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Abstract

OBJECTIVE—Current generation MDCT technology facilitates identification of small,
nonenhancing lesions in the pancreas. The objective of this study was to determine the prevalence
of findings of unsuspected pancreatic cysts on 16-MDCT in a population of adult out-patients imaged
for disease unrelated to the pancreas.

MATERIALS AND METHODS—Contrast-enhanced MDCT scans of the abdomen were reviewed
from 2,832 consecutive examinations to identify pancreatic cysts. Patients with a history of pancreatic
lesions or predisposing factors for pancreatic disease or who were referred for pancreatic CT were
excluded.

RESULTS—A total of 73 patients had pancreatic cysts, representing a prevalence of 2.6 per 100
patients (95% Cl, 2.0-3.2). Cysts ranged in size from 2 to 38 mm (mean, 8.9 mm) and were solitary
in 85% of cases. Analysis of demographic information showed a strong correlation between
pancreatic cysts and age, with no cysts identified among patients under 40 years and a prevalence of
8.7 per 100 (95% Cl, 4.6-12.9) in individuals from 80 to 89 years. After controlling for age, cysts
were more common in individuals of the Asian race than all other race categories, with an odds ratio
of 3.57 (95% ClI, 1.05-12.13). There was no difference by sex in the prevalence of cysts (p = 0.527);
however, cysts were on average 3.6 mm larger (p = 0.014) in men than women.

CONCLUSION—In this outpatient population, the prevalence of unsuspected pancreatic cysts
identified on 16-MDCT was 2.6%. Cyst presence strongly correlated with increasing age and the
Asian race.

Keywords
CT,; incidence; MDCT; pancreatic cyst; prevalence

This year an estimated 37,170 Americans will be diagnosed with pancreaticcancer, and 33,370
will die from the disease [1]. Detection of this disease in its early curable stages is difficult, to
the extent that more than 80% of pancreatic cancers have metastasized or are locally
unresectable at the time of diagnosis [2]. As a result, the 5-year survival rate for all stages
combined is 5% [3]. The detection and treatment of early precursors to invasive pancreatic
cancer offer the best hope for improving outcome.
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Three histologically distinct precursors to invasive adenocarcinoma of the pancreas have been
identified. These include the intraductal papillary mucinous neoplasm, the mucinous cystic
neoplasm, and pancreatic intraepithelial neoplasia [4]. Pancreatic intraepithelial neoplasias are
too small to be detected by most imaging methods. However, both intraductal papillary
mucinous neoplasms and mucinous cystic neoplasms should be detectable, and both appear as
cystic pancreatic lesions on cross-sectional imaging [5]. This suggests that an asymptomatic
cyst detected in the pancreas could represent a treatable precursor to invasive cancer.

A limited number of previous studies have reported both the incidence and prevalence of
pancreatic cysts across a range of patient populations using autopsy, MRI, and CT [6-9].
However, current generation MDCT technology with narrow detector thickness provides
exceptional spatial and temporal resolution, thus facilitating identification of small, non-
enhancing lesions in the pancreas. Using this technology, we sought to determine the
prevalence of unsuspected (i.e., previously undiagnosed and not related to the indication for
the CT examination) asymptomatic pancreatic cysts in adult subjects who did not have known
pancreatic disease. This data will provide the foundation for additional investigation into the
pathophysiology and natural history of these lesions and will ultimately contribute toward the
establishment of an evidence-based management plan.

Materials and Methods

Subjects

The institutional review board at Johns Hopkins School of Medicine granted an exemption for
this retrospective record review and waived the requirement for informed patient consent.

We retrospectively identified all patients who underwent abdominal CT at an outpatient center
over a 1-year period for conditions other than known or suspected pancreatic disease. The
period covered was from June 20, 2005, to June 19, 2006. Relevant scans were identified using
an internal coding system for CT scans that included the abdomen.

The following were the inclusion criteria for the study: Age greater than 19 years at the time
of CT and an IV contrast-enhanced 16-MDCT examination including the pancreas using the
protocols outlined later in the CT Technique section. To ensure that any cysts discovered were
truly unsuspected, we excluded patients with known pancreatic disease or predisposing factors
for pancreatic disease or who had symptoms related to the pancreas. Such patients were defined
using the following exclusion list: patients with a known history of either symptomatic or
asymptomatic pancreatic cysts or masses; CT examinations ordered specifically to image the
pancreas; patients who underwent pancreatectomy in any form (Whipple, total, distal);
pancreas transplant recipients; CT examinations performed for non-specific pain, mass, and
so on for which the cause was subsequently deemed to be related to the pancreas; and patients
with Zollinger-Ellison syndrome, polycystic kidney disease, cystic fibrosis, chronic
pancreatitis, insulinoma, von Hippel-Lindau disease, or pancreas divisum.

CT Technique

All CT examinations were performed with a Somatom Sensation 16-MDCT scanner (Siemens
Medical Solutions) using a range of protocols depending on the clinical indication for the
examination. Detector row configuration was either 0.625 mm or 1.25 mm and reconstruction
thickness ranged from 3 to 5 mm. Depending on the protocol used, 1V contrast acquisitions
may have included an arterial phase (25-30 seconds), portal venous phase (50-70 seconds),
and/or delayed phase (4-5 minutes). All studies had at least one contrast-enhanced phase,
usually the portal venous phase. Some studies performed for suspected renal abnormalities
included arterial and excretory phase imaging as well.

AJR Am J Roentgenol. Author manuscript; available in PMC 2009 June 8.
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Data Collection

Results

All CT scans were retrospectively reviewed by one of four attending radiologists in the division
of body CT, using Ultravisual Software (Emageon). CT studies were reviewed in reverse
chronological order, so that if a patient underwent more than one CT examination during the
study period, only the most recent examination was reviewed. Axial sections were reviewed
at the workstation with a soft-tissue window (width, 410 HU; level, 7 HU), and measurements
were performed with an electronic caliper measuring tool. The following data were collected
for each scan: the presence, size, and location of all pancreatic cysts; whether a mural nodule
was present; and the largest diameter of the pancreatic duct. If a cyst was identified, then the
CT was re-reviewed by two attending body CT radiologists in consensus to confirm that the
lesion identified was a pancreatic cyst. The patient’s complete record was then manually
reviewed to determine if the cyst had been reported previously. The patient’s age, race, sex,
and medical and surgical history were also reviewed. The indication for the examination was
obtained from the CT report.

For reporting purposes, the pancreatic head was defined as the portion of the gland that lies to
the right of the superior mesenteric vein and gives rise to the uncinate process. The pancreatic
neck lies immediately anterior to the superior mesenteric vessels. The body is the portion of
the pancreas that lies to the left of the superior mesenteric vessels. The tail is not always well
demarcated from the body on CT. However, for this study, the tail was defined as the distal tip
of the pancreas, which extends into the splenic hilum.

Data were recorded in Microsoft Access. The prevalence of cysts by age, race, sex, and
indication for CT was examined using univariate and multivariate logistic regression. Linear
regression (univariate and multivariate) was used to assess whether cyst size varied by location,
sex, race, age, and location of cyst. All statistical analysis was conducted using Stata version
9.0 (Stata Software).

Samples of the CT scans we reviewed are presented in Figures 1-4.

MDCT scans were reviewed for the 2,832 patients who fulfilled the inclusion criteria. The
mean age of the patients was 58.2 years and 49% were women. Seventy-three cysts were
detected during the study, yielding a prevalence of 2.6 per 100 individuals (95% CI, 2.0-3.2)
for newly discovered asymptomatic pancreatic cysts at outpatient CT. A summary of findings
is presented in Table 1.

The prevalence of cysts increased with increasing age, with the highest prevalence in
individuals 80-89 years, at 8.7 per 100 individuals (95% Cl, 4.6-12.9). No cysts were identified
in the 332 patients who were less than 40 years old or in the 13 who were greater than 90 years
old who underwent CT. The oldest individual who underwent CT was 95 years. There was no
difference by sex in the prevalence of cysts (p = 0.527). The prevalence of cysts was similar
between racial or ethnic groups except for Asians, who had an overall prevalence of 4.7 per
100 (95% ClI, —0.6 to 10.2). However, only a limited number of patients reported Hispanic
ethnicity (30 individuals, all with no evidence of cysts), thus limiting our ability to examine
the prevalence of cysts in detail in this group. Overall, the prevalence of cysts did not differ
significantly by indication for CT.

To further examine the impact of age and race on the prevalence of cysts, multivariate logistic
regression analysis was conducted (Table 2). Neither sex nor indication for CT was predictive
of cyst prevalence, and therefore these criteria were excluded from the final model. The

relationship between increasing age and increasing prevalence of cysts was still present after

AJR Am J Roentgenol. Author manuscript; available in PMC 2009 June 8.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Laffan et al.

Page 4

controlling for race, with the odds of a cyst being present increasing by 1.06 (95% ClI, 1.04—
1.08) for each increasing year. When we examined the prevalence of cysts in Asians compared
with all other racial or ethnic groups combined while controlling for age, Asians had an
increased odds ratio of 3.57 (95% Cl, 1.05-12.13) of having a pancreatic cyst compared with
whites.

When we examined the prevalence of cysts by location in the pancreas (head, neck, body, tail,
and uncinate) there were no significant differences, as reported in Table 3. However, cysts in
the body were more prevalent in men (0.83 per 100; 95% Cl, 0.36-1.30) and cysts in the
uncinate less prevalent (0.28; 95% ClI, 0.05-0.57). Conversely, within women, tail cysts were
slightly more prevalent at 0.87 per 100 (95% Cl, 0.38-1.4).

Among patients with a cyst, the size of the cyst (or size of the largest cyst among those with
more than one cyst) was examined to determine if it varied by age, sex, race, or location (Table
4). Overall, cysts ranged from 2 to 38 mm, with a mean size of 8.9 mm. Cysts were on average
3.6 mm larger (p = 0.014) in men compared with women. Cyst size did not vary by race or
location; however, cysts were slightly larger among those 80-89 years old, with an average
size of 12.3 mm (p = 0.078) in this age group. There was only one patient found to have a cyst
greater than 3 cm: an 80-year-old white man. Yet, after excluding this case, cysts were still
larger by 10.6 mm (p = 0.169) in this age group.

Eleven patients were found to have more than one cyst. Six of the patients were men, two were
Asian, and the average age was 68 years (age range, 40-87 years). Furthermore, seven of the
11 patients had two pancreatic cysts, and four had more than two lesions. Among the 11 patients
with multiple cysts, only in four cases was the size of the largest cyst comparable (within 20%)
to the size of the second largest cyst.

The largest duct diameter was investigated in patients seen to have a cyst, and it was measurable
in 52 of 73 patients (we considered a measurement of zero to be nonmeasurable). Where
measurable, the largest duct diameter had a mean of 2.5 mm with a range of 1-5.3 mm. There
did not appear to be a strong linear correlation between duct diameter and cyst size (p = 0.241).
Finally, all cysts were examined for mural nodules, but none was identified.

Discussion

Only limited data are available on the incidence or prevalence of pancreatic cysts in the general
population, and when reported, the frequency at which pancreatic cysts are detected has varied
fromas low as 0.7% to as high as 36.7% [6,9]. At the low end of the detection spectrum, Spinelli
etal. [6] reported on 24,039 MRI and CT scans identified by a computerized search for specific
terms and reported that 0.7% of those without any mention of pancreatitis were found to have
pancreatic cysts. This figure may be an underestimation because the study was over a 7-year
period from 1995 to 2002 and included 4-, 8-, and 16-MDCT, and a wide variety of imaging
techniques and protocols was used. Also, data were derived from dictated reports, and the CT
scans were not re-reviewed specifically for pancreatic cysts.

A study by Zhang et al. [7] reviewed the spin-echo MR images of 1,444 patients specifically
for the presence of cysts and found a prevalence of 19.6%. This was from a group of all patients
who underwent MRI, which included the pancreas, with no bias for or against pancreatic
symptoms. Thus, these were not all asymptomatic cysts, precluding direct comparison with
our results.

Similarly, a study of 300 autopsy cases found that 24.3% had pancreatic cystic lesions [8]. This
series was from a Japanese geriatric hospital and included all patients with no bias for or against
pancreatic disease. Therefore, again, these were not unsuspected cysts. The higher percentage

AJR Am J Roentgenol. Author manuscript; available in PMC 2009 June 8.
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of patients with a pancreatic cyst in this study may also be due to the (presumably)
predominantly Asian race; older age of the population (85% were 65 years or older); resolution
of gross examination of the pancreas as compared with imaging; or, as noted earlier, that these
cysts were not all incidentally discovered.

At the high end of the detection spectrum, Fernandez-del Castillo and colleagues [9] studied
the records of 212 patients with pancreatic cystic lesions seen at Massachusetts General
Hospital and found that 36.7% were asymptomatic. However, this definition was based on the
criterion that the cysts were discovered during evaluation for a different medical problem even
if some of those patients had “low-intensity symptoms” that could be potentially related to the
pancreatic cystic lesion. We also do not know the denominator of this study—that is, the total
number of asymptomatic patients examined to identify those with a pancreatic cyst.

Some of the wide variation in numbers reported in these series is the result of the misuse of
the terms “incidence” and “prevalence” [10] and some by the use of the ambiguous term
“incidentaloma” [11]. In our analysis we specifically excluded any cysts already known before
the start of the study period. Furthermore, our exclusion criteria were very broad and precluded
inclusion of patients with symptoms that were attributed to the pancreas, a history suggestive
of pancreatic disease, or pancreatic disease risk factors. This was necessary because our
hospital is a tertiary referral center for pancreatic disease, and it helped to ensure that any cysts
included were truly asymptomatic and unsuspected findings.

The likelihood of having a pancreatic cyst correlated with increasing age in our study, similar
to both the MRI study and the autopsy-based study [7,8]. On MR, it was noted that 4.8% of

cysts were found in patients less than 30 years old [7]—we found none less than 40 years old.
Also similar to our study, the MRI series found no significant difference in prevalence of cysts
with respect to sex [7]. Although we found a strong correlation between Asian race and cyst

prevalence, we have identified no other series with similar findings.

The reported distribution of cysts within the pancreas varies among series. In the autopsy series,
they were identified marginally more often in the tail than the head [8], and on MRI, they were
seen mainly in the body of the pancreas [7]. In our study, we found no significant differences
in the distribution of cysts. However, in women, tail cysts were slightly more prevalent at 0.87
per 100 (95% Cl, 0.38-1.40). It is known that a particular type of cyst (mucinous cystic
neoplasm) is most commonly found in the tail of peri-menopausal women; however, such cysts
are typically large (mean, 10 cm) [12] and unlikely to account fully for this finding.

A key difference between the results of our study and other series is the number of patients
with multiple cysts in the pancreas. Both the previously noted autopsy and MRI studies reported
significantly more patients with multiple cysts than we noted on MDCT. In this study, we found
that 11 patients, or 15% of all patients found to have cysts, had more than one cyst. On MR,
23% of the patients with a cyst had two cysts, and 21.2% had more than two cysts [7]. At
autopsy, half the pancreata with cystic changes had one lesion, 40% had 2-5 lesions, and 12%
had more than six lesions [8]. However, neither of these studies excluded patients with
pancreatic disease and the autopsy investigation involved older patients, both factors that may
account for the presence of multiple cysts.

If we extrapolate from other series, of the 73 patients in whom we found lesions, we can expect
that some of them are neoplastic or premalignant [9] lesions such as intraductal papillary
mucinous neoplasms, and thus these lesions certainly cannot be dismissed. The challenge then
becomes which cysts can be ignored, which should be carefully followed, and which should
be surgically resected.

AJR Am J Roentgenol. Author manuscript; available in PMC 2009 June 8.
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Although further studies are needed in which patients with incidentally discovered cysts are
followed, there is some evidence-based medicine that can guide the management of these
patients today. Tanno et al. [13] followed 82 patients with branch-duct type intraductal
papillary mucinous neoplasms without a mural nodule for a median of 61 months, and nine
(11%) of the 82 showed some progression on follow-up. None of these patients developed an
invasive cancer during the study. Thus it would seem reasonable to manage these patients using
an algorithm that includes size of the lesion, imaging characteristics, clinical aspects, and
further tests such as endoscopic sonography or fine-needle aspiration [14,15]. For example,
Allen and Brennan [15] proposed that selected patients with mucinous cysts without a solid
component and of less than 3-cm diameter can be safely followed because the risk of
malignancy approximates the risk of mortality from surgical resection. Further study to
determine the natural history and histologic subtype of the lesions identified will be a great aid
in further refining these algorithms.

Several aspects of our study need to be kept in mind when considering our results. Because
our facility is a tertiary referral center for pancreatic cancer, an exhaustive list of exclusions
was used, as detailed in the Materials and Methods section, to ensure that the cysts found were
truly representative of the prevalence in the wider population. The retrospective nature of the
study is not ideal for generating a random sample but was necessary to organize the reviewing
of cases in a time-efficient manner. The MDCT data acquisition and reconstruction technique
was not uniform across all subjects. Uniform use of submillimeter detector sections and 2 to
3 mm reconstruction sections in all subjects could have potentially revealed more small
pancreatic cysts. Our study is strengthened because experienced radiologists re-reviewed all
of the MDCT images specifically to look for cysts as opposed to relying on dictated reports.
No standards were set in advance for detection criteria, and concordance among radiologists
was not measured. If a patient had a cyst that diminished sufficiently in size between two CT
scans over the year, that cyst may not have been identified in our study because only the later
scan would have been reviewed. However, the frequency of such an occurrence is assumed to
be low. Finally, even though this study population was multiracial, whites and blacks
significantly outnumbered Asians and other races, reflecting the overall Johns Hopkins
Hospital patient population.

In conclusion, with advancements in CT technology and improved spatial resolution,
unsuspected small pancreatic cysts are being detected with increased frequency. In the out-
patient population in this study, the prevalence of unsuspected, asymptomatic cysts identified
on 16-MDCT was 2.6%. Presence of a cyst showed a strong correlation with increasing age as
well as the Asian race. This determination will provide a framework for the rational evidence-
based management of unsuspected pancreatic cysts.
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Fig. 1.

75-year-old white woman with two pancreatic cysts.

A, Transverse contrast-enhanced CT scan shows 14-mm cyst (arrow) in head of pancreas.
Common duct (arrowhead) is also seen.

B, Transverse CT image cephalad to A shows 13-mm cyst (arrow) in body of pancreas.
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Fig. 2.

82-year-old white man with cyst in pancreas and dilated pancreatic duct.

A, Transverse image from delayed contrast-enhanced CT scan shows 14-mm cyst (arrow) in
head of pancreas.

B, Transverse image from delayed contrast-enhanced CT scan shows largest diameter of
pancreatic duct (arrowheads) was 5.2 mm.
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Fig. 3.
84-year-old white woman. Transverse image from IV contrast-enhanced CT scan shows 3-mm
cyst (arrow) in neck of pancreas.
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Fig. 4.
77-year-old white man. Transverse image from 1V contrast-enhanced CT scan shows 24-mm
cyst (arrow) in tail of pancreas.
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TABLE 1
Prevalence of Cysts
Patients
Screened (% of Cyst Prevalence Odds Ratio? (95%
Parameter total) Patients with Cyst per 100 (95% CI) Cl)
Total 2,832 (100) 73 2.6 (2.0-3.2) —
Age (¥)
20-39 332 (11.7) 0 0 —
40-49 439 (15.5) 6 1.4 (0.2-2) 1.00 (ref)
50-59 711 (25.1) 11 1.5(0.6-2) 1.13 (0.416-3.09)
60-69 626 (22.1) 18 29 (1.5-4.1) 2.13 (0.84-5.43)
70-79 528 (18.6) 22 4.0 (2.4-5.9) 3.14 (1.26-7.80)
80-89 183 (6.5) 16 8.7 (4.6-12.9) 6.91 (2.66-17.96)
>90P 13(0.5) 0 0 —
Sex
F 1,387 (49.0) 35 2.5 (1.7-3.3) 1.00 (ref)
M 1,445 (51.0) 38 2.6 (1.8-3.4) 1.04 (0.65-1.66)
Race or ethnicity
White 1,960 (69.2) 51 2.6 (1.9-3.3) 1.00 (ref)
Black 648 (22.9) 16 2.4 (1.3-3.7) 0.95 (0.53-1.67)
Asian 63 (2.2) 3 4.7 (-0.6 t0 10.2) 1.87 (0.56-6.166)
Hispanic 30 (1.1) 0 0 .
Other or unknown 131 (4.6) 3 2.3(-0.3t04.9) 0.88 (0.27-2.87)
Indication for CT
Neoplasms® 1,113 (39.3) 26 2.3(1.4-3.2) 1.00 (ref)
Digestive systemd 333 (11.8) 9 2.7(0.9-4.4) 1.16 (0.53-2.5)
Genitourinary systeme 249 (8.8) 10 4.0(1.5-6.4) 1.74 (0.83-3.67)
Circulatory systemf 187 (6.6) 8 4.0 (1.5-6.5) 1.86 (0.83-4.19)
Other9 950 (33.5) 20 2.1 (1.1-3.0) 0.90 (0.49-1.62)

Note—Dash indicates not applicable; ref indicates reference category.
a . .. .
Univariate analysis.
b .
Oldest patient was 95 years old.
c . .
Adrenal adenoma, renal cell carcinoma, hemangioma, lung nodules, other.
Cirrhosis, hepatitis, hernias, irritable bowel disease, other.
e .
Renal cyst, unspecified renal mass, other.

f . . .
Abdominal aortic aneurysm, deep venous thrombosis, other.

gAbnormal laboratory and clinical findings or pain (515), infectious disease (164), donor workup (91), and other (180).
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TABLE 2
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Model No. Odds Ratio (95% CI)
Model 1
Age (y)
40-49 1.0 (ref)
50-59 1.15 (0.42-3.13)
60-69 2.14 (0.84-5.45)
70-79 3.24 (1.30-8.10)
80-89 7.13 (2.73-18.63)
Ethnicity
White 1.0 (ref)
Black 1.02 (0.57-1.82)
Asian 3.69 (1.06-12.78)
Hispanic —

Other or unknown
Model 2
Age
For each increasing year
Ethnicity
White, black, Hispanic, other

Asian

1.13 (0.34-3.71)

1.06 (1.04-1.08)

1.0 (ref)
3.57 (1.05-12.13)

Note—Dash indicates not applicable; ref indicates reference category.
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TABLE 4
Size of Cysts
Mean Size of Largest Cyst p of Difference Between
Parameter Patients with Cyst (mm) (Range) Means
Total 73 8.9 (2-38) —
Age (y)
20-39 0 — —
40-49 6 7.0 (2-21) (ref)
50-59 1 9.1 (4.7-28) 0.496
60-69 18 8.4 (3-18) 0.626
70-79 22 7.3 (2-24) 0.924
80-89 16 12.3 (3-38) 0.078
2902 0 -
Sex
Female 35 7.0 (2-18) (ref)
Male 38 10.6 (2-38) 0.014
Race or ethnicity
White 51 9.2 (2-38) (ref)
Black 16 9.3 (3-21) 0.971
Asian 3 5.9 (3-10) 0.384
Other or unknown 3 5.7 (4-7) 0.356

Note—Dash indicates not applicable; ref indicates reference category.

aOIdest patient was 95 years old.
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