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To retrospectively determine the frequency of malignancy
in small (=3 cm) pancreatic cysts, to evaluate whether cyst
morphologic features can help predict the presence of
malignancy, and to determine the natural history of small
pancreatic cysts at follow-up imaging.

Institutional review board approval was obtained; in-
formed patient consent was not required. By means of a
computerized search, 510 patients with pancreatic cysts
that had been detected at computed tomography (CT) or
magnetic resonance (MR) imaging were identified. Cysts
that were 3 cm or smaller at surgery or endoscopic ultra-
sonography (US)-guided cyst fluid aspiration and biopsy
were included. Eighty-six patients—31 men and 55 women
aged 24-89 years—fulfilled the criteria. Patients under-
went surgery or were monitored with endoscopic US—
guided cyst fluid analysis, cytologic analysis, and follow-up
imaging. Imaging findings were compared with surgical
and pathology records and with endoscopic US features.
Positive predictive values (PPVs) for benignity and malig-
nancy were calculated on the basis of cyst size and absence
or presence of septa in the cysts.

Forty-eight patients underwent surgery, and 38 were
treated nonsurgically. Seventy-five patients had benign
cysts; eight, borderline (malignant) neoplasms; and three,
carcinoma in situ lesions. The PPV of small pancreatic
cysts for prediction of benignity was 87% (75 of 86 pa-
tients). Thirty-six patients had unilocular cysts (35 with
benign lesions, one with borderline neoplasm). The PPV of
unilocular cysts for prediction of benignity was 97% (35 of
36 patients). Fifty patients had septated cysts; seven of
these patients had borderline neoplasms, and three had
carcinoma in situ lesions. For prediction of malignancy in
small cysts, the PPV of septa was 20% (10 of 50 patients),
which was significantly higher than the 3% (one of 36
patients) PPV of unilocular cysts (P = .042). No significant
changes in cyst morphologic features were seen in patients
who were followed up with imaging for a mean period of
21.8 months.

The majority (n = 75) of small pancreatic cysts were
benign. Thirty-six cysts were unilocular, and virtually all of
these (n = 35) were benign. The presence of septa was
associated with borderline or in situ malignancy in 20%
(10 of 50) of cases.

© RSNA, 2006
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xtensive use of high-quality ab-

dominal imaging has resulted in an

increased number of patients who
receive a diagnosis of pancreatic cysts
(1-3). The majority of these lesions are
found to be cystic neoplasms of the pan-
creas and not pseudocysts (1). Very of-
ten cystic neoplasms are detected inci-
dentally and are small at the time of
detection (1). To our knowledge, there
are no explicit guidelines for the treat-
ment management of small cystic tu-
mors of the pancreas (1-6). Despite re-
cent advances in cross-sectional imag-
ing, the inability to fully characterize
small pancreatic cysts is a common
problem (3,5). Concern that many of
these lesions may be premalignant or
malignant has led to recommendations
that all cystic pancreatic lesions be re-
sected (3,7,8). However, this treatment
strategy is impractical, because 30%-
40% of these lesions may be benign se-
rous cystadenomas (4,9).

Therefore, the purpose of our study
was to retrospectively determine the
frequency of malignancy in small (=3
cm) pancreatic cysts, to evaluate
whether the morphologic features of
cysts can help to predict the presence of
malignancy, and to determine the natu-
ral history of small pancreatic cysts at
follow-up imaging.

Materials and Methods

Patient Population

Institutional review board approval was
obtained for this retrospective study; in-
formed patient consent was not re-
quired. This study was Health Insurance
Portability and Accountability Act com-
pliant. We searched our radiology data-
base (FolioViews, version 4.2; Next
Page, Draper, Utah) that contained data
on all of the radiologic examinations
performed and reported at our institu-
tion from January 1998 through March
2004 for data on pancreatic cysts de-
tected at computed tomography (CT)
and/or magnetic resonance (MR) imag-
ing. We identified 510 patients with cys-
tic lesions of the pancreas that had been
identified at CT and/or MR imaging.
One hundred twenty-two patients

with prior clinical and laboratory evi-
dence of pancreatitis were excluded.
Criteria for the diagnosis of pancreatitis
were elevated serum amylase or lipase
levels and/or imaging evidence of pan-
creatic inflammation, pancreatic ductal
calcification, or atrophy. Of the remain-
ing 388 patients, 313 (80.6%) had cysts
3 cm in diameter or smaller at the time
of initial detection. Of these 313 pa-
tients, 244 (78.0%) had pancreatic
cysts that had been incidentally de-
tected.

Only those patients who had under-
gone either surgery with corresponding
histopathologic analysis or endoscopic
ultrasonography (US)-guided cyst fluid
aspiration and biopsy for cytologic, bio-
chemical, and tumor marker analyses
were included in the study. All patients
with nondiagnostic cytologic results
(n = 26)—because of insufficient tissue
or specimen contamination—were ex-
cluded. Two hundred one patients who
had undergone serial imaging but no in-
tervention to determine the nature of
the cyst also were excluded from the
study. Similarly, patients who had more
than one cyst with the dominant cyst
being larger than 3 cm in diameter were
not included in the study. Patients who
previously had undergone pancreatic
surgery for a cystic or solid lesion and
developed a new pancreatic cyst that
was seen on follow-up images also were
excluded.

A total of 86 patients (31 men, 55
women; age range, 24 -89 years; mean
age, 68 years) met the selection criteria
and constituted our study population.
Of the 86 patients, 52 had undergone
CT only, 20 had undergone MR imaging
only, and 14 had undergone both CT
and MR imaging. We (A.S., D.V.S.) re-
corded these patients’ clinical presenta-
tions, imaging features, and pathologic
and surgical findings. The absence or
presence of symptoms and the type of
symptoms, when present, also were re-
corded. Patients were considered to
have an incidentally detected pancreatic
cyst if the cyst was discovered during
evaluation for a different medical prob-
lem. Symptoms that were considered to
be related to pancreatic cysts included
abdominal pain, weight loss, palpable

mass, jaundice, and diarrhea with mal-
absorption. The likelihood of malig-
nancy in the incidentally detected small
cysts was determined.

Imaging Protocols

CT.—A variety of imaging protocols and
equipment were used during the 6-year
period. Helical CT with a single-detec-
tor row unit (GE HighSpeed; GE Medi-
cal Systems, Milwaukee, Wis) or multi—
detector row unit (with four, eight, or
16 detector rows) (GE LightSpeed; GE
Medical Systems) was performed in all
patients. Routine abdominal CT begin-
ning 60-70 seconds after intravenous
injection of contrast material was the
most commonly performed examina-
tion. For routine CT scanning, 120-150
mlL of nonionic contrast material (300-
350 mg/mlL) was injected at a rate of
2.5-3.0 ml./sec, and images were ac-
quired at a 5-mm section thickness after
a 70-second delay. The field of view was
adjusted according to the size of the
patient. In patients known or suspected
to have a pancreatic lesion, a dedicated
pancreatic CT protocol was used as ei-
ther the initial or the follow-up study.
After nonenhanced CT acquisitions
in the liver and pancreas were per-
formed, 150 mL of nonionic contrast
material (300 mg of iodine per milliliter)
was injected at a rate of 4-3 mL/sec and
two acquisitions were performed. Pan-
creatic phase imaging was performed
45 seconds after contrast material injec-
tion by obtaining 1.25-mm or larger sec-
tions through the pancreas. Portal ve-
nous phase imaging with 5-mm-thick
sections followed at 70 seconds after
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contrast material injection. For pancre-
atic phase imaging, the field of view was
28 cm; for the other phases, the field of
view was adjusted according to the size
of the patient. Other less commonly
used protocols were CT angiography
and hematuria protocols.

MR imaging.—MR imaging was per-
formed with a 1.5-T system (Signa, soft-
ware version 8.3; GE Medical Systems)
by using a phased-array torso coil. For
evaluation of the pancreas, T2-weighted
fast spin-echo (5,000/100 [repetition
time msec/echo time msec], 90° flip an-
gle, 34-cm field of view, 3-mm section
thickness, 256 X 192 matrix) and T1-
weighted in-phase (150/4.2) and out-of-
phase (150/2.1) spoiled gradient-echo
images (90° flip angle, 36-cm field of
view, 4-mm section thickness, 256 X
160 matrix) were obtained. Subse-
quently, fat-suppressed fast spoiled gra-
dient-echo dynamic MR imaging (150/2,
70° flip angle, 36-cm field of view, 4-mm
section thickness, 256 X 160 matrix)
through the pancreas was performed
after the injection of 0.1 mmol of ga-
dopentetate dimeglumine (Magnevist;
Berlex Laboratories, Montville, NJ) per
kilogram of body weight during the arte-
rial (20 seconds), portal venous (70-80
seconds), and equilibrium (180 sec-
onds) phases. In addition, coronal and
transverse half-Fourier single-shot fast
spin-echo images were obtained for MR
cholangiopancreatography. For thin-
section MR cholangiopancreatography,
a 4-5-mm section thickness, 40-cm field
of view, and 256 X 256 matrix were
used. For thick-slab MR cholangiopan-
creatography, a 50-60-mm section
thickness, 26-cm field of view, and
256 X 256 matrix were used.

Image Analysis

The CT and MR images were retrospec-
tively reviewed by consensus between
two radiologists (D.V.S. with 9 years
experience, A.S. with 2 years experi-
ence), who were aware of the diagnosis
of cystic pancreatic lesion but blinded to
the results of the pathologic and cyst
fluid analyses. The numbers, sizes, and
locations of the cysts and the morpho-
logic features of the cysts, such as pres-
ence or absence of calcifications, septa,

and/or mural nodules on CT and MR
images, were recorded. When multiple
cysts were present within the pancreas,
the diameter and morphologic features
of the largest of the smaller (=3 cm)
cysts, along with the previously de-
scribed features other than size, were
recorded. Peripancreatic abnormali-
ties, including lymphadenopathy, vascu-
lar involvement, peripancreatic fat infil-
tration, and metastasis, were noted.
Peripancreatic lymphadenopathy was
diagnosed when the short-axis diameter
of the lymph node was greater than 10
mm. In patients in whom multiple im-
ages were obtained, the size and mor-
phologic features of the cyst depicted on
the first image were recorded.

Endoscopic US

Several gastroenterologists (including
W.R.B.) with 2-10 years of experience
performed the endoscopic US examina-
tions. Endoscopic US was performed by
using the GFUM-20 radial or linear
scanning echoendoscope (Pentax, Or-
angeburg, NY) at 7.5 and 12.0 MHz.
The following information regarding the
morphologic features of the cysts from
the endoscopic US report was recorded
(A.S.): cyst diameter and presence or
absence of septa, a solid component,
and/or lymphadenopathy.

Endoscopic US—guided Cyst Fluid
Aspiration

All patients who underwent endoscopic
US also underwent endoscopic US-
guided cyst fluid aspiration and cyto-
logic analysis with use of a 19- or 22-
gauge needle (Wilson Cook, Winston-
Salem, NC; or Mediglobe, Tempe, Ariz)
that was occluded with a stylet. The cyst
fluid was analyzed for biochemical (ie,
amylase) or tumor (ie, carcinoembry-
onic antigen) markers. According to in-
formation cited in the report on cyto-
logic and cyst fluid analyses, all exam-
ined patients had adequate samples for
cytologic and cyst fluid analyses.

The cytologic findings described in
the pathology report were reviewed
(A.S.). Whenever possible, a specific di-
agnosis such as pseudocyst, mucinous
cystic neoplasm, or serous cystadenoma
was given on the basis of the cyst fluid

cytologic, biochemical, and tumor
marker analysis findings. A carcinoem-
bryonic antigen level higher than 200
ng/ml indicated mucinous cystic neo-
plasm, and a carcinoembryonic antigen
level lower than 5 ng/ml indicated se-
rous cystadenoma. Cysts lacking malig-
nant cells at cytologic analysis were con-
sidered to be benign. When cyst fluid
and cytologic analysis results were de-
finitively negative for malignancy but did
not yield a precise diagnosis, the lesion
was considered to be a benign unclassi-
fied cyst.

Surgery and Histopathologic Analysis

The type of surgical procedure per-
formed was recorded (A.S.). The gross
and microscopic descriptions of the re-
sected specimens cited in the pathology
reports were reviewed (A.S.). The
gross findings noted were lesion size
and presence or absence of septa
and/or mural nodules. At microscopy,
on the basis of the most aggressive his-
tologic epithelial changes and according
to the World Health Organization classi-
fication system, pancreatic cysts were
classified as benign, borderline (malig-
nant), or malignant (10). For this analy-
sis, we grouped the tumors into two
main categories—benign and malig-
nant—with the latter category including
borderline neoplasms, carcinoma in situ
lesions, and invasive cancers. The de-
gree of peripancreatic extension, in-
cluding the nature of the resected lymph
nodes, also was assessed. The imaging
and histopathologic findings were then
correlated.

Gomparisons and Follow-up

CT and MR imaging findings were com-
pared with endoscopic US report, surgi-
cal, and cytologic-histologic findings.
The patients who were treated nonsur-
gically underwent imaging surveillance
to ensure the cysts remained stable. A
greater than 5 mm growth of the cyst in
any dimension, changes in the morpho-
logic features of the cyst such as devel-
opment of solid components or periph-
eral or septal calcification, pancreatic
duct dilatation, biliary obstruction,
lymphadenopathy, metastasis, vascular
encasement, and infiltration of peripan-
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creatic tissues were considered signs of
malignancy. Reduction in the size or
complete resolution of the cyst at fol-
low-up imaging was considered a confir-
mation that the cyst was benign.

Statistical Analyses

We calculated the positive predictive
values of small size (=3 cm) and the
absence or presence of septa for diag-
nosing a pancreatic cyst as benign or
malignant by using 2 X 2 contingency
tables. Analyses were performed by us-
ing computer software (Excel; 2002 Mi-
crosoft, Redmond, Wash). The proba-
bility of malignancy in small septated
cysts compared with the probability of
malignancy in small unilocular cysts was
determined by using the x* test (2002
Microsoft). A P value of less than .03
was considered to indicate a significant
difference.

Clinical Findings

Fifty-eight (67%) of the 86 patients had
incidentally detected pancreatic cysts
with complaints unrelated to the cysts.
Twenty-five (29%) patients reported
having abdominal pain or discomfort,
two (2%) patients presented with

Figure 1

Figure 1:  Transverse contrast material—en-
hanced GT scan of abdomen in 65-year-old
woman. A unilocular cyst (arrow) in the uncinate
process of the pancreas was detected incidentally
and confirmed to be benign intraductal papillary
mucinous neoplasm after surgery.

weight loss, and one (1%) patient had
symptoms of malabsorption. Of the 58
patients with incidentally detected
cysts, seven (12%) had cysts that were
included in the malignant category (five
with borderline neoplasms, two with
carcinoma in situ lesions).

Numbers, Locations, and Sizes of Cysts at
Imaging

A total 111 pathologically verified cysts
were identified in 86 patients. More
than one cyst was detected in 17 pa-
tients: Ten patients had two pancreatic
cysts, six had three cysts, and one had
four cysts. Fifty-five cysts were located
in the head of the pancreas; 28 cysts, in
the body; and 28 cysts, in the tail. The
sizes of the cysts ranged from 7 mm to 3
cm (mean, 19.2 mm).

Thirty-six  (42%) patients had
unilocular cysts, and 50 (58%) had sep-
tated cysts. No cyst in our study group
had a solid component at imaging or
histopathologic analysis. No peripancre-
atic abnormalities in the form of lymph-
adenopathy, fat infiltration, vascular in-
volvement, or metastasis were docu-
mented in any patient.

Surgery and Histopathologic Analysis

Forty-eight patients underwent surgical
resection for 60 cysts. Twenty-three pa-

Figure 2

Figure 2:  Transverse contrast-enhanced CT
scan of abdomen in 70-year-old man with abdom-
inal pain. A2.7-cm septated cyst (arrow) is seen in
the tail of the pancreas and was proved to be an
intraductal papillary mucinous neoplasm with
borderline changes at histopathologic analysis.

tients underwent the Whipple proce-
dure; 19 patients, distal pancreatecto-
my; and six patients, middle pancreate-
ctomy. Thirty-seven patients had benign
cysts: mucinous cystadenoma in 13 pa-
tients, side-branch intraductal papillary
mucinous neoplasm in 14, serous cysta-
denoma in three, pseudocyst in two,
cystic neuroendocrine tumor in two,
lymphoepithelial cyst in one, and un-
classified cyst (sclerosing benign cyst in
one patient, benign multicystic lesion
with squamous differentiation in one
patient) in two.

Eleven patients were assigned to the
malignant cyst group: Eight patients had
borderline tumors (six with side-branch
intraductal papillary mucinous
plasms, two with mucinous cystic neo-
plasms), and three had carcinoma in
situ lesions (two with side-branch intra-
ductal papillary mucinous neoplasms,
one with mucinous cystic neoplasm).
None of the patients had invasive cancer
at histopathologic analysis. One patient
underwent surgery after initial conser-
vative management. In this patient, fol-
low-up CT and endoscopic US images
obtained at 2-year follow-up showed in-
creased cyst size and the development
of a solid component. The cytologic
findings correlated with the imaging
findings. Results of the first cytologic
examination were negative for malig-
nant cells, whereas results of the cyto-
logic examination performed at 2 years
showed malignant cells. After resection,
this patient received a diagnosis of side-
branch intraductal papillary mucinous
neoplasm with carcinoma in situ.

Of the 48 patients who underwent
surgical resection, 16 had unilocular
cysts and 32 had septated cysts. Fifteen
of the 16 patients with unilocular cysts
had benign lesions, and one (with an
intraductal papillary mucinous
plasm) was assigned to the malignant
cyst group (Fig 1). The intraductal pap-
illary mucinous neoplasm had border-
line changes at histopathologic analysis,
without evidence of invasive carcinoma
or carcinoma in situ. Of the 32 patients
with septated cysts, 22 had benign le-
sions and 10 were assigned to the malig-
nant cyst group (seven with borderline
neoplasms, three with carcinoma in situ

neo-

neo-
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(a—c) Serial transverse contrast-enhanced CT images of abdomen in 69-year-old man. A 2.7-cm intraductal papillary mucinous neoplasm (arrow)
involving the body of the pancreas was confirmed at endoscopic US—guided aspiration and biopsy and remained unchanged during the 2-year follow-up.
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Table 1

Positive Predictive Values for
Detection of Specific Pancreatic
Cyst Types

Positive Predictive

Pancreatic Cyst Type Value*
Benign, =3 cm 87 (75/86)
Benign, unilocular 97 (35/36)
Malignant, septated 20 (10/50)

* Data are percentages. Data in parentheses are num-
bers of patients used to calculate the percentages.

lesions). None of the septated cysts
showed invasive carcinoma (Fig 2).
None of the patients had malignant
peripancreatic lymphadenopathy at his-
topathologic analysis.

Nonsurgical Management
Thirty-eight patients with 51 pancreatic
cysts were treated conservatively.
Twenty of these 38 patients had unilocu-
lar cysts, and 18 had septated cysts. No
solid components or enlarged peripancre-
atic lymph nodes were seen at initial en-
doscopic US. In all of these patients, a
diagnosis of benign lesion was established
after endoscopic US-guided cyst fluid
analysis and cytologic analysis.

Of the 38 patients who were treated
nonsurgically, 29 underwent imaging
follow-up for a mean period of 21.8

Table 2
Detection of Benign and Malignant Pancreatic Cysts Based on Presence or Absence of
Septa
Malignant Cysts
Pancreatic Cyst Type Benign Cysts Borderline Carcinoma in Situ Invasive Cancer
Unilocular 85 1 0
Septated 40 7 0
Total 75 8 3 0

Note.—Data are numbers of patients.

months. Five of these patients had a
greater than 5 mm reduction in the size
of the cyst at follow-up imaging: Three
had complete resolution of the cyst, and
two had a marked reduction in cyst size.
Aside from the one patient who had
side-branch intraductal papillary muci-
nous neoplasm with carcinoma in situ
(described earlier), none of these con-
servatively treated patients had an in-
crease in cyst size or changes in the
morphologic features of the cyst at fol-
low-up imaging to suggest progression
to malignancy (Fig 3). In addition, none
of these patients had pancreatic or bili-
ary ductal dilatation or obstruction,
peripancreatic lymphadenopathy or fat
infiltration, vascular encasement, or
metastasis to suggest malignancy at fol-
low-up imaging.

Comparison of Imaging and
Histopathologic Findings

A total of 75 (87%) of the 86 patients
had benign cysts, eight (9%) had bor-
derline neoplasms, and three (4%) had
carcinoma in situ lesions. Thirty-six
(42%) patients had unilocular cysts: 35
had benign lesions, and one had a bor-
derline neoplasm. Fifty (58%) patients
had septated cysts. Ten of these pa-
tients had cysts assigned to the malig-
nancy category: seven with borderline
neoplasms and three with carcinoma in
situ lesions. The positive predictive val-
ues for the detection of benignity and
malignancy based on cyst size and ab-
sence or presence of septa are given in
Table 1. Overall, one of the 36 patients
with unilocular cysts, compared with 10
of the 50 patients with septated cysts,
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received a diagnosis of either borderline
neoplasm or carcinoma in situ (P =
.042). A breakdown of the numbers of
patients with benign and malignant
cysts as a function of the presence or
absence of septa is presented in Table 2.
The distributions of patients with
unilocular and septated cysts are shown
in Tables 3 and 4, respectively. All 11
patients assigned to the malignant cyst
group had mucin-producing neoplasms.
The various benign lesions included in
our study are shown in Table 5.

Performing CT and MR imaging by us-
ing thin sections through the pancreas
has resulted in increased detection of
pancreatic cysts (1). Other factors such
as optimization of the timing of the con-
trast agent injection and imaging during
the appropriate vascular phase after
contrast agent injection also have con-
tributed to this improved detection. In-
sufficient information on the biologic be-
havior of small pancreatic cysts has re-
sulted in an absence of clear-cut
guidelines for the management of these

Table 3

Distribution of Unilocular Pancreatic

Cysts in 36 Patients

Unilocular Cyst Type No. of Patients
Pseudocyst 5
Mucin-producing neoplasm 18
Benign, unclassified 1
Serous cystadenoma 1
Neuroendocrine tumor 1

Distribution of Septated Pancreatic

Cysts in 50 Patients
No. of

Septated Cyst Type Patients
Pseudocyst 2
Mucin-producing neoplasm 29
Benign, unclassified 14
Serous cystadenoma 2
Neuroendocrine tumor 1
Other 2

lesions (1-6). Because of the known
risk of malignancy in cystic neoplasms
of the pancreas, investigators have rec-
ommended the resection of all pancre-
atic cysts (3,7,9). However, this treat-
ment strategy seems overly aggressive
given that 80.6% of the cysts described
in our database were 3 cm in diameter
or smaller at the time of detection and
that 78.0% of these cysts were inciden-
tally detected. These findings highlight
the need to single out small pancreatic
cysts for further study.

At present, published literature on
the natural history of small pancreatic
cysts is limited. However, studies per-
taining to pancreatic cysts of all sizes
have revealed that small pancreatic
cysts are less likely to be malignant
(3,4,6). In the Fernandez-del Castillo et
al study (1), only 10 (20%) of 51 small
cysts were malignant. In our series of 86
patients with small pancreatic cysts, 75
patients (87%) had benign lesions, 11
(13%) had malignant lesions (eight with
borderline neoplasms and three with
carcinoma in situ lesions at histopatho-
logic analysis), and none had invasive
malignancy. For patients with pancre-
atic cysts 3 cm or smaller, the positive
predictive value for a benign diagnosis
was 87%. These findings are contradic-
tory to those reported by Spinelli et al
(2), who found that cyst size did not
enable the prediction of malignancy. All
of the malignant cysts in our series were
noninvasive; this factor further sup-
ports the contention that small mucin-
producing neoplasms may have low ma-
lignancy potential. None of the pancre-
atic cysts in our series contained
invasive carcinoma.

Table 5

Distribution of Benign Pancreatic

Cysts in 75 Patients
No. of

Benign Cyst Type Patients
Pseudocyst 7
Mucin-producing neoplasm 34
Benign, unclassified 25
Serous cystadenoma 3
Neuroendocrine tumor 2
Other 4

Furthermore, the pancreatic cysts
in 38 (67%) of the 86 patients were
detected incidentally. Of these 58 pa-
tients, seven (12%)—five with border-
line neoplasms and two with carcinoma
in situ lesions—were assigned to the
malignant cyst group; the remaining pa-
tients had benign cysts. Investigators in
a previous study (1) found that 3.5% of
the small incidentally detected cysts in
their series were malignant.

It is well recognized that the detec-
tion of a solid component within a pan-
creatic cyst is a strong indicator of ma-
lignancy (3,4). Although the identifica-
tion of septa within a pancreatic cyst is
not always associated with malignancy,
it can be a cause for concern (4). Septa
can be associated with a malignant or
potentially malignant mucinous cystic
neoplasm as well as a benign serous cys-
tadenoma (11,12). We attempted to de-
termine whether morphologic features
such as septa are associated with a
higher incidence of malignancy in small
cysts. In our series, only one of the 36
patients with unilocular cysts had bor-
derline malignant changes, without car-
cinoma in situ or invasive cancer. This
result highlights the fact that small pan-
creatic cysts without septa or solid com-
ponents are almost always benign. The
positive predictive value of 3 cm or
smaller unilocular cysts for the detec-
tion of benignity was found to be 97%.
On the other hand, 10 of the 50 patients
with septated cysts had malignant le-
sions—seven had borderline neo-
plasms, and three had carcinoma in situ
lesions—whereas none of these patients
had invasive malignancy. The positive
predictive value of septa for the detec-
tion of a more aggressive histologic tu-
mor type was 20%, which implies that
the detection of septa within small cysts
is not a good determinant of malig-
nancy, but it does increase the level of
suspicion.

Since Compagno and Oertel (13,14)
described the potential malignant na-
ture of mucinous cystic neoplasms, it
has been assumed that all mucinous
cystic neoplasms will transform into
malignancies. However, subsequent
study results have suggested that care-
fully selected patients can be treated
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nonsurgically (3-6,15). The criteria for
nonsurgical management in these stud-
ies were variable and included young
age, absence of symptoms, small cyst
size, absence of a solid component,
identification of the typical morphologic
features of serous cystadenomas, and
absence of mucin in the cyst aspirate. In
these studies, almost all of the pancre-
atic cysts were stable at serial imaging
surveillance. The few cysts that demon-
strated growth at serial imaging had be-
nign features at histopathologic analysis
following resection. Spinelli et al (2) re-
ported that 15 (19%) of the 79 patients
who underwent follow-up imaging in
their study had cyst growth, and in 11 of
these 15 patients, the cysts were malig-
nant at resection. The mean diameter of
the cysts that showed growth was 3.5
cm, while the mean diameters of the
cysts that remained stable or decreased
in size were 1.9 and 2.6 cm, respec-
tively.

In our series, nearly all of the pa-
tients who did not undergo surgery and
were treated conservatively had no in-
terval cyst growth or change in cyst
characteristics at follow-up CT or MR
imaging for a mean of 21.8 months. In
only one patient, who initially was
treated conservatively, the cyst in-
creased in size and had a solid compo-
nent at 2-year follow-up imaging. In this
patient, results of the initial cytologic
examination were negative for malig-
nant cells, while results of the second
cytologic examination were positive for
malignancy. The final diagnosis in this
patient was side-branch intraductal
papillary mucinous neoplasm with carci-
noma in situ. These results support the
hypothesis that the majority of small
pancreatic cysts are benign and have
stable size and morphologic features at
follow-up and that interval cyst growth
or changes in cyst morphologic fea-
tures, such as the development of mural
nodules, calcification, or dilatation of
the pancreatic duct or bile duct, should
be viewed with suspicion for malignant
transformation. Therefore, in the ab-
sence of symptoms, these cysts can be
safely managed with imaging surveil-
lance.

There were some limitations in our

study. The section thickness selected
for CT was not kept constant: The pa-
tients who were examined with a dedi-
cated pancreas protocol technique were
imaged by using a section thickness of
1.25 mm, while other patients were im-
aged by using a section thickness of 5.0
mm. This may have affected our ability
to assess morphologic features such as
thin septa or small mural nodules. Be-
cause our institution is a tertiary refer-
ral center for treatment of pancreatic
diseases, the data in our series may not
have been representative of the true
frequency of malignancy in small cysts
in the general population. The degrees
of complexity of the cysts at imaging
also may have influenced the decision to
perform endoscopic US-guided aspira-
tion and surgery. Because surgical re-
section was not performed in all pa-
tients, we relied on a combination of
biochemical markers, tumor markers,
and cytologic cyst fluid findings to estab-
lish the diagnoses. Although none of
these findings represents a reference
standard, the combination of findings of
various cyst fluid and cytologic analyses
is complementary in establishing the na-
ture of pancreatic cysts (16).

In addition, nine of the 38 patients
who were treated nonsurgically were
lost to follow-up. No attempts were
made to contact these patients or their
primary care physicians to follow up the
status of their pancreatic cysts. Like-
wise, we do not know the outcomes of
the patients who had pancreatic cysts 3
cm or smaller but did not meet our eligi-
bility criteria of histopathologic verifica-
tion and therefore were not a part of the
study. Finally we did not evaluate the
incidence of malignancy in the pancre-
atic cysts that were larger than 3 cm.

The natural history of small pancre-
atic cysts is not yet clearly understood.
Although mucin-producing neoplasms
are considered potentially malignant if
they are left in situ, the transformation
from a benign to a malignant histologic
type may take several years, and it is
not clear if this occurs in all cases.
Therefore, it may be prudent to observe
these lesions for an extended period.
However, serial imaging performed for
a prolonged period that reveals no

change in the size or morphologic fea-
tures of a lesion may lead to a loss of
interest on the part of the patient and
thus adversely affect his or her compli-
ance with follow-up. This phenomenon
could be a potential problem for some
patients.

In conclusion, the majority (87%) of
the small (=3 cm) pancreatic cysts in
our study were benign. Some pancreatic
cysts can contain carcinoma in situ, al-
though this finding is uncommon,
whereas invasive carcinoma is very
rare. Small unilocular cysts are almost
never malignant, and the detection of
septa at imaging does not definitively
indicate malignancy. However, inciden-
tally detected small cysts should not be
disregarded, because a small percent-
age (13% in our study) of them can be a
more aggressive histologic type. On the
basis of our results, we believe that
small incidentally detected pancreatic
cysts can be safely monitored with im-
aging. Changes in the size or morpho-
logic features of a cyst at follow-up im-
aging should raise suspicion for malig-
nancy and prompt one to perform
either resection or cyst aspiration for
cytologic analysis.

References

1. Fernandez-del Castillo C, Targarona J,
Thayer SP, Rattner DW, Brugge WR, War-
shaw AL. Incidental pancreatic cysts: clinico-
pathologic characteristics and comparison
with symptomatic patients. Arch Surg 2003;
138:427-434.

2. Spinelli KS, Fromwiller TE, Daniel RA, et al.
Cystic pancreatic neoplasms: observe or op-
erate. Ann Surg 2004;239:651-659.

3. Megibow AJ, Lombardo FP, Guarise A, et al.
Cystic pancreatic masses: cross-sectional
imaging observations and serial follow-up.
Abdom Imaging 2001;26:640-647.

4. Allen PJ, Jaques DP, D’Angelica M, Bowne
WB, Conlon KC, Brennan MF. Cystic lesions
of the pancreas: selection criteria for opera-
tive and nonoperative management in 209
patients. J Gastrointest Surg 2003;7:970-
977.

. Walsh RM, Henderson JM, Vogt DP, et al.
Prospective preoperative determination of
mucinous pancreatic cystic neoplasms. Sur-
gery 2002;132:628-633; discussion 633-
634.

w1

6. lIkeda M, Sato T, Ochiai M, Morozumi A,

918

Radiology: \olume 238: Number 3—March 2006



>
i}
=

T
o=

GASTROINTESTINAL IMAGING: Small Pancreatic Cysts

Sahani etal

10.

Ainota T, Fujino MA. Ultrasonographic fol-
low-up study of small pancreatic cysts of un-
known etiology. Bildgebung 1993;60:209 -
214.

. Fernandez-del Castillo C, Warshaw AL. Cys-

tic tumors of the pancreas. Surg Clin North
Am 1995;75:1001-1016.

. Balcom JH 4th, Rattner DW, Warshaw AL,

Chang Y, Fernandez-del Castillo C. Ten-year
experience with 733 pancreatic resections:
changing indications, older patients, and de-
creasing length of hospitalization. Arch Surg
2001;136:391-398.

. Ooi LL, Ho GH, Chew SP, Low CH, Soo KC.

Cystic tumors of the pancreas: a diagnostic
dilemma. Aust N Z J Surg 1998;68:844 - 846.

Von Kloppel G, Solcia E, Longnecker DS,

11.

12.

13.

Capella C, Sobin LH. Histological typing of
tumors of the exocrine pancreas. In: Collab-
oration with Pathologists in 7 Countries
Series: World Health Organization—inter-
national histologic classification of tumors.
New York, NY: Springer-Verlag, 1998.

Hammond N, Miller FH, Sica GT, Gore RM.
Imaging of cystic diseases of the pancreas.
Radiol Clin North Am 2002;40:1243-1262.

Sarr MG, Murr M, Smyrk TC, et al. Primary
cystic neoplasms of the pancreas: neoplastic
disorders of emerging importance— current
state-of-the-art and unanswered questions. J
Gastrointest Surg 2003;7:417-428.

Compagno J, Oertel JE. Microcystic adeno-
the (glycogen-rich
cystadenomas): a clinicopathologic study of

mas  of pancreas

14.

16.

34 cases. Am J Clin Pathol 1978;69:289 -
298.

Compagno J, Oertel JE. Mucinous cystic
neoplasms of the pancreas with overt and
latent malignancy (cystadenocarcinoma and
cystadenoma): a clinicopathologic study of
41 cases. Am J Clin Pathol 1978;69:573-
580.

. Le Borgne J, de Calan L, Partensky C. Cyst-

adenomas and cystadenocarcinomas of the
pancreas: a multiinstitutional retrospective
study of 398 cases—French Surgical Associ-
ation. Ann Surg 1999;230:152-161.

Brugge WR, Lewandrowski K, Lee-Lewand-
rowski E, et al. Diagnosis of pancreatic cystic
neoplasms: a report of the cooperative pan-
creatic cyst study. Gastroenterology 2004;
126:1330-1336.

Radiology: \/olume 238: Number 3—March 2006

919



