even if the index
IPMN lesion has been removed in its entirety.

Because of the approximately 60% risk of progression to
malignant disease,4 the presence ofmain-duct-involved IPMN
(MD-IPMN: main-duct or mixed-type IPMN) in the remnant
pancreas warrants further resection. The diagnosis of MD-
IPMN is often made by unexplained dilation of the main pan-
creatic duct (MPD) and abrupt changes in MPD caliber with
distal gland atrophy or through endoscopic ultrasound (EUS)
examining for thickened walls or intraductal mucin suggestive
of MPD involvement.4 However, the distal pancreatic rem-
nant (DPR) after proximal pancreatectomy (PP) poses a
unique and important diagnostic dilemma. In the setting of a
pancreato-enteric anastomosis, a dilated MPD cannot auto-
matically be interpreted as MD-IPMN. In these cases, the
presence of a dilated MPD holds a much broader differential
diagnosis.

A dilatedMPD after PPmay reflectMD-IPMN, anastomotic
stricture or ductal obstruction with upstream MPD dilation,
pancreatitis with gland atrophy, the natural history of the
DPR, or a combination thereof.14–18 Accurate diagnosis in
these patients is important, because the recommended treat-
ments are vastly different. While MD-IPMN are generally
resected, alternate diagnoses depending upon the presence
and severity of symptoms may be treated expectantly and
non-operatively or with advanced endoscopic techniques.16,
19–25 Reoperation may include anastomotic revision, in which
only a small segment of the pancreas is removed. In cases with
diffuse remnant disease requiring completion pancreatectomy,
an apancreatic state is created with resulting endocrine and
exocrine insufficiency. While surgical resection would provide
the diagnosis and potentially treat the disease, this must be
balanced with the known > 30% morbidity associated with
pancreatic surgery regardless of approach.26 Though endoscop-
ic techniques may provide diagnostic and therapeutic value,
because of altered postsurgical anatomy, potential structuring,
or angulation of the MPD, variable success has been reported
for both endoscopic retrograde cholangiopancreatography
(ERCP) and the challenging endoscopic rendezvous
procedure.19,22,27–30 Several prior studies have attempted to
identify the cross-sectional imaging features of MD-IPMN,
pancreatitis, the Bnormal^ postoperative pancreas, or anasto-
motic strictures, but to our knowledge, none has distinguished
between MD-IPMN and other pathologies in the DPR
specifically.31–33

The aim of our study was to evaluate the postoperative
diagnostic techniques and outcomes for patients who

underwent PP for IPMN. We sought to determine which fea-
tures may predict MD-IPMN on DPR reoperative surgical
pathology. Our other goal was to better understand the natural
history of the DPR with/without a dilated MPD after PP for
IPMN and better manage those with MPD dilation in an
evidence-based manner.

Methods

Study Population Criteria

We retrospectively reviewed a prospectively maintained data-
base of 537 patients who underwent surgical resection for
IPMN between 1991 and 2016 at Indiana University.
Patients who had undergone either pancreatoduodenectomy
(PD) or central pancreatectomy (CP) resulting in a left
(distal) pancreatic remnant (DPR) with a pancreato-enteric
(gastric or jejunal) anastomosis were eligible. We refer to ei-
ther PD or CP as Bproximal pancreatectomy^ (PP). Patients
without available cross-sectional imaging/endoscopy reports
postoperatively were excluded. Cross-sectional imaging (n =
1172), endoscopic (n = 111), DNA profiling (n = 32), clinical,
and surgical pathology reports were reviewed. Data were
gathered and recorded in accordance with the Indiana
University Institutional Review Board guidelines.

For those who underwent reoperation of the DPR, the pri-
mary outcome was MD-IPMN on surgical pathology. For
those undergoing only surveillance after PP, the primary out-
come was defined as overall benign or malignant. A
malignant outcome was determined by recurrent, invasive
mass lesion, peritoneal carcinomatosis, or metastatic disease
on cross-sectional imaging, or cytology/biopsy revealing
malignancy.

We compared groups using Student’s T/Mann-Whitney U
test for continuous variables depending on the normality of
data and the chi-square/Fisher’s exact test for categorical var-
iables. Proportions, mean and standard error of the mean
(SEM), median, and range were calculated when appropriate.
An α-level of 0.05 was considered statistically significant.
IBM-SPSS software version 24 was used.

Variable Definitions

1) MPD dilation: measurement ≥ 5 mm on cross-sectional
imaging or endoscopy, or MPD described as Bdilated^;
those only Bmildly dilated/mildly prominent^ were not
included

2) Surgeon’s suspicion for MD-IPMN: surgeon noted a con-
cern for MD-IPMN as a reason for reoperation in preop-
erative documentation
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3) Endoscopist’s suspicion for MD-IPMN: gastroenterolo-
gist noted a concern for MD-IPMN in the endoscopy
report

4) Exocrine insufficiency: documentation of steatorrhea/
diarrhea or prescription of pancreatic digestive enzymes

5) Weight loss: patient-reported unintended weight loss (any
magnitude) post-PP

6) DNA parameters: high-quantity DNA (any value other
than Blow^-quantity DNA); high-quality DNA (any value
other than Bpoor^-quality DNA); KRAS/GNAS muta-
tion; allelic loss of heterozygosity (LOH) of tumor sup-
pressor genes on MPD fluid aspirates

7) Positive margin at PP: it includes side-branch/main-duct
margins positive for IPMN or PanIN, all grades. PanIN
falls on a similar spectrum of neoplastic lesions as IPMN.
Often, the distinction between the two pathologies is de-
pendent on size of the lesion: this would be difficult to
assess at a surgical margin. In order to be most inclusive
of all possible residual IPMN at the PP margin, we in-
cluded PanIN in this definition.

Our Institutional Surveillance Protocol

After initial evaluation and establishment of a diagnosis of
likely IPMN, follow-up is individualized based on a number
of factors. These include worsening of symptoms, trends in
laboratory values to suggest pancreatic insufficiency/
inflammation (Hemoglobin A1c, c-peptide, amylase/lipase),
CA 19-9 trends, evolution of lesions on radiographic imaging
or endoscopy, or concerning features on cyst fluid analysis
(cytology and molecular profiling). After an initial 3–4-week
postoperative visit, similar criteria are considered to guide
surveillance after proximal pancreatectomy or DPR reopera-
tion. In general, patients are followed every 6–12 months (or
in rare instances at a 3-month interval) with history and phys-
ical exam, radiographic imaging, and a panel of laboratory
tests (hemoglobin A1c, c-peptide, CEA, CA 19-9, alkaline
phosphatase, bilirubin, amylase, lipase). Patients with a per-
sistently dilated pancreatic duct ≥ 4 mm that is not steadily
decreasing in size are followed every 6 months. Depending
on stratification to a high- or low-risk protocol, patients are
generally recommended for endoscopic evaluation every 3–
5 years.

Results

A total of 537 patients underwent surgical resection for IPMN
between September 1991 and September 2016. Of these, 317
had undergone PP (PD: n = 306, 56.9%; CP: n = 11, 2%).
Seventy-two patients (1 fromDPR reoperative group, 71 from
DPR surveillance-only group) were excluded due to lack of

available diagnostic studies during surveillance or prior to
reoperation of the DPR. Most (n = 224, 91.4%) of the remain-
ing 245 patients underwent DPR surveillance without reoper-
ation. The other 21 patients (8.6%) underwent subsequent
DPR resection (anastomotic revision or completion pancrea-
tectomy). Based on preoperative documentation, the indica-
tions for DPR resection were as follows: concern for
pancreaticojejunostomy (PJ) stricture ± symptoms (n = 5),
concern for MD-IPMN ± symptoms (n = 11), concern for
MD-IPMN or PJ stricture (i.e., both mentioned) (n = 3), symp-
toms without presumed etiology provided (n = 2).

DPR Surveillance Cohort

Of the 224 patients in the DPR surveillance cohort, at the time
of PP, 90 (40.2%) patients had high-grade dysplasia (HGD) or
invasive disease, 120 (53.6%) patients hadMD-IPMN, and 55
(24.6%) patients had any positive margins (PanIN or IPMN of
any grade) on pathology. Only 3 of these were HGD-IPMN
(n = 2) or invasive IPMN (n = 1), which were upgraded on
permanent pathology from indeterminate/unclear or only
Bsuspicious^ frozen section diagnoses. Neither the presence
of any positive margin nor HGD/invasive IPMN at the margin
specifically were associated with a malignant outcome (P >
0.05). Seventy-one patients (31.7%) had a dilated MPD dur-
ing surveillance, with a median time to first dilated duct at
365 days (5–3651 days) and maximum duct diameter at
432 days (7–3651 days). The median maximum diameter for
those with a dilated MPD was 6 mm (5–13 mm).

A total of 24 (10.7%) patients were determined to have a
malignant outcome during DPR surveillance, with a median
time to diagnosis of 203 days (28–2031 days). Of the 200
(89.3%) patients with a benign outcome, the median benign
surveillance period was 980 days (4–7246 days). Of these
patients, 153 (76.5%) were followed for ≥ 1 year and 122
(61.0%) for ≥ 2 years. When examining clinical, radiographic,
and endoscopic factors, only a history of HGD/invasive pa-
thology on PP and CA 19-9 levels during DPR surveillance
was significantly associated with a malignant outcome
(Table 1). Of note, due to occasional missing retrospective
data or certain variables only pertinent to patients with a dilat-
ed MPD, the denominators throughout Table 1 are inconsis-
tent (please see the table footnote for further clarification of
the data presented).

Twenty-four of the 24 (100%) patients with a malignant out-
come had HGD (1 of 24; 4.2%) or invasive (23 of 24; 95.8%)
pathology at the time of PP. None of 126 patients (0.0%) with
low/moderate-grade IPMN at the time of PP were found to have
amalignant outcome atmost recent surveillance. This association
between HGD/invasive lesions at PP and a malignant outcome
during DPR surveillance was highly significant (P < 0.001). In
contrast, 66 of the 200 patients (33.0%) with a benign outcome
had HGD (34 of 200; 17.0%) or invasive (32 of 200; 16.0%)
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disease at the time of PP. Figure 1 depicts the proportion of
benign versus malignant outcomes by PP pathologic grade. For
patients with prior low/moderate IPMN, the median benign sur-
veillance period was 1010 days (6–6460 days). The patient with
prior HGD-IPMN with a malignant outcome was diagnosed
much earlier (601 days) compared to those with a benign sur-
veillance period of 1379 days (4–4549 days). Overall, follow-up
was shorter for patients with prior invasive lesions, with median
times to malignant (191 days; 28–2031 days) and benign
(289 days; 7–3246 days) outcome diagnoses. These follow-up
data are summarized in Fig. 2.

During DPR surveillance, patients with malignant out-
comes had significantly greater maximum CA 19-9 levels
(669 U/mL; 3–67,107 U/mL) compared to patients with be-
nign surveillance (23 U/mL; 1–81,954 U/mL) (P < 0.001).
However, there was an overlap in their ranges. Similarly, the
patient’s most recent CA 19-9 level was greater for patients
with a malignant outcome (556 U/mL; 3–67,107 U/mL) com-
pared to those with overall benign follow-up (18 U/mL; 1–
81,954 U/mL) (P < 0.001). No other factors were predictive of
a malignant outcome. Namely, no variables involving MPD
dilation or timing of MPD diameter fluctuations predicted a

Table 1 Characteristics of patients with malignant (n = 24) versus benign (n = 200) outcomes during surveillance of the distal pancreatic remnant

Malignant Benign P value Sn Sp Acc PPV NPV

Proximal pancreatectomy variables

High-grade/invasive pathology 24/24 (100%) 66/192 (34.4%) < 0.001 100.0% 65.6% 69.4% 26.7% 100.0%

Invasive pathology 23/24 (95.8%) 32/192 (16.7%) < 0.001 95.8% 83.3% 84.7% 41.8% 99.4%

MD-IPMN 11/17 (64.7%) 109/198 (55.1%) 0.442 64.7% 44.9% 46.5% 9.2% 93.7%

Positive margin 8/24 (33.3%) 47/200 (23.5%) 0.290 33.3% 76.5% 71.9% 14.5% 90.5%

Post proximal pancreatectomy radiographic variables

*Time to first dilated duct (days) 277 (57–2031) 370 (5–3651) 0.905 – – – – –

*Time to first dilated duct if normal pre-PP (days) 1215 (277–2031) 525.5 (7–3651) 0.635 – – – – –

*MPD maximum diameter (mm) 5 (5–5) 6 (5–13) 0.386 – – – – –

*Time to maximum dilated duct (days) 277 (277–277) 455.5 (7–3651) 0.456 – – – – –

Dilated remnant duct 5/24(20.8%) 66/200(33.0%) 0.226 20.8% 67.0% 62.1% 7.0% 87.6%

*Dilation decreasing from maximum to most recent 3/5 (60.0%) 42/60(70.0%) 0.639 60.0% 30.0% 32.3% 6.7% 90.0%

*Dilation resolved from maximum to most recent 2/3 (66.7%) 31/59 (52.5%) 1.000 66.7% 47.5% 48.4% 6.1% 96.6%

Post proximal pancreatectomy clinical variables

Maximum surveillance CA 19-9 (U/mL) 669 (3–67,107) 23 (1–81,954) < 0.001 – – – – –

Most recent surveillance CA 19-9 (U/mL) 556 (3–67,107) 18 (1–81,954) < 0.001 – – – – –

Uptrending CA 19-9 8/22 (36.4%) 35/112 (31.25%) 0.639 36.4% 68.8% 63.4% 18.6% 84.6%

Categorical variables were expressed as N-positive/N-tested (%); continuous variables with normal distribution were expressed as mean (standard error
of the mean); continuous variables with non-normal distribution were expressed as median (range)

MPD main pancreatic duct

*This feature is only pertinent to patients with a dilated main pancreatic duct (malignant n = 5, benign n = 66)

Fig. 1 Overall surveillance outcomes by proximal pancreatectomy
surgical pathology

Fig. 2 Median time to outcome determination by proximal
pancreatectomy surgical pathology
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malignant outcome during surveillance of the DPR. The var-
iables examined are compared between benign and malignant
outcome groups in Table 1. Only a small number of patients in
the DPR surveillance group underwent endoscopicMPD fluid
aspiration analysis, making meaningful interpretation in the
present study difficult. Only one patient had concerning cytol-
ogy which proved to be recurrent carcinoma. These data are
summarized in Supplemental Table 1a.

DPR Reoperative Cohort

Twenty-one patients were included in the DPR reoperative
cohort. On PP pathology, 7 (33.3%) patients had HGD/
invasive disease, 12 (57.1%) patients had MD-IPMN, and 4
(19.0%) had positive margins (all low/moderate IPMN or
PanIN 1–2). Nearly all (20 of 21; 95.2%) patients had a dilated
MPD duct at some point between PP and DPR reoperation.
The median time to the first dilated MPD was 374 days (8–
2651 days) whereas the median time to the maximum MPD
diameter was 624 days (112–2993 days). Of patients with a
dilated MPD in the DPR, the median maximum diameter was
7 mm (5–16 mm).

Seven of the 21 patients (33.3%) that underwent DPR sur-
gery had MD-IPMN on DPR pathology (6 low/moderate
IPMN, 1 invasive IPMN). These patients underwent DPR
surgery a median time of 1772 days (148–3815 days) post-

PP, which was later than those who underwent DPR surgery
and had other diagnoses, at 1296 days (450–4928 days). Other
diagnoses on DPR pathology included low/moderate-grade
side-branch IPMN with pancreatitis (n = 5), pancreatitis (n =
7), duct ectasia with gland atrophy (n = 1), and small intestine
adenocarcinoma with pancreatitis (n = 1).

All patients with MD-IPMN on DPR pathology had a di-
lated MPD at some point post-PP (7 of 7, 100.0%). Of all
clinical, radiographic, and endoscopic features considered,
the maximum MPD diameter between PP and DPR surgery
was the strongest predictor of MD-IPMN in the DPR. Patients
with MD-IPMN had a mean maximum MPD diameter of
9.5 mm (SEM 1.5 mm) compared to only 6.2 mm (SEM
0.5 mm) for those with other diagnoses (P = 0.072). Likely
due to small sample size, this missed reaching statistical sig-
nificance. The median time to maximum duct diameter was
618 days (112–2993 days) for those with MD-IPMN com-
pared to 801 days (187–2740) for those with other diagnoses
(P = 1).

Receiver operating characteristic (ROC) curve analysis
was performed, and a maximum MPD diameter cutoff of
6.5 mm provided 85.7% sensitivity and 69.2% specificity
for MD-IPMN in the DPR, with an area under the curve of
0.780 (Fig. 3). One in ten (10%) patients with maximumMPD
diameter before DPR < 6.5 mm had MD-IPMN on DPR pa-
thology, whereas six of ten (60%) patients with a maximum
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Fig. 3 Receiver operating
characteristic curve for maximum
main pancreatic duct diameter in
the distal pancreatic remnant and
MD-IPMN on distal pancreatic
remnant surgical pathology
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MPD diameter ≥ 6.5 mm had MD-IPMN on DPR pathology.
One patient had a MPD described as Bdilated^ without a spe-
cific measurement, thus was excluded from this analysis.

Several features were highly specific for MD-IPMN in the
DPR. A high suspicion for MD-IPMN noted by the
endoscopist was 83.3% specific for MD-IPMN with PPV of
60.0%, but lacked sensitivity (42.9%). OnMPD fluid aspirate,
the presence of HGD or carcinoma on cytology, high-quality
DNA, KRAS/GNAS mutation, or allelic LOH provided >
80% specificity for MD-IPMN, but often lower sensitivity
(0.0%–66.7%), as many duct fluid aspirates do not display
these features. These were examined in only a small number
of patients (n = 6–13) (Supplemental Table 1b). The presence
of a normal ductogram (i.e., normal contrast flow through the

pancreato-enteric anastomosis) was 87.5% specific for MD-
IPMN, but poorly sensitive at only 33.3%. Thus, most indi-
viduals with other diagnoses will display an abnormal
ductogram. The most sensitive features associated with MD-
IPMN were the presence of exocrine insufficiency and high-
quantity DNA on MPD fluid aspirate, occurring in 100% of
cases. The surgeon expressed concern for MD-IPMN at the
time of DPR reoperation in 71.4% of cases revealing MD-
IPMN on DPR pathology. None of these highly sensitive fea-
tures were specific for MD-IPMN. Though sensitive or spe-
cific, these variables did not reveal statistically significant as-
sociations with MD-IPMN on DPR surgical pathology (P >
0.05). These features are summarized in Table 2. Similar to
our analysis of the DPR surveillance cohort, the denominators

Table 2 Characteristics of patients withMD-IPMN (n = 7) or noMD-IPMN (n = 14) on reoperative surgical pathology of the distal pancreatic remnant

MD-IPMN No MD-IPMN P value Sn Sp Acc PPV NPV

Proximal pancreatectomy variables

MPD diameter preop (mm) 6 (2–12) 4 (1.6–15) 0.503 – – – – –

Dilated duct Preop 4/6 (66.7%) 5/13 (38.5%) 0.350 66.7% 61.5% 63.2% 44.4% 80.0%

High-grade/invasive pathology 2/7 (28.6%) 5/13 (38.5%) 1.000 28.6% 61.5% 50.0% 28.6% 61.5%

Invasive pathology 2/7 (28.6%) 1/13 (7.7%) 0.270 28.6% 92.3% 70.0% 66.7% 70.6%

MD-IPMN 4/7 (57.1%) 8/14 (57.1%) 1.000 57.1% 42.9% 47.6% 33.3% 66.7%

Positive margin2 2/6 (33.3%) 2/14 (14.3%) 0.549 33.3% 85.7% 70.0% 50.0% 75.0%

Pre-distal remnant resection radiographic variables

*Time to first dilated duct preop (days) 341 (96–2651) 398 (8–981) 1.000 – – – – –

MPD maximum diameter preop (mm) 9.5 (1.5) 6.2 (0.5) 0.072 – – – – –

Time to maximum diameter preop (days) 618 (112–2993) 801 (187–2740) 1.000 – – – – –

MPD diameter immediately preop (mm) 7.4 (1.8) 5.6 (0.5) 0.355 – – – – –

Dilated duct preop 7/7 (100%) 13/14 (92.9%) 1.000 100.0% 7.1% 38.1% 35.0% 100.0%

*Dilation decreased from maximum to preop 4/7 (57.1%) 5/13 (38.5%) 0.642 57.1% 61.5% 60.0% 44.4% 72.7%

*Dilation resolves from maximum to preop 2/7 (28.6%) 2/13 (15.4%) 0.587 28.6% 84.6% 65.0% 50.0% 68.8%

*Good secretin response on MRCP2 2/3 (66.7%) 6/12 (50.0%) 1.000 66.7% 50.0% 53.3% 25.0% 85.7%

Pre-distal remnant resection endoscopic variables

Endoscopist suggests MD-IPMN 3/7 (42.9%) 2/12 (16.7%) 0.305 42.9% 83.3% 68.4% 60.0% 71.4%

Endoscopy not suggestive of stricture 5/7 (71.4%) 5/12 (41.7%) 0.350 71.4% 58.3% 63.2% 50.0% 77.8%

Normal ductogram 1/3 (33.3%) 1/8 (12.5%) 0.491 33.3% 87.5% 72.7% 50.0% 77.8%

Pre-distal remnant resection clinical variables

Pre-DPR reoperation CA 19-9 (U/mL) 30 (6–237) 23 (3–4722) 0.913 – – – – –

Any symptoms 7/7 (100.0%) 13/14 (92.9%) 1.000 100.0% 7.1% 38.1% 35.0% 100.0%

Pancreatitis 4/7 (57.1%) 9/14 (64.3%) 1.000 57.1% 35.7% 42.9% 30.8% 62.5%

Exocrine insufficiency 7/7 (100.0%) 9/14 (64.3%) 0.123 100.0% 35.7% 57.1% 43.8% 100.0%

Abdominal pain 6/7 (85.7%) 10/14 (71.4%) 0.624 85.7% 28.6% 47.6% 37.5% 80.0%

Weight loss 4/7 (57.1%) 4/14 (28.6%) 0.346 57.1% 71.4% 66.7% 50.0% 76.9%

Surgeon’s concern for MD-IPMN 5/7 (71.4%) 9/14 (64.3%) 1.000 71.4% 35.7% 47.6% 35.7% 71.4%

Uptrending CA 19-9 4/6 (66.7%) 7/11 (63.6%) 1.000 66.7% 36.4% 47.1% 36.4% 66.7%

Categorical variables were expressed as N-positive/N-tested (%); continuous variables with normal distribution were expressed as mean (standard error
of the mean); continuous variables with non-normal distribution were expressed as median (range)

MPD main pancreatic duct

*This feature is only pertinent to patients with a dilated main pancreatic duct (MD-IPMN n = 7, no MD-IPMN n = 13)
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throughout Table 2 and Supplemental Table 1 may change
depending on availability of retrospective data, certain vari-
ables only pertinent to patients with a dilated MPD, or certain
procedures (endoscopy with pancreatic fluid analysis) only
performed on a subset of patients. This is further clarified in
the table footnote. Based on these data and our institution’s
practice, we proposed an algorithm for management of the
DPR in the setting of a dilated MPD (Fig. 4).

Discussion

The fate of the pancreatic remnant after resection for IPMN
has been examined a number of ways. Several prior studies
have determined that the rate of metachronous IPMN in any
remnant pancreas is not negligible, between 5.8 and
14.4%.5–13 The concern with IPMN is a potential for progres-
sion to invasive cancer. Miller et al. reported that 2% of indi-
viduals who underwent resection for non-invasive IPMNwent
on to develop invasive cancer in the remnant pancreas.34 In a
report from Moriya and Traverso, a similarly low rate (2 of
203 patients; 1%) of invasive cancer in the remnant pancreas
was noted; both of these patients had a prior history of HGD/

invasive disease.9 In a study of the remnant pancreas after
initial resection for MD-IPMN specifically, the rate of recur-
rence in the form of metastases (11%) or HGD/invasive le-
sions in the pancreatic remnant (13%) was much greater than
other reports6; this difference may underline the more aggres-
sive nature of MD-IPMN. Because of the higher rate of pro-
gression to HGD/invasive disease, the detection ofMD-IPMN
in the remnant is of upmost importance. These prior studies
examined the pancreatic remnant in general but not the unique
dilemma presented by the DPR after PP. While a dilated MPD
generally suggests MD-IPMN, in the setting of a DPR with a
pancreato-enteric anastomosis, the range of possible diagno-
ses is broad. To our knowledge, the present study is the first
comprehensive evaluation of the DPR after PP, examining the
radiographic, clinical, and endoscopic techniques utilized to
predict the occurrence of MD-IPMN and malignant outcomes
in this specific population.

We examined the DPR natural history for 245 patients that
initially underwent PP for IPMN and found a dilated MPD to
be common (37.1% of the entire cohort). Many of the 224
patients undergoing only DPR surveillance (n = 71; 31.7%)
had a dilated MPD at some point, with a median time to first
dilation of 365 days; furthermore, the median maximum
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Fig. 4 Proposed management algorithm for the distal pancreatic remnant
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diameter of the MPD during surveillance was 6 mm at a me-
dian time of 432 days after PP. Because these individuals did
not undergo reoperative surgery, we were unable to determine
if this MPD dilation represented MD-IPMN or an alternate
diagnosis. However, the presence of a dilated MPD during
surveillance of the DPR, the maximum diameter of the MPD
during surveillance, and the timing of these fluctuations did
not predict a malignant outcome. In contrast to the
International Consensus Guideline recommendations for sur-
gical resection of patients with dilated MPD in a preoperative
pancreas,4 in the setting of a dilated MPD in the DPR after PP,
our findings do not support automatic surgical resection to
prevent a malignant outcome.

The strongest predictor of a malignant outcome was the
presence of HGD/invasive disease at PP, with median time
to malignant outcome of 203 days (75% of individuals diag-
nosed within 632 days). Thus, most patients with a history of
HGD/invasive disease will present with a recurrence or pro-
gression of their malignancy within 2 years of PP. The major-
ity (66 of 90; 73.3%) of patients with HGD/invasive disease
ultimately had a benign outcome at most recent surveillance,
at a median time of 834 days, including those with a dilated
MPD (n = 21; 31.8%). These findings support rigorous sur-
veillance for evidence of malignant progression, especially in
the years immediately following PP, for patients with a history
of HGD/invasive disease regardless of MPD diameter. In our
cohort, no individuals with low/moderate-grade IPMN at the
time of PP went on to develop evidence of malignancy during
DPR surveillance, with a median follow-up period of
1010 days. These data may support ongoing surveillance
and diagnostic evaluation of patients with a history of low/
moderate-grade disease, even in the presence of a dilated
MPD (n = 45; 35.7%) over immediate surgical resection.

The other factor predicting a malignant outcome in the
present study was a greater CA 19-9 level, both maximum
and most recent values after PP. While this association be-
tween greater CA 19-9 level and increasing grade of IPMN
has been demonstrated in the literature,35,36 others have not
validated this relationship.37 In a prior study by Park et al., an
elevated CA 19-9 level preceding surgery was found to be
associated with disease recurrence after resection of IPMN;
12 of 13 recurrent cases had invasive disease at the time of
index operation, and 10 of the 13 patients had recurrence
outside of the remnant pancreas suggesting advanced, meta-
static disease.13 This prior report approximates our findings
and the relationship between prior HGD/invasive pathology,
elevated CA 19-9 level, and malignant outcomes. However, in
contrast to the preoperative CA 19-9 levels described in these
prior studies, the CA 19-9 levels described in the present study
are reflective of the post-PP surveillance of the DPR.

In the DPR reoperative cohort, only two individuals had
aggressive lesions (one small bowel adenocarcinoma, one in-
vasive IPMN). While it may be argued that only two patients

benefitted from DPR resection, the benefit of symptomatic
relief and clarification of pathology (MD-IPMN vs alternate
diagnoses) to better guide management cannot be ignored.
Once we are able to reliably establish a diagnosis of MD-
IPMN in the DPR, efforts focused on isolating only the
highest-risk lesions (HGD/invasive IPMN) should be under-
taken. Because one of the most reliable features of the
International Consensus Guidelines, MPD diameter, is con-
founded in this post-PP population, the future of diagnosing
HGD/invasive IPMN in this population will likely rely on
more individualized assessment through cyst fluid/serum mo-
lecular profiling or biomarker analyses. The present study has
limited molecular data available on a small number of patients
and should be the focus of future studies.

While predicting which individuals will have a malignant
outcome after resection of IPMN is difficult, determining
which patients have a MD-IPMN in the setting of a DPR after
PP is the first challenge in order to resect and potentially
prevent progression to malignant disease. Conventional diag-
nostics including cross-sectional imaging and endoscopy are
complicated by the altered foregut anatomy and pancreato-
enteric anastomosis of a post-PP pancreas. For the
preoperative pancreas, the MPD diameter is of upmost impor-
tance in guiding resection of likely MD-IPMN in the
International Consensus Guidelines. In the present study, all
MD-IPMN diagnosed in the DPR had a maximum MPD di-
ameter of at least 5 mm; six of the seven (85.7%) patients with
DPR MD-IPMN had a maximum MPD diameter of ≥ 7 mm.
This range corresponds with the minimum MPD diameter of
5 mm (considered a worrisome feature) to diagnose/evaluate
for MD-IPMN by the 2012 International Consensus
Guidelines.4 In general, patients with MD-IPMN in the DPR
had a greater maximum MPD diameter, with shorter time to
maximumMPD diameter, compared to those with other diag-
noses, but these findings did not reach statistical significance.
Crippa et al. also reported a greater median MPD diameter for
those with MD-IPMN compared to other diagnoses, though
this prior study was of the preoperative pancreas rather than
the DPR.38 We determined that with a maximum MPD cutoff
of 6.5 mm, the sensitivity (85.7%) and specificity (69.2%) for
MD-IPMN in the DPR were optimized. Based on these find-
ings, patients with a maximumMPD < 6.5 mm in the DPR are
unlikely to have MD-IPMN (only one of ten patients), while
six of ten (60%) of patients with a maximum dilated MPD ≥
6.5 mm harbored MD-IPMN. These individuals particularly
require further evaluation.

Advanced endoscopic techniques including endoscopic ul-
trasound (EUS) with or without fine needle aspiration (FNA)
of cyst/duct fluid or ERCP are performed to fully examine
pancreatic lesions, gather biopsies, or treat obstructive pathol-
ogy. While this can be a challenge in the post-PP patient, our
data suggest that the information gathered from these diagnos-
tic techniques are valuable for determining DPR pathology. In
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the present study, endoscopic evaluation by the gastroenterol-
ogist led to greater specificity, accuracy, and positive predic-
tive value for predicting MD-IPMN compared to the sur-
geon’s suspicion. In our series, the gastroenterologist was
more skilled at Bruling-in^ MD-IPMN, which may help to
reduce unnecessary surgical resection for non-neoplastic dis-
ease that may be managed non-operatively.

Features of MPD fluid aspirates gathered through EUS-
FNA proved to be either highly sensitive or specific forMD-
IPMN. The most specific DNA factors with the greatest
positive predictive value for MD-IPMN in the DPR includ-
ed high-quality DNA, GNASmutation, or allelic LOH. This
is in accordance with prior reports, whereas high-quality
DNA and LOH were associated with mucinous cysts39,40

and GNAS mutation predicted IPMN specifically.41,42 The
most sensitive MPD aspirate features for MD-IPMN in the
DPR were the presence of mucin (80.0%) or high-quantity
DNA (100.0%). Because IPMN represent a neoplastic pro-
cess characterized by mucin production, it follows that most
patients with MD-IPMN would reveal mucin in the MPD
upon aspiration. In a prior study byMorris-Stiff et al., mucin
on cyst fluid aspirate was similarly found to be highly sen-
sitive (80%) but poorly specific (40%) for mucinous
lesions.43 The presence of high-quantity DNA on MPD flu-
id aspirate was highly sensitive (100.0%) for MD-IPMN,
but poorly specific (40.0%). This is mechanistically reason-
able. With a neoplastic process there may be greater cell
turnover and DNA shedding into the cyst/ductal fluid.
However, benign inflammatory processes may also release
cellular DNA into the cyst or ductal fluid.44

To fully visualize the pancreatic and biliary ductal system,
ERCP may be employed. But in cases where ERCP is unsuc-
cessful, the gastroenterologist may perform EUS-guided pan-
creatic ductography to gain access to and visualize the
MPD.45 With contrast injection into the MPD, in the present
study, a ductogram revealing normal flow into the bowel (i.e.,
no anastomotic stricture or obstruction) was highly specific
for MD-IPMN over an alternate diagnosis.

In general, clinical symptoms were not helpful in diagnos-
ing MD-IPMN in the DPR. 100.0% of patients with MD-
IPMN were noted to have exocrine insufficiency or be treated
with pancreatic enzyme supplementation; however, because
of the liberal use of pancreatic enzymes in the postoperative
period for PP patients at our institution, this result is not sur-
prising. Similarly, while abdominal pain was highly sensitive
for MD-IPMN in the DPR (85.7%), this was poorly specific,
as many patients with alternate diagnoses (i.e., stricture or
pancreatitis) also reported abdominal pain during DPR sur-
veillance. The most specific (71.4%) clinical indicator of
MD-IPMN in the DPR was patient-reported unexplained
weight loss, occurring twice as frequently in those with MD-
IPMN (57.1%) compared to those with other diagnoses in the
DPR (28.6%). While MD-IPMN, mucin, pancreatitis, or

stricture of the pancreato-enteric anastomosis may all contrib-
ute to ductal obstruction, exocrine insufficiency, and ultimate-
ly weight loss,46 it is unclear why this feature was reportedly
more prominent in those with MD-IPMN in the present study.
The surgeon was concerned about MD-IPMN in most cases,
leading to high sensitivity but poor specificity for MD-IPMN
in the DPR. This highlights the need for deliberate diagnostic
evaluation often via endoscopy—and attempts at non-
operative mitigation of any obstructive symptoms—as auto-
matically operating based on the surgeon’s suspicion for MD-
IPMN alone would lead to a large number of unnecessary
surgeries for non-neoplastic disease (9 of 14 non-MD-IPMN
cases; 64.3%).

Our study is limited by the nature of a retrospective data
review. As some diagnostic studies did not have an actual
MPD measurement, but were rather described as Bdilated,^
Bmildly dilated,^ or Bmildly prominent,^ this variable was
operationalized to avoid excluding data. The crux of this study
is the diagnostic challenge of determining the presence of
MD-IPMN in the DPR. As such, without surgical pathology,
it was impossible to definitively determine the etiology of a
dilated MPD in our surveillance cohort. Instead, we deter-
mined if these individuals had a benign or malignant outcome
at follow-up.While some individuals in the benign group may
still develop a metachronous malignancy in the future, we feel
that the overall surveillance period for those determined to
have a benign outcome was sufficient to allow time for this
to occur. Many of our variables of interest did not reach sta-
tistical significance, likely due to an overall underpowered
study with only 21 individuals undergoing reoperative DPR
surgery and only 24 malignant outcomes in the DPR surveil-
lance cohort. Similarly, for a number of our analyses, very few
patient samples were available for inclusion (i.e., MPD fluid
aspirates). As such, this data should be interpreted cautiously.
Future larger studies are necessary to validate our findings,
determine statistically significant relationships, and add to
the paucity of knowledge on this subject.

Conclusion

Dilation of theMPD in the DPR after PP is a common finding.
The diagnostic dilemma stands in determining if this MPD
dilation represents MD-IPMN, which requires surgical resec-
tion, versus an alternate diagnosis that may be managed non-
operatively. While MPD dilation did not predict a malignant
outcome, there is some evidence to suggest that the maximum
diameter reached in the DPR may be slightly greater for MD-
IPMN over other diagnoses. When the maximumMPD diam-
eter is < 6.5 mm, the rate of MD-IPMN in the DPR was only
10% compared to 60.0% for those with a maximum MPD
diameter of 6.5 mm or greater. Because the surgeon’s suspi-
cion alone did not prove to be highly specific for MD-IPMN
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in the DPR, the use of endoscopy with MPD fluid aspirate
analysis and EUS-guided pancreatic ductography is supported
to assist with more accurate diagnosis.
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