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Abstract

Objectives: To prospectively assess the utility of trans-
abdominal ultrasound in surveillance of known pancre-
atic cystic lesions (PCL) using same day MRI as
reference standard.
Methods: In an IRB-approved study with written
informed consent, patients with known PCL underwent
pancreas US on same day as surveillance MRI. US was
performed blinded to same date MRI results. Transverse
(TR), antero-posterior (AP), cranio-caudal (CC), and
longest any plane diameter, were measured for each PCL
at US and MRI. Visualization was correlated with
patient (weight, abdominal diameter, thickness of
abdominal fat, sex) and cyst (location, size, internal
complexity) factors.
Results: 252 PCLs evaluated in 57 subjects (39 females;
mean age 67 (range 39–86) yrs). Mean maximum PCL
diameter 8.5 (range 2–92) mm. US identified 100% (5/5)
of cysts ‡3 cm; 92% (12/13) ‡2 and <3 cm; 78% (43/55)
‡1 and <2 cm; 35% (27/78) ‡5 mm and <1 cm; and
16% (16/101) <5 mm. US visualization correlated with
PCL location (<0.0001), size (p < 0.0001), patient
gender (p = 0.005), participation of attending radiolo-
gist (p = 0.03); inversely with patient weight
(p = 0.012) and AP abdominal diameter (p = 0.01).
Conclusion: Many PCLs are visualized and accurately
measured at follow-up with transabdominal ultrasound.

Visualization correlates with lesion size, location, patient
sex, weight, and abdominal diameter.
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Incidentally found pancreatic cystic lesions (PCLs) are
commonly encountered; the prevalence of pancreatic
cysts found on CT and MRI varies between 2.6% [1] to
19.6% [2]. The vast majority of incidentally found PCLs
represent small side branch intraductal papillary muci-
nous neoplasms (IPMN) with indolent behavior [3].
However, some IPMN lesions can progress to invasive
malignancy, sometimes after years of stability at obser-
vation, prompting recommendations of surveillance [2–
13, 27]. The current standard of practice is to follow
these cysts with MR imaging [14], but there are multiple
drawbacks of MRI as a primary modality for this pur-
pose: MR examinations are lengthy and can be uncom-
fortable for patients, particularly those with
claustrophobia; some patients may not have access to
MRI, or may not be able to undergo MRI due to con-
traindications. Furthermore, MR is a relatively costly
method. Despite the efforts of several expert panels and
clinical societies to develop guidelines [4, 5, 15–18, 27],
full consensus has not yet been achieved as to the
appropriate frequency of imaging surveillance of PCLS
as well as overall length of surveillance required [6, 19],
and at present, the cumulative imaging burden of pan-Correspondence to: Maryellen R. M. Sun; email: maryellensun@
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creatic cyst surveillance can be substantial both for pa-
tients and for health care systems [20]. For these reasons,
an alternative method of imaging follow-up for PCL
would be beneficial.

Ultrasound is a widely available and relatively low
cost imaging modality that does not expose patients to
ionizing radiation. It offers high contrast resolution for
fluid containing structures and as a result, is commonly
used in clinical practice for evaluation of cysts in other
organs (liver, kidney, ovaries), and has been used suc-
cessfully in the evaluation of features of pancreatic cystic
lesions [21]. The potential benefits of ultrasound for
follow-up of pancreatic cysts could include reduced cost,
easier access, and fewer limitations in patient participa-
tion such as those with MR restricted devices/hardware,
claustrophobia or MR scanner body size limitations.
However, it is acknowledged by practitioners of ultra-
sound that overlying bowel gas and reduced acoustic
penetration related to patient body habitus may result in
reduced visualization of portions of the gland. The
prevalence of pancreatic cysts at transabdominal ultra-
sound in the general population has been investigated
previously [22, 23]. However, to the best of our knowl-
edge, no prior studies have prospectively evaluated the
utility of transabdominal ultrasound as an alternative to
MRI in follow-up imaging of pancreatic cystic lesions.

The purpose of this study is to prospectively evaluate
the utility of targeted transabdominal ultrasound of the
pancreas for surveillance of PCLs known to exist from
prior MR imaging, using same day MRI as reference
standard.

Methods

Subjects

IRB approval was obtained for this HIPAA-compliant
prospective study. Prior to study initiation, a power
analysis was conducted with the assumption that the
detection rate for cysts on US would be 50%, which
indicated that 225 cases would be needed to achieve 0.85
power for a 95% confidence interval of ±10% width.
Patients scheduled for routine MRI follow-up of pan-
creatic cystic lesions from March 2014 through February
2015 were identified through departmental scheduling
records. Exclusion criteria included known pancreatic
malignancy, collections related to acute or chronic pan-
creatitis, post-operative status, pregnancy, non-English
language proficiency, inability to consent to research due
to need for sedation to facilitate MRI, and inability to
contact patient prior to MRI to offer participation.
Consecutive eligible patients were invited to participate
in the study. Those who agreed to participate were then
scheduled for ultrasound on the same date as their clin-
ical MR examination. Written informed consent was
obtained prior to all ultrasound examinations.

Study imaging protocol

Prior to the research ultrasound, the prior MRI exami-
nation prompting follow-up was reviewed by a radiolo-
gist co-investigator (either BT or CS, each with 1 year of
experience in abdominal imaging). A worksheet was
completed for each case which used a diagrammatic
format to indicate the number of PCLs, PCL size, gen-
eral morphology, and location of cysts within the pan-
creas on prior MRI (Fig. 1). The worksheet was
provided to the person performing the research ultra-
sound and used as reference during the ultrasound
examination. The ultrasound operator was also able to
view the prior MRI before beginning the US examina-
tion in order to simulate the conditions of a follow-up
examination. However, ultrasound examinations were
performed in a blinded fashion with respect to images
and reports of the same date MRI examination.

Ultrasound imaging was performed with standard
clinical ultrasound machines (IU22, Philips Healthcare,
Best, Netherlands (n = 36); Epiq, Philips Healthcare,
Best, Netherlands (n = 20), and Voluson, GE, Wauke-
sha, WI (n = 1). Initial scanning was performed with
curvilinear array 5-1 MHz transducers on IU-22 units,
and with C9-2 transducers on EPIQ units; additional
linear array (L9-3 and L12-5) and sector (S4-1) trans-
ducers, could be subsequently utilized per operator dis-
cretion. In IU-22 examinations, there were 4 instances of
additional transducer use, including linear array (L9-3,
n = 2 and L12-5, n = 1) and sector (S4-1, n = 1)
transducers, and in EPIQ examinations there was one
instance of additional use of a C5-1 transducer. The
single examination performed using a Voluson ultra-
sound machine utilized a 2–8 MHz curvilinear array
transducer. US unit selection was based upon the site of
service and availability of machines. In order to reflect

Fig. 1. Pancreatic cystic lesion (PCL) worksheet. Work-
sheets were created for each case in order to simulate as
closely as possible the follow-up conditions available in MRI
(where PCLs are directly compared with prior MR examina-
tions on PACS) for the US environment. PCL size on prior
MRI was provided and location and general morphology were
indicated by drawing on the diagram for each PCL.
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general practice, examinations were performed by avail-
able staff, inclusive of sonographers, advanced practice
sonographers (APS), radiology fellows, and radiologist
attending co-investigators (MS, with 7 years of experi-
ence in abdominal ultrasound, and RK, with 39 years of
experience in abdominal ultrasound). Order of scan
operator was determined according to general practice at
our institution, i.e., initial scanning was routinely per-
formed by the sonographer or APS with additional
scanning by radiology trainee and/or attending obtained
in cases in which lesions were not visualized at initial
imaging; in some cases, only a radiology fellow or
attending scanned the patient due to staff availability.
Ultrasound imaging included grayscale and color and/or
spectral Doppler images of the pancreas in transverse,
sagittal and oblique planes. Color Doppler images were
provided of all cysts to ensure that blood vessels were not
inadvertently mistaken for cysts. Measurements of all
visible cysts were obtained and recorded from transverse
and sagittal images in transverse (TR), antero-posterior
(AP), and cranio-caudal (CC) dimensions. In addition,
oblique images were obtained by angling the transducer
to obtain the longest diameter for each cyst in any
dimension. Examinations were performed initially in the
supine position and supplemented with position changes
(i.e. decubitus or seated upright positioning) as necessary
to displace bowel gas. If the pancreas remained partially
obscured following repositioning, patients were asked to
drink a small quantity (4–8 oz) of water and imaging was
repeated. Specific training in performance of pancreatic
US for study purposes was not provided. Duration of
research US examination was recorded as time interval
between time stamps on first image and last image.

MRI was performed for clinical purposes according
to standard department protocol for follow-up of pan-
creatic cystic lesions, at 1.5 T (GE, Waukesha, WI; Sie-
mens, Malvern, PA) or 3 T (GE, Waukesha, WI)
including the following sequences: 3 plane localizer,
coronal SSFSE /HASTE, axial SSFSE/HASTE, coronal
thick slab SSFSE/HASTE with 5 radially oriented pre-
scriptions, and respiratory-triggered coronal 3D MRCP
with maximum intensity projection reconstruction (se-
quence parameters listed in Appendix 1). No intravenous
contrast was administered according to departmental
protocol for follow-up of known pancreatic cystic le-
sions, but patients received oral preparation with 1.0 mL
gadobutrol (Bayer, Whippany, NJ) mixed with 50 mL
water 15 min prior to scanning.

Clinical data analysis

Patient gender, age, height, and weight were recorded;
patient weight was recorded for both the date of the re-
search US/MRI, as well as on the date of the prior MRI
prompting follow-up.

Image analysis

Image analysis was performed by two readers in con-
sensus (MS, with 7 years, and CS, with 1 year of expe-
rience in abdominal imaging) using PACS (GE,
Centricity, Boston, MA). For both the MRI examination
on the date of the research US as well as the prior MRI
examination, AP abdominal diameter, and AP thickness
of abdominal fat were measured using the axial SSFSE/
HASTE image obtained at the level of the splenic and
superior mesenteric vein confluence. Thickness of fat was
obtained by placing calipers on the subcutaneous fat
perpendicular to the abdominal wall at the midline using
the linea alba as reference. Abdominal diameter was
obtained by placing calipers from the anterior skin sur-
face at midline, to the intersection with a line drawn
across the most posterior skin surfaces of the back
(Fig. 2).

PCL measurements in TR, AP, and CC dimensions
and the longest diameter obtainable in any plane were
recorded for each PCL in the pancreas, for both US and
MRI. US dimensions were recorded from measurements
made at time of scanning, while MR measurements were
made on PACS in a separate session with consensus to
ensure same-cyst comparisons. In patients with numer-
ous PCLs, a maximum of 10 PCLs were measured.
Presence or absence of (pseudo)septations, defined as
thin linear features within a PCL (echogenic linear foci at
US; foci of linear hypointensity with respect to PCL fluid
contents at T2WI at MRI), presence or absence of

Fig. 2. Method of measurement of AP abdominal diameter
and thickness of subcutaneous fat. Measurements were
made at the level of the confluence of the SMV and splenic
vein. AP diameter was measured by placing a line across the
most posterior surface of the patient’s back, and measuring
along the length of a line drawn perpendicular to this to the
anterior skin surface at the midline. Subcutaneous fat thick-
ness was measured by drawing a line parallel to this from the
skin surface to the interface of subcutaneous fat and
abdominal muscle fascia (short line).
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internal vascularity (color signal at Doppler imaging at
US) and presence or absence of nodularity, defined as
rounded or irregular solid components within a PCL,
were recorded for each PCL.

Recommendation for change in management (defined
as recommendation for consideration of endoscopic
ultrasound (EUS) and/or surgical consultation, or rec-
ommendation for shortening follow-up interval for
imaging evaluation) was recorded from clinical MRI
report generated without knowledge of the US findings.
For cases in which change in management was recom-
mended by MRI, a determination was made as to whe-
ther the same recommendation would have been made
from the US findings using the following criteria: either
increase in size (defined as increase in maximum diameter
of the lesion of ‡10 mm or ‡50%), or new nodularity
within the PCL [24].

Statistical analysis

Descriptive statistics were calculated. Rate of PCL
visualization was calculated for cyst size on a per-cyst
basis according to 5 groups: cysts ‡3 cm; ‡2 and <3 cm;
‡1 and <2 cm; ‡5 mm and < 1 cm; and <5 mm. In
addition, rate of visualization of all cysts in the pancreas
on a per patient basis was calculated for the same 5
groups. MRI measurements were used as reference
standard for PCL size. Frequency of PCL visualization
at US was correlated with PCL location in the pancreas
(pancreatic head, neck, body, uncinate process, and tail).
Correlation of PCL visualization at US with patient
gender, cyst location, presence or absence of
(pseudo)septations, and US operator, were evaluated
using chi-square test. Correlations of PCL visualization
at US with patient age, PCL size, thickness of abdominal
subcutaneous fat, patient weight, abdominal AP diame-
ter, were assessed by rank sum test. Correlation coeffi-
cients were generated for interaction of patient weight,
BMI and AP abdominal diameter. Correlation of cyst
size and location as well as PCL size and presence of
(pseudo)septations, were assessed by Kruskal Wallis test,
along with correlation of PCL septations with PCL
location using chi-square test. Logistic regression pre-
dictive models were constructed using PCL size alone,
and using PCL size, patient AP abdominal diameter,
PCL location, and presence of (pseudo)septations; ROC
analyses were performed for each model. PCL location
was coded as an ordinal variable in the order of
increasing percentage of visualized cysts. In order to
determine whether patient body habitus factors, which
would be used to predict future suitability for US
surveillance in the 4-factor model, changed between the
prior and follow-up examinations, patient weight, AP
abdominal diameter, and thickness of fat measurements
obtained on the dates of prior MRI and follow-up MRI
were compared for each patient using t-test. The analysis

was performed using Matlab (Mathworks, Natick, MA).
The level of significance was set at a = 0.05.

Results

PCL and patients

252 PCL were evaluated in 57 patients [39 (68%) fe-
males, 18 (32%) males, mean age 67 ± 10 (range
39–86) years] (Fig. 3). The mean maximum cyst diam-
eter was 8.5 ± 9.0 mm (range 2–92 mm), median 6 mm,
IQR 3–11 mm. Median number of cysts per patient was
4 (IQR 2–6). Mean interval between prior MRI exam-
ination and follow-up US/MRI examinations was
15 ± 10 (range 3– 57) months. Average duration of
ultrasound examinations was 14.3 min (range 3–30
min).

Frequency of visualization of cysts and factors
that correlated with cyst visualization at US

PCL were identified at ultrasound in 100% (5/5) of cysts
‡3 cm; 92.3% (12/13) ‡2 and <3 cm; 78.2% (43/55) ‡1
and <2 cm; 34.6% (27/78) ‡5 mm and <1 cm; and
15.8% (16/101) <5 mm (Figs. 4, 5, 6). Percentage of
cysts visualized at US according to cyst features and
location are shown in Table 1.

There were significant correlations between PCL
visualization at US and maximum cyst size (p < 0.001),
patient weight (p = 0.012), and AP abdominal diameter
(p = 0.011). Patient gender was significantly correlated
with cyst visualization, with PCLs seen more commonly
in females (79/168; 47.0%) than males (24/84; 28.6%),
p = 0.005. PCLs with internal (pseudo)septations (35/
51; 68%) were more commonly visualized at US than
those without (pseudo)septations (68/201; 33.8%)
(p < 0.0001). No significant correlation was observed
between thickness of subcutaneous abdominal fat and
PCL visualization at ultrasound (p = 0.39) or between
patient age and PCL visualization (p = 0.35). The par-
ticipation of an attending radiologist in ultrasound
scanning was significantly correlated with PCL visual-
ization (p = 0.03).

Comparison of US size measurements with MR
size measurements

The maximum diameter at US was on average smaller
than the measured maximum diameter at MRI by a
mean of 0.7 mm (range -9 to +4 mm). Mean matched-
plane difference in cyst diameters between MRI and US
were 0.9, 1.6, and 1.4 mm for TR, AP, and CC mea-
surements, respectively. Under-measurement was slightly
more common than over-measurement for US: cysts
were under-measured by US in 46% and over-measured
in 31% of maximum diameter measurements, respec-
tively. Maximum diameter PCL measurements at US
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were within 1 mm of corresponding MR measurements
in 60/103 (58.3%), within 2 mm in 79/103 (76.7%), within
3 mm in 88/103 (85.4%), within 4 mm in 95/103 (92.2%),
and within 5 mm in 98/103 (95.1%).

Comparison of US feature analysis with MRI
feature analysis

On MRI, 51/252 (20.2%) of PCLs contained internal
(pseudo)septations and 2/252 (0.8%) PCL contained
internal nodularity. In the group of lesions with
(pseudo)septations at MRI that were visualized at US
(35/51), 97% (34/35) of the (pseudo)septations were
appreciated at US. In one case (1/103 total PCLs
visualized with US; 1.0%), US reported internal
(pseudo)septations which were not appreciable at
MRI. There were no findings of intracystic nodularity
at US. In one case, a calcification was demonstrated
within a cyst at US but was not visible at MRI; the
presence of the calcification was confirmed on a CT
examination performed for other purposes. Nodular-
ity was reported at MRI in two cases that are de-
scribed in more detail in the analysis of change in
management.

Correlations between PCL features and patient
features

There was a significant correlation between PCL location
and size (p < 0.0001), with cysts in the pancreatic tail
noted to be smaller in size, with average maximum
diameters of PCLs as follows: head, 12.4 ± 15.9 (range
2–92) mm; uncinate, 10.9 ± 7.2 mm (range 3–31) mm;
neck, 13.3 ± 8.2 (range 5–28) mm; body, 7.7 ± 5.4
(range 2–28) mm; tail, 5.5 ± 3.7 (range 2–18) mm. Sim-
ilarly, PCLs with and without internal (pseudo)septa-
tions differed in size, with septated cysts showing larger
maximum diameters: nonseptated cysts, mean diameter
5.9 ± 4.0 mm; septated cysts, mean diameter 18.7 ±

14.1 mm (p < 0.0001).
Patient factors related to body size were clustered,

with high correlation between AP abdominal diameter,
weight, and BMI. Correlation coefficients ranged from
0.87 to 0.88, reflecting a high degree of interaction, as
follows: weight and BMI, 0.88; weight and AP abdomi-
nal diameter, 0.87; BMI and abdominal diameter, 0.87.
In addition, a significant correlation between AP
abdominal diameter and patient gender was observed,
with mean AP diameter larger for males (248 ± 23 mm)
than for females (223 ± 41 mm) (p = 0.01).

Fig. 3. Patient flowchart.
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Proportion of patients with all PCLs visualized
by US

US was able to identify all PCLs in the pancreas in 13/57
(22.8%) of patients. All PCLs measuring ‡5 mm were
seen in 24/51 (47.1%) patients, ‡1 cm were seen in 32/42
(76.2%) patients, and all PCLs measuring ‡2 cm were
seen in 15/16 (93.8%) of patients.

Prediction of cyst visualization

AUC obtained using cyst size alone was 0.83, consistent
with good ability of the model to predict visualization of
PCL on US. The AUC obtained when using the four-
factor model factors (cyst size, cyst location, patient AP
diameter, and presence of internal (pseudo)septations)
was 0.88 (Fig. 7). There was a slight but statistically
significant decrease in all three measures of patient size in
our study group over time as follows: weight decreased

by 1.5 pounds (CI 0.57–2.37; p = 0.002); AP abdominal
diameter decreased by 2.6 mm (CI 0.63–4.5; p = 0.009),
and thickness of fat decreased by 0.9 mm (CI 0.54–1.33;
p < 0.005).

Change in PCL during follow-up interval

A change in recommendation from routine screening was
made at clinical MRI interpretation for 2/252 PCLs. In
one case, MRI reported new possible nodularity within a
PCL as well as change in maximum diameter from 14 to
20 mm, and recommended EUS. The maximum diameter
obtained at US measurement for this PCL was 19 mm
and no nodularity was appreciated at US; both US and
MRI also noted stable internal (pseudo)septations within
the lesion. Thus, US would not have resulted in identical
recommendations for alteration of surveillance routine in
this patient due to insufficient growth of <10 mm or

Fig. 4. A, B 83-year-old
woman with 3.1 cm
pancreatic cystic lesion at
US and MRI. Transverse
and sagittal gray scale US
images (A) and axial
HASTE MR image
(B) demonstrate a
pancreatic uncinate process
cystic lesion (arrows)
measuring 3.1 cm in
maximum diameter.
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Fig. 6. A, B 63-year-old man with 3 mm pancreatic cystic
lesion at US and MRI. Sagittal gray scale US image
(A) shows same pancreatic cystic lesion (arrow) and
adjacent pancreatic duct in cross section (PD, pancreatic

duct). Axial HASTE MR image (B) demonstrates the PCL
(arrow) measuring 3 mm in maximum diameter with adja-
cent pancreatic duct. PD, pancreatic duct; SV, splenic
vein.

Fig. 5. A, B 63-year-old
woman with 1.7 cm
pancreatic cystic lesion at
US and MRI. Transverse
(A) and sagittal (B) gray
scale US images and axial
SSFSE MR image
(C) demonstrate a
pancreatic head cyst with
internal (pseudo)septations
(arrows) measuring 1.7 cm
in maximum diameter.
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50% diameter, and lack of demonstrable nodularity.
Follow-up EUS showed no nodular component within
the PCL; cyst aspiration was nondiagnostic. Review of
the case at multidisciplinary pancreas tumor board

concluded that the PCL did not show specifically wor-
risome features and resulted in a recommendation to
return to surveillance imaging in 6 months. Following
that interval, the patient and surgeon elected to proceed
with pancreatic resection due to ongoing symptoms of
abdominal discomfort, anticipation of a prolonged
surveillance period, and preexisting pancreatic insuffi-
ciency reducing the additional morbidity of pancreatic
resection, with pathologic diagnosis of mucinous cystic
neoplasm with low grade dysplasia and no invasive car-
cinoma. In the second case, MR showed an area of new
nodularity or debris within a PCL. The PCL was not
seen at US (Fig. 8). Subsequent EUS-guided FNA was
nondiagnostic; the patient underwent resection with
pathologic diagnosis of combined main and side branch
duct type non-invasive IPMN with low to high grade
dysplasia with gastric/foveolar phenotype, and no evi-
dence of ductal adenocarcinoma.

A total of two new PCLs were seen at MRI in two
patients, measuring 3 and 7 mm, and located in the
pancreatic head and neck, respectively, without nodu-
larity or internal (pseudo)septations. Neither new PCL
was seen by US. In neither case did this finding result in a
recommendation for departure from routine surveillance
at MRI.

Discussion

In this study, we sought to determine the utility of tar-
geted transabdominal ultrasound of the pancreas for
surveillance of known PCLs. We found that the majority
of PCLs could be visualized with US, particularly those
‡1 cm in size: on a per-cyst basis, 82.2% of PCLs ‡1 cm
could be visualized with US, while all PCLs ‡1 cm in
diameter known to exist in the pancreas can be seen in
76.2% of patients, and all PCLs ‡2 cm are seen in 93.8%
of patients.

PCL visualization was strongly correlated with the
size of the cyst as well as cyst location within the pan-

Fig. 7. ROC analysis for predictive modeling of PCL visu-
alization at US. Predictive model utilizing PCL size alone is
plotted in blue and predictive model utilizing four PCL and
patient features (PCL size, abdominal AP diameter, PCL
location, and presence or absence of internal (pseudo)sep-
tations) is plotted in red. Outcome variable for both models is
whether the PCL will be visible at US. Utilizing the 4-feature
model (red ROC curve) for prediction of PCL visualization at
US, at prescribed sensitivities (i.e., percentage of all visible
cysts correctly predicted to be visible) of 80%, 85%, and 90%,
specificity (i.e., percentage of all non-visible cysts correctly
predicted to be non-visible) was 82%, 65%, and 42%,
respectively.

Table 1. Percentage of pancreatic cystic lesions (PCLs) visualized with respect to cyst size, location, and presence or absence of (pseudo)septation

PCL feature Number (percentage) of all PCLs Number (percentage) visualized at US p value

Size (maximum diameter, in cm) <0.0001
‡3 cm 5 (2.0%) 5 (100.0%)
‡2 and <3 cm 13 (5.2%) 12 (92.3%)
‡1 and <2 cm 55 (21.8%) 43 (78.2%)
‡5 mm and <1 cm 78 (31.0%) 27 (34.6%)
<5 mm 101 (40.1%) 16 (15.8%)

Location <0.0001
Uncinate 30 (11.9%) 14 (46.7%)
Head 51 (20.2%) 27 (52.9%)
Neck 12 (4.8%) 10 (83.3%)
Body 66 (26.2%) 35 (53.0%)
Tail 95 (37.7%) 17 (18.3%)

Presence of internal (pseudo)septations <0.0001
Septated 51 (20.2%) 35 (68.6%)
Nonseptated 201 (79.8%) 68 (33.8%)
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creas. Not surprisingly, larger PCLs were more likely to
be visualized with ultrasound, with visualization rates
varying from 100% for cysts ‡3 cm, to a low rate of
15.8% of cysts less than 5 mm in diameter.

PCL location also correlated with visualization at US,
with PCLs most frequently visualized when located in the
pancreatic neck (83%), followed by the pancreatic head
and body (53% in both cases). This distribution of cyst
visualization is similar to that reported in a recent study
of the prevalence of pancreatic cysts in the general
population as observed by ultrasound, in which cysts
were distributed in the pancreatic head (33.6%), uncinate
(10.7 %), corpus (47.3 %), and tail (5.4 %) [22]. These
findings are understandable in the context of general
ultrasound practice, since the best visualized portions of
the pancreas are often caudal to the costal margin,
allowing direct transducer pressure to displace interposed
gas. That cysts located in the pancreatic tail were least
likely to be visualized (18%) is also in keeping with
previously published literature [25]. This can also be ex-
plained in part by anatomic constraints, as the pancreatic
tail typically resides posterior to the gastric body and
transverse colon (reducing acoustic access), and above
the costal margin (reducing accessibility to transducer
pressure). Indeed, Sumi et al. used Global Positioning
System (GPS)-like fusion technology to show that the
mean real unobservable portion of the pancreas, corre-
sponding to the portion of the pancreatic tail not
accessible by ultrasound, resulted in approximately 25%
of the pancreas not being visualized [25]. However, re-
duced cyst visualization in the pancreatic tail as we have
noted in our series is likely multifactorial, since we also

observed that pancreatic tail cysts were smaller in size
than those occurring in other portions of the pancreas.
Thus, both anatomic factors and size criteria may have
contributed to reduced visualization of cysts in the tail of
the pancreas. The fact that a slight preponderance of
PCL were located in the tail of the pancreas in our series
makes this an important area for targeted inspection.

Patient size criteria, including AP abdominal diame-
ter, weight, and BMI, as well as patient gender, corre-
lated with PCL visualization at US. All three measures of
patient size showed high correlation with each other,
suggesting that any one measure may be used for pre-
dictive purposes for cyst visualization. That cysts were
seen more frequently in females than in males may be
attributed in part to the statistically larger abdominal
diameter of males in our study. Other factors that could
be hypothesized as potential contributing features might
include differences in abdominal wall compliance or
proportion of abdominal fat between the sexes, although
these were not specifically evaluated in this study. Sumi
et al., in contrast to our results, found no difference
between males and females in either length of the
unobservable length of the pancreas or ratio of unob-
servable length to total pancreatic length [25]. However,
in their study, no difference was found in abdominal
circumference between genders and thus differences in
patient population could relate to this difference in re-
sult. The thickness of the abdominal subcutaneous fat
was not found to correlate with cyst visualization, sug-
gesting that this will not serve as a helpful predictor of
patient suitability for US. In our study, patients’ weight
and body habitus indicators changed only slightly be-

Fig. 8. A,B 63-year-old female with 2.4 cm known pancreatic
cystic lesion not seen at US. Transverse T2W HASTE image
(A) shows the 2.4 cmuncinate process PCL (arrow) with a small
dependent nodule. Transverse and sagittal US images (B) show

a separate PCL in the pancreatic neck also known to exist from
priorMRI (longarrows), but theareaof the known largeruncinate
process PCL (asterisk) is obscured by bowel gas (short arrows)
and cannot be assessed. SMV, superior mesenteric vein.
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tween prior (prompting) MR or CT and the follow-up
examination. Thus a practice of predicting suitability for
US on the basis of an initial prompting study at the time
of cyst discovery would be supported as appropriate by
our data.

PCL measurements at US were highly accurate in
comparison with measurements at MRI, with mean dif-
ference in maximum diameter measurement of 0.7 mm.
The slight tendency of US to underestimate cyst diameter
may potentially be explained by differences in cyst
depiction across modalities: at US, the anechoic lumen of
the cyst is measured and the outer cyst wall is often
imperceptible, while MRI measurements typically in-
clude the wall of the PCL. An additional factor which
could contribute to differences in measurement is the
known variability in PCL measurement between indi-
viduals [26], which relates to the irregular shape of many
PCLs. Development of a program of PCL surveillance at
a particular practice environment should include educa-
tion of interpreting radiologists and sonographers as to
consistent methods of caliper placement to ensure
appropriate inter-study comparisons.

In our study, in 23% of patients, all cysts in the
pancreas were visualized with US. If confirmed in future
practice, this would suggest that nearly a quarter of pa-
tients should be able to undergo US surveillance of
known PCLs as a replacement for MRI evaluation for at
least a portion of their surveillance routine. Such patients
could be identified through the use of predictive models
and ultrasound attempted. If any known cysts were not
visualized, MR could then be performed for subsequent
examinations.

A less conservative proposal for the potential role of
US hinges upon our observations that the PCLs not seen
by US were most commonly small, measuring <1 cm in
diameter. Indeed, when analyzing ultrasound’s perfor-
mance on a per patient basis, US was able to visualize all
cysts measuring ‡1 cm in diameter in 76.2% of patients,
and visualized all PCLs ‡2 cm in diameter in 93.8% of
patients. Furthermore, we have shown that the success of
US can be predicted using cyst and patient factors, which
suggests that the performance of US would be further
improved if applied in a more targeted fashion to suit-
able patients according to the results of predictive
modeling. The difference in performance of US for PCLs
according to size is important because some current
consensus recommendations utilize PCL size, in patients
without other worrisome features (i.e. pancreatitis,
thickened enhancing PCL walls, nonenhancing mural
nodule, main pancreatic duct dilation, or duct cutoff
with gland atrophy), to determine appropriate surveil-
lance regimen [4]. According to the Fukuoko criteria of
2012, PCLs of <1 cm in diameter meeting these criteria
may be safely followed up at intervals of 2–3 years [4]. If
such an approach is widely adopted, then the reduced
visualization of subcentimeter cysts at US may not rep-

resent a contraindication to intermittent US surveillance,
if MR is performed at suitable intervals to allow inter-
mittent reassessment of these smaller PCLs. Though not
the focus of our study, future research may expand upon
this question by investigating whether lack of visualiza-
tion of a PCL known to be small previously, is predictive
of a lack of adverse change in that PCL. It is important
to note that lack of visualization of a known cyst of 1 cm
or greater would still serve as an indicator of failure of
US to achieve adequate surveillance, and should prompt
a return to MR surveillance under this model. This is
exemplified by the patient observed in our study in whom
a known cyst which was ultimately managed with
resection, could not be seen due to poor visualization of
the pancreas with US. It is also noted that the recently-
published Whitepaper of the ACR Committee on Inci-
dental Findings regarding pancreatic cysts, differs from
the Fukuoko criteria in recommending follow up of cysts
<1.5 cm in diameter for 5 years, with specific recom-
mendations depending on patient age [27]. However, this
document also suggests that <5 mm (‘‘white dot’’) cysts
can be managed with a single follow up at 2 years, and
that such lesions may not be reported by some radiolo-
gists in patients 75–80 years or older. The role of US in
surveillance will need to be placed in context with
evolving recommendations and guidelines as knowledge
accumulates regarding the natural history and manage-
ment of pancreatic cystic lesions.

The possibility of development of new PCLs in the
interval since prior MRI, is a separate consideration of
interest. In our study, we noted that two cysts that were
new in the interval were not detected with US. This is
potentially explainable by the study design, as US
operators were instructed specifically to follow known
PCLs and not to evaluate the pancreas for new devel-
opment of PCLs. Neither new cyst resulted in a change in
management in clinical MR reports and thus the ultimate
recommendation of the clinical MR examination and
that which would have been provided following the re-
search US examination, would not have differed in these
cases. Nevertheless, the clinical importance of new PCLs
developing during a follow-up interval and the perfor-
mance of US for detecting such new lesions, or potential
need for intermittent MRI to capture lesions developing
in these intervals, are questions that may be addressed in
future research.

Although more data are needed for a full under-
standing of the association, it has been reported that
PCLs themselves may serve as biomarkers for an in-
creased risk of pancreatic malignancy, with associations
observed between PCLs and development of solid pan-
creatic masses elsewhere in the pancreas [28–32]. Further
understanding of the importance of this association has
the potential to change the nature of surveillance pro-
grams for patients with PCLs in general. The utility of
US for detection of early solid pancreatic malignancies
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developing separately from existing PCLs was not the
focus of this study and can be investigated in future
work.

The presence of an attending radiologist showed sig-
nificant correlation with cyst visualization in our study,
which likely reflects greater familiarity with pancreatic
anatomy as well as the ability to interpret the preceding
MR examination. The focused nature of the examination
as well as unfamiliarity with the anatomic details of the
pancreas may render pancreas US difficult for some
sonographers, and all staff performing pancreas sonog-
raphy may benefit from initial training by attending
sonologists during the initial phase of a pancreas ultra-
sound surveillance program. In addition, future direc-
tions may include the use of GPS-like image fusion
technology to aid in appropriate localization of PCLs, as
has been employed previously in pancreatic ultrasound
[25, 33]. In such a strategy, prior MR imaging could be
used as a map for PCL location, which could theoreti-
cally decrease the impact of unfamiliarity with anatomic
landmarks for less experienced operators.

The limitations of this study include its sample size;
future research can expand upon the results of this pilot
data to further evaluate the utility of US surveillance of
pancreatic cysts in a larger population of patients. It is
acknowledged that the all-operators design of our study
may have resulted in a lower success rate of ultrasound in
visualizing PCLs than could be achievable using only
expert operators. However, this study design was pur-
sued intentionally in order to ensure applicability of our
results to general practice, in which US operators of
various levels of experience may participate in these
examinations. Having observed these results, we suggest
that in order to achieve best performance in future
clinical practice or research investigations, it may be
prudent to include the involvement of an attending
radiologist or expert advanced practice sonographer.
Our study is not supported by correlation with a histo-
logic reference standard in the vast majority of cases,
since surgery and/or biopsy were generally not indicated
in this surveillance population. The frequency with which
US operators viewed the prior MRI prior to scanning
was not recorded, although the use of the PCL work-
sheet, intended to serve as a portable method of bringing
prior MR information into the US scan room, was uni-
versal. Another area of future study could incorporate
the use of contrast-enhanced US (CEUS) since CEUS
has been shown to further enhance the ability to US to
characterize internal architecture of pancreatic cystic le-
sions [34] and to improve the US diagnosis of pancreatic
lesions in general [35, 36].

In conclusion, targeted ultrasound of the pancreas
performed for evaluation of known PCLs allows visual-

ization and accurate measurement of the majority of
PCLs, including 82.2% of PCLs ‡1 cm; visualization
correlates strongly with PCL size, location, patient sex,
weight, and abdominal diameter. The mean difference in
maximum diameter measurements obtained by US with
measurements obtained from same date MR examina-
tions was less than 1 mm. Involvement of attending
radiologist correlates with increased likelihood of PCL
visualization. Our findings suggest that US may be
considered an adjunct to MR surveillance of PCLs, and
may be used in alternation with MRI for appropriately
selected patients. Future research should include inves-
tigations into the utility of US for detection of new PCLs
or pancreatic masses developing separately from known
PCLs.
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Appendix 1

See Fig. 9.

IU-22, Philips 
Healthcare, Best, 

Netherlands  (n=36)

C5-1 transducer 
only (n=32)

C5-1 and 
supplemental 

transducer use: 
S4-1 transducer 

(n=1)
L9-3 (n=2)

L12-5 (n=1)

Epiq, Philips Healthcare, 
Best, Netherlands  

(n=20)

C9-2 transducer 
only (n=19)

C9-2 and 
supplemental 

transducer use: 
C5-1 transducer 

(n=1)

Voluson, GE, Waukesha, 
WI (n=1)

2-8 MHz 
curvilinear array 
transducer only 

(n=1)

Fig. 9. US machines and transducers used. Initial scanning
was performed with curvilinear array 5-1 MHz transducers on
IU-22 units, and with C9-2 transducers on EPIQ units; addi-
tional linear array (L9-3 and L12-5) and sector (S4-1) trans-
ducers, could be subsequently utilized per operator
discretion. US unit selection was based upon the site of ser-
vice and availability of machines.
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Appendix 2

See Table 2.
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