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Abstract

Endoscopic ultrasound (EUS) has become a well accepted
test for the diagnosis of chronic pancreatitis. Advantages
include its ability to detect subtle and severe changes
of the pancreatic duct and parenchyma, and its relative
safety compared with endoscopic retrograde cholangio-
pancreatography. Limitations include inter- and intra-
observer variability, operator dependence, and an incom-
plete understanding of its true accuracy. The Rosemont
classification has recently been proposed as a weighted,
standardized method that may improve EUS chronic
pancreatitis scoring. This paper reviews the published evi-
dence regarding the accuracy of EUS in chronic pancreati-
tis diagnosis, and enumerates the emerging technologies
that have been recently studied which may ultimately
improve endosonographic imaging of the pancreas.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Endoscopic ultrasound (EUS) has been used for the diag-

nosis of chronic pancreatitis (CP) for over two decades.
Its primary attribute is its ability to detect mild parenchy-
mal and ductal abnormalities not seen with computed to-
mography (CT) scans. EUS is of most use in patients with
abdominal pain of suspected pancreatic origin and non-
diagnostic cross-sectional imaging. In a report entitled
“Minimal change chronic pancreatitis”, Walsh described
16 patients with typical pancreatic pain and negative or
equivocal CT and endoscopic retrograde cholangiopancre-
atography (ERCP) images'!. All patients underwent pan-
creatic resection due to a strong suspicion of CP. Fifteen
of the 16 patients had definite histological features of CP,
including periductal fibrosis, duct dilation, intralobular
inflammation, and atrophy. The histological features were
often subtle and mild, out of proportion to the severity of
pain. Had EUS been widely available, it might have been
used to verify the presence of parenchymal and ductal ab-
normalities of CP prior to resection. This review focuses
on the role of EUS in the diagnosis of CP, including its
accuracy, strengths, and limitations. An update on emerg-
ing techniques to augment endosonographic diagnosis is
also presented.

THE NORMAL PANCREAS

The normal endosonographic appearance of the pan-
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Ventral

Figure 1 The normal endosonographic appearance of the pancreas. A: View of pancreatic body from gastric station. The parenchyma is homogeneous and
granular (“salt and pepper”). The duct is neither dilated nor ectatic; B: Dorsal ventral anlage. The ventral pancreas is relatively echogenic compared with the dorsal

pancreas. There is a distinct border between the dorsal and ventral pancreas.

creas has been characterized in three studies of healthy
volunteers”” and patients undergoing EUS for non-
pancreatic indications™". The normal pancreatic paren-
chyma is homogenous and granular (“salt and pepper
echotexture”), and echogenic relative to the liver paren-
chyma (Figure 1A). The border of the gland is smooth.
The main pancreatic duct is also smooth in contour and
tapers from the head to the tail. In one study, the upper
limit of normal for duct diameter was 3.6 mm in the
head, 3.0 mm in the body, and 2.0 mm in the tail”. The
main pancreatic duct wall is not easily visible, and side-
branches are difficult to visualize or narrow in caliber
(< 1.0 mm). A ventral anlage is found in one-half of
patients (Figure 1B). This is a relative echogenicity of the
dorsal compared with the ventral pancreas.

CP CRITERIA

The endosonographic features that have been used for CP
diagnosis have evolved since the inception of EUS. In the
seminal studies of Dancygier ¢# a/” and Lees", a number
of parenchymal and ductal features were characterized
(Table 1). At that time, EUS diagnosis was qualitative and
focused on the global separation of benign from malig-
nant pancreatic diseases'. Subsequent studies codified
these features into numbered scoring systems™™. The
most common scoring system includes 5 ductal and 4
parenchymal features (Figures 2 and 3)". The criteria are
counted and compared against a cutpoint. Typical cut-
points range from 3 (maximizing sensitivity) to 5 (maxi-
mizing specificity).

A frequent criticism of standard scoring is that each
criterion is counted equally, even though some criteria
have more diagnostic importance than others. In April
2007, thirty-two international experts met in Rosemont
Illinois, USA to create a consensus-based scoring sys-
tem'”. The Rosemont classification includes strictly de-
fined major and minor criteria, and a four-level diagnostic
stratification (Table 1). Although this new scoring system
may help standardize the EUS diagnosis of CP, it requires
further validation in multicenter studies.
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TECHNICAL ASPECTS

A complete EUS examination to evaluate CP includes
a careful inventory of all major and minor criteria. The
body and tail is viewed from the gastric station, where
the interpretation of CP criteria is consider most reli-
able. It is good practice to photograph, digitally an-
notate, count, and measure all identified features based
on the Rosemont definitions. The main pancreatic duct
should be carefully traced to ascertain the presence of
= 3 visible side-branches and echogenic wall. The duct
diameter should be measured at the genu (in view of
the portosplenic confluence) and in the pancreatic tail
(in view of the splenic hilum). A 10-s video clip of the
body and tail provides a useful frame of reference for
future examinations. The scope should be advanced to
the duodenum for a careful inspection of the head and
uncinate process. Examination of the head detects cysts
and main duct calculi (the only criteria properly detected
in the head) and rules out biliary pathology, solid masses,
and pancreas divisum.

Most validation studies have used mechanical radial
scopes for CP diagnosis. However, most current endo-
sonographers prefer linear scopes to examine the pancre-
as due to higher resolution, color flow Doppler capability,
and capability for tissue sampling and celiac plexus block-
ade. In a blinded study, we found radial EUS to be non-
inferior to linear EUS for CP diagnosis[lo]. Newer elec-
tronic radial scopes have similar resolution and the same
Doppler capability as older generation linear scopes.

TEST PERFORMANCE

The ideal study of EUS accuracy might include 1000
consecutive patients with non-diagnostic CT scans from
multiple centers undergoing total pancreatectomy for
suspected CP. Each patient would undergo a preopera-
tive EUS examination and blinded histological analysis of
the resection specimen. Of course, this study is unlikely
to ever be performed. Even if it were carried out, some
would quibble with the significance of mild or patchy fi-
brosis on the histological specimen!
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Lees™ (1986) Wiersema Sahai er a/®  Catalano er 2/’ (2009)' Histological
eral™ (1993) (1998) correlation
Number of Qualitative 11 9 3 major; 6 minor
criteria
Parenchymal X Reduced X X
echogenic foci
Heterogeneity
Strongly echogenic  Echogenic foci Hyperechoic ~ Hyperechoic foci without shadowing (minor). Echogenic Focal fibrosis
foci (>3 mm) foci structures = 2 mm in length and width with no shadowing
Hyperechoic foci with shadowing (major A). Echogenic Calcifications in
structures = 2 mm in length and width that shadow side-branches
Echogenic bands X Hyperechoic  Stranding (minor). Hyperechoic lines of = 3 mm in length in at  Fibrotic bands
strands least 2 different directions with respect to the imaged plane
Cavities Cysts (>3 mm) Cysts Cysts (minor). Anechoic, rounded/ elliptical structures with or ~ Pseudocysts
without septations
Accentuation of Accentuation of Parenchymal Lobularity with honeycombing (major B). Well-circumscribed, =~ Edema

lobular architecture lobular pattern lobularity

= 5 mm structures with enhancing rim and relatively echo-poor separated by
center, with = 3 contiguous lobules

fibrotic bands

Lobularity without honeycombing (minor). Well-circumscribed,
= 5 mm structures with enhancing rim and relatively echo-poor
center, with noncontiguous lobules

Enlargement X X X
Duct X Narrowing X X

Increase in caliber  Dilation MPD dilation

Irregularity of the  Irregular

lumen contour margins

Increase echogenicity Duct wall Hyperechoic

of duct wall echogenicity =~ MPD margins

Intraluminal echoes  Calculi Shadowing

calcifications
Visualization of side Side-branch Visible side-
branches dilation branches
MPD

Strictures with X X X

dilation

Main or branch duct X X X

disruptions with cyst

MPD dilation (minor). = 3.5 mm in body or > 1.5 mm in tail

MPD calculi (major A). Echogenic structures within MPD with
acoustic shadowing

Dilated side branches (minor). 3 or more tubular anechoic
structures each measuring = 1 mm in width, budding from the

Obstructed duct

Irregular MPD  Irregular MPD contour (minor). Uneven or irregular outline and Ductal fibrosis
ectatic course

and strictures

Hyperechoic MPD margin (minor). Echogenic, distinct structure Periductal
greater than 50% of entire MPD in the body and tail

fibrosis
Calcifications in
the main duct
Side-branch
ectasia

'Rosemont diagnostic stratification: Normal: < 3 minor features (excluding non-shadowing echogenic foci, visible side-branches, cysts, and MPD dilation)

and no major features. Indeterminate: 3 or 4 minor features and no major features, or major B feature alone with < 3 minor features. Suggestive: 1 major

A feature and < 3 minor features, or 1 major B feature and = 3 minor features, or = 5 minor features. Most consistent: 1 major A feature and = 3 minor
features, or 1 major A feature and major B feature, or 2 major A features. MPD: Main pancreatic duct.

To estimate the test performance of EUS, we must
interpret cross-sectional studies with flawed reference
standards (e.g. ERCP or functional testing), small histo-
logical comparisons with significant selection, spectrum,
or sampling biases, and post-EUS observational studies
with insufficient follow-up time (Table 2). Sadly, the actual
sensitivity and specificity of EUS for diagnosing CP may
never be known.

ERCP

The earlier studies compared EUS with ERCP, since
ERCP was the defacto radiographic reference standard
and considered ethical at the time for diagnostic pur-
poses”™ ™, These studies included performance of both
EUS and ERCP in succession, and sometimes blinded in-
dependent interpretation of the EUS and ERCP images.
Combining 273 patients from the three ERCP studies
that used a cutpoint of = 3 EUS criteria, the sensitivity
is 87% and the specificity is 75%**", Limitations of the
ERCP reference standard include limited specificity (e.g;
in advancing age or following acute pancreatitis), frequent

1494

&?s:ﬁmg"‘ WJG | www.wjgnet.com

2843

inadequacy of the pancreatogram to interpret small duct
changes, and inability to assess the parenchyma“zl.

Pancreatic function testing

We might expect high accuracy for EUS in these ERCP
comparison studies since one structural test is being com-
pared to another. The compatison of EUS with a pancre-
atic function test (PFT) reference standard is based on the
rationale that impaired exocrine function is a sensitive su-
rogate for early fibrosis. An unadjusted pooling of the 255
patients in the secretin PFT studies reveals a sensitivity of
72% and specificity of 74%"***' noticeably lower than
ERCP studies. A shortcoming of these studies is substan-
tial methodological variation in secretin- and CCK-based
PFT protocols. Also, acinar-cell and duct-cell exocrine
nsufficiency do not perfectly correlate with histological fi-
brosis. A subset of patients even with advanced structural
changes has preserved exocrine function"”.

Histology

Histological comparison may be the “Holy Grail” for
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Figure 2 Examples of endoscopic ultrasound (EUS) chronic pancreatitis (CP) criteria. A: Hyperechoic duct wall (arrow); B: Cyst (arrow); C: Hyperechoic strands
(arrows); D: Visible side-branch (arrow); E: Dilated and irregular main pancreatic duct with visible side-branches (arrow); F: Hyperechoic foci (arrows).

studying diagnostic tests for CP. There have been four
studies compating EUS with histology, two of which are
published in abstract form only"*?!|, Varadarajulu evaluated
42 patients who underwent preoperative EUS within 2 mo
of a partial or complete pancreatic resection'”. Based on
an ROC curve analysis, = 4 criteria optimized sensitiv-
ity (91%) and specificity (86%) of EUS. There was a very
good correlation of the histological fibrosis score with the
EUS score (= 0.85, P < 0.0001). A strength of this study
was the predominance of mild fibrosis which minimizes
spectrum bias. Also, half the patients did not have histo-
logical fibrosis allowing a reasonable estimation of speci-
ficity. A limitation was that most patients underwent resec-
tion for pancreatic cancer, making it difficult to extrapolate
the results to the typical patient with abdominal pain.
Chong et @/ reported a larger study in 71 patients
with abdominal pain and suspected CP who underwent
resection or open biopsy. This study had a substantial
proportion of patients with calcific CP. Sixteen of the pa-
tients had calcifications on CT; an additional 14 patients
had small calcifications detected by EUS. In the 41 pa-
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tients without calcifications (minimal change group), = 3
EUS critetia had 83% sensitivity (95% CI: 67%-94%) and
80% (95% CI: 28%-99%) specificity for the diagnosis of
CP. The wide confidence limits surrounding the specific-
ity estimate are due to only 5 patients without fibrosis.
These studies are quite helpful in providing histologi-
cal correlations to validate individual EUS criteria and
EUS scoring. One potential limitation of these studies
is selection bias since only patients undergoing surgery
were included. The increasing performance of total pan-
createctomy with autologus islet cell transplant (IP/AIT)
for earlier stages of CP may allow future multicenter his-
tological studies in patients with milder fibrosis"”

Long-term follow-up

Long-term follow-up may be a useful reference standard.
Patients with normal and abnormal EUS can be observed
to see whether obvious disease progtression develops on
subsequent imaging tests. This approach may shed light on
the predictive value of minimal or mild EUS features. Kahl
et al”™ followed 32 alcoholic patients with normal baseline
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Figure 3 Examples of EUS CP criteria. A: Dilated main pancreatic duct (arrow); B: Parenchymal calcifications (arrows); C: Main duct calcifications (arrows); D:

Lobules (arrows); E: Stranding (arrows); F: Irregular main pancreatic duct (arrow).

ERCP and abnormal EUS (= 1 criterion) for a median
observation time of 18 mo (range 6 to 25 mo). Duting the
follow-up period, ERCP was repeated in 22 patients, and
demonstrated either Cambridge Class [ (# = 12) or 1T (»
= 10) ductal changes. The authors concluded that mild
EUS changes had 100% sensitivity for CP, and predicted
the development of CP at an earlier stage than ERCP. The
conclusion of this study is based on subtle endpoints of
questionable specificity (Cambridge [ and I changes).
It is not clear whether there were meaningful differences
between the baseline and follow-up pancreatograms since
interpretation was not blinded. Calcifications and atrophy
may be mote convincing endpoints, but would require
longer follow-up. Natural history studies suggest that
calcifications may develop after more than 10 years from
symptom onset””. Also, Kahl ¢z a/™ considered EUS pos-
itive if only 1 criterion was present. This cutpoint is likely
to result in many false diagnoses. Finally, repeat ERCP was
not performed in all patients, which produces verification
bias and weakens the estimate of specificity.

Morris-Stiff ez a/*" identified 16 patients who under-
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went EUS for evaluation of CP after normal convention-
al imaging (CT or MRCP). Thirteen of the patients had
EUS changes of CP, and all 13 subsequently developed
“progression of disease” on subsequent conventional im-
aging. Neither the follow-up time nor the specific imaging
findings referenced as disease progression were reported
in this publication.

Hastier ez al” presented results that conflict with Kahl’s
and Morris-Stiff’s findings. In this study, 18 alcoholic cir-
rhotic patients with isolated parenchymal features identi-
fied by EUS and normal ERCP were followed. After a
mean duration of 22 mo, the EUS appearance was un-
changed in all patients. The subsequent repeat pancreato-
grams wete normal in all 10 patients who had a follow-up
ERCP. This study raises doubts over the significance of
the importance of minimal EUS features. Since follow-
up time was short, firm conclusions cannot be drawn.

In summary, the test performance of EUS can only
be estimated based on a vatiety of imperfect evidence.
In interpreting these studies, it is useful to calculate the
sensitivity and specificity estimates in the subset of pa-
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Study Gold standard Cut-point Overall test performance Minimal change CP test performance
Sensitivity Specificity Sensitivity Specificity
Buscail et al™ Composite None 89% (39/44) 100% (18/18) NR NR
Nattermann et al'¥ ERCP None 98% (50/51) 63% (27/43) 88% (7/8) 63% (27/43)
Wiersema et al”” ERCP =3 100% (19/19) 79% (38/48)  100% (18/18) 79% (38/48)
Catalano et al® ERCP =3 86% (31/36) 95% (42/44) 82% (22/27) 95% (42/44)
Sahai et al® ERCP =3 63% NR 68% NR NR NR
Hastier ef al™ ERCP None 93% (13/14) NR NR NR
Hollerbach et al®™ ERCP Grade 0-3 97% (30/31) 67% (4/6) 95% (20/21) 67% (4/6)
Wiersema et al® Secretin ID-PFT =3 67% (6/9) 29% (2/7) 67% (6/9) 29% (2/7)
Catalano et al* Secretin ID-PFT =3 84% (21/25) 78% (43/55) NR NR
Raimondo et al™ CCK PFT =>4 43% (3/7) 50% (4/8) NR NR
Chowdhury et al"* Secretin PFT =3 71% (5/7) 35% (5/14) 71% (5/7) 35% (5/14)
Stevens et al Secretin PFT =3 68% (34/50) 79% (30/38) NR NR
Stevens et al"®! Secretin PFT =>4 71% (17/24) 92% (24/26) NR NR
Stevens et al"’! CCK PFT =>4 63% (15/24) 85% (22/26) NR NR
Chong et al"” Histology =3 NR NR 83% (30/36) 80% (4/5)
Varadarajulu et al™ Histology =>4 91% (19/21) 86% (18/21) 91% (19/21) 86% (18/21)
Gupta et al™ Histology =3 71% (10/14) 100% (1/1) 71% (10/14) 100% (1/1)
Albashir et al™" Histology =>4 75% (12/16) NR NR NR
Bhutani et al*” Histology (Autopsy) =3 100% (10/10) 100% (1/1) 100% (10/10) 100% (1/1)
Kahl et al™ Baseline or repeat ERCP =1 100% (114/114) NR NR NR
Morris-Stiff et al™ Radiographic progression None 100% (13/13) NR 100% (13/13) NR

Calc: Calcification; CCK: Cholecystokinin; NR: Not reported or calculable; PFT: Pancreatic function test; ID-PFT: Intraductal pancreatic function test.

tients with non-calcific (minimal change) CP, where EUS
is of most clinical value (Table 2). At the present time,
we must take a “nihilistic” view of the diagnostic petfor-
mance of EUS accuracy and interpret the results with
cate in the context of the history and ancillary labora-
tory, imaging, and functional test results.

RELIABILITY

The major strengths of EUS are its ability to detect mild
structural abnormalities of the entire pancreas and its
safety relative to ERCP. Unfortunately, there are also sev-
eral caveats.

Questionable specificity

Minimal or mild parenchymal and ductal EUS features
may have poor specificity, resulting in the “overdiagnosis”
of CP. A number of clinical variables can lead to EUS
changes that mimic those in CP. Rajan performed a pro-
spective study of 120 patients undergoing EGD/EUS for
non-pancreatic indications”. At least 1 EUS CP criterion
was found in 38% of these non-alcoholic and asymp-
tomatic patients. Patients in the > 60 years age group had
a statistically insignificant trend toward more frequent
EUS abnormalities (39%) compared with those in the <
40 years (23%) and 40-60 years (25%) age groups (P =
0.13). Male gender was a statistically significant predictor
of an abnormal EUS (OR 2.9, 95% CI: 1.2-6.8).

In another study, 189 asymptomatic patients undergo-
ing EUS for non-pancreatic indications were administered
an alcohol questionnairem. EUS features were more
frequent in alcoholic patients (70%) compared with non-
alcoholic patients (31%) (P < 0.001), suggesting the EUS
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changes may be present in alcohol drinkers who lack
symptoms of CP. In a much larger study (# = 1157), heavy
ethanol intake (OR 5.1, 95% CI: 3.1-8.5), male sex (OR 1.8,
95% CI: 1.3-2.6), clinical suspicion of pancreatic disease
(OR 1.7, 95% CI: 1.2-2.3), and heavy smoking (OR 1.7,
95% CI: 1.2-2.4) were each independent predictors of se-
vere EUS changesm].

A fatty pancreas causes hyperechogenicity of the pa-
renchyma that can imitate the echogenic changes of CP.
In a logistic regression analysis, obesity, fatty liver disease,
and alcohol intake were independent predictors of fatty
infiltration of the pancreasm]. Another study showed a
high rate of EUS abnormalities in patients with dyspepsia
(and low suspicion of pancreatic disease) compared with
controls™, This may indicate that mild CP is a more com-
mon etiology of dyspepsia than previously thought. Other
plausible explanations include tertiary referral bias and
information bias, since the endoscopist was aware of the
clinical history during the EUS examination”". Tn sum-
mary, age, gender, smoking, alcohol use, and BMI may
influence EUS results. Future scoring systems may include
these clinical variables in addition to EUS features.

Interobserver variability

Interobserver variability pertains to differences in inter-
pretation of the same exam by multiple observers. In a
study by Wallace, 45 videotaped examinations were pri-
vately scored by 11 expert endosonographersm. The «
(agreement beyond chance) for global diagnosis was only
moderate (K = 0.45). Interobserver agreement was worse
(k < 0.40) for most individual criteria, except for lobu-
larity (k = 0.51) and main duct dilation (x = 0.61). Simi-
lar sub-optimal interobserver agreement was observed
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in a study of CP criteria in familial pancreatic cancer
kindreds (k < 0.40 for all CP criteria except cysts)™,

It was expected that the Rosemont classification might
improve interobserver agreement because it incorporates
more stringent definitions. In a recent study, 50 clips were
interpreted by 14 experts on two occasions, first with
standard scoring and then with Rosemont scoringm. The
interobserver agreement was slightly higher for Rosemont
scoring [k = 0.65 (95% CI: 0.52-0.77)] compared with
standard scoring [k = 0.54 (95% CI: 0.44-0.66)]; however,
the difference was not statistically significant (P = 0.12).

Intraobserver variability

Intraobserver variability relates to differences in scoring
of the same images from multiple interpretations by the
same observer. A single study has examined the intraob-
server vatiability of EUS CP criteria™. ‘Thirty still-frame
images were scored by the same observers on repeat oc-
casions over 6 wk. The intraobserver K for overall diag-
nosis of CP was 0.77, and ranged from 0.61 to 0.88 for
individual criteria. In other words, endosonographers have
reasonable (but not perfect) agreement with themselves
when interpreting the same image on multiple occasions.

Pretest probability

EUS is known as an operator dependent test. Even with
Rosemont scoring, there is inherent subjectivity in mea-
suting each critetion. Most endosonographers are aware
of the patient’s history as they are performing the exami-
nation, and may have already formed a “likelihood of dis-
ease” estimate in their mind. This pre-test probability may
influence the interpretation of EUS results. For example,
in a non-smoker with dyspepsia and no history of heavy
alcohol intake or acute pancreatitis, many endosonogra-
phers would ignore mild stranding and lobularity in fear
of mislabeling the patient. There are no available studies
characterizing the affect of pretest probability on EUS
interpretation.

ANCILLARY TECHNIQUES

Several supplementary techniques have been studied
which may complement standard EUS scoring in the di-
agnosis of CP.

Tissue sampling

Linear EUS allows tissue acquisition through fine needle
aspiration (FNA). Holletbach ¢ a/™ reported 27 patients
with suspicion of CP who underwent targeted fine-needle
aspiration of lobular or inflamed appearing areas of the
pancreas. An average of 2.3 passes was required to obtain
satisfactory tissue in all patients. The cytological find-
ings were graded O to 2 based on the severity of chronic
inflammation. The performance of FNA minimally in-
creased the specificity of EUS (67% with FNA, 60% with-
out FNA). Two patients developed mild acute pancreatitis
following the procedure. Based on this study, routine FINA
does not seem very useful given its minimal impact on test
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performance, potential for acute pancreatitis, and the lack
of a validated cytological grading system.

Obtaining a core biopsy may provide sufficient tis-
sue for a histological diagnosis. Dewitt performed EUS-
guided Trucut biopsy (TCB) of the pancreatic body in 16
patients with suspected non-focal Ccp. Only 1 patient
had CP based on the histological analysis; 8 had normal
pancreas; 6 had non-diagnostic findings; 1 had device
malfunction. Interestingly, all of the patients with normal
pancreatic histology had 3-5 features on EUS imaging,
Most of the patients with non-diagnostic histopathology
had severe (= 5) EUS featutes, with only connective tis-
sue apparent on the pathologic specimen. There were 2
hospitalizations for post-procedural abdominal pain and
pancreatitis. The authors concluded that EUS-T'CB was
not recommended based on low yield and risk of compli-
cations. However, a more favorable interpretation is that
TCB lowers the number of false positive EUS results.

Digital image analysis

Digital image analysis (DIA) limits operator dependence
by trading human interpretation for computerized pattern
recognition. The colors, distribution, and patterns of indi-
vidual pixels are algorithmically quantified within a speci-
fied region of interest. Irisawa ef al™ digitally quantified
the parenchymal echogenicity in CP patients and controls.
The mean parenchymal echogenicity was determined as
the amount of field area over a threshold level of echo-
genicity. The mean size above the threshold area was
significantly higher in CP patients compared to controls.
Also, echogenicity correlated with disease severity.

In another study, a sophisticated program was used to
compare images from patients with CP, pancreatic cancer,
and controls”™”. A total of 256 statistical parameters were
extracted from each region of interest and filtered into
a compact dataset of 11 textural parameters. These 11
variables were used to train and validate a neural network
model for interpretation of each image. The end model
was 100% accurate in classifying normal pancreas from
CP. Further refinement of existing software is required to
make DIA an easy and reliable method for real-time im-
age interpretation.

Spectrum analysis

B-mode ultrasound gray-scale images are derived from the
amplitude of reflected radiofrequency waves. Additional
information can be gained from the spectrum of hidden
back-scattered radiofrequency signals. This frequency in-
formation is typically ignored and not used to generate the
image. However, backscattering is related to the density
and sound speed of the tissue, and may represent a useful
parameter to quantify pancreatic fibrosis. In a pilot study,
statistically significant differences in spectral parameters
computed from the backscatter were observed between
normal pancreas and cp,

Elastography

A method to measure the “hardness” of tissue may be
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very applicable for early CP diagnosis. Tissue elastography
assesses tissue stiffness by measuring the response of the
tissue to mechanical compression. As the scope gently
compresses the tissue, less tissue displacement occurs with
hard relative to soft tissue. This displacement (or “strain”)
can be quantified, color coded, and superimposed over
the B-mode image.

There have been two initial reports of EUS elasto-
graphy for CP. Janssen compared the elastography images
in controls, patients with CP, and patients with pancreatic
masses'. A “honeycombed” elastography pattern was
apparent in most of the CP patients and patients with
pancreatic masses. Most of the controls lacked the hon-
eycombed appearance. These results suggest that elastog-
raphy is useful in separating normal pancreas from CP,
and less helpful in differentiating benign from malignant
masses.

Siftoiu ez al*” applied sophisticated image analysis to
the interpretation of EUS elastography. Mean hue histo-
grams were calculated for regions of interest from con-
trols, inflammatory masses, and malignant masses. Receiver
operating characteristics (ROC) analysis revealed that a
mean hue histogram cutpoint of 175 had 91.4% sensitiv-
ity and 89.9% specificity for diagnosis of benign from
malignant masses. Neural network analysis of the images
was employed to refine the diagnostic performance. After
training the neural network, accuracy was as high as 97%.

Although initial results with elastography and other
image analysis approaches are encouraging, many ques-
tions remain. Do these new techniques improve upon
standard EUS scoring? Are they easily applied in real time?
How much does operator dependence affect the results?
It is worth noting that many of these pilot studies have
not incorporated blinded interpretation of the images.

Contrast-enhanced EUS

Venous contrast agents may improve EUS resolution of
pancreatic tissue and help differentiate benign from malig-
nant masses. In one study, injection of the contrast agent
Albumex produced enhancement in 3 of 4 patients with
inflammatory masses 5 0 of 11 patients with pancreatic
cancer™. In a study of 86 patients with benign and ma-
lighant masses, contrast enhancement improved sensitiv-
ity from 73.2% to 91.1%, and specificity from 83.3% to
93.3%""". There are no published studies of contrast-
enhanced EUS for the diagnosis of early CP.

Endoscopic pancreatic function testing

Some experts suggest that both structural and functional
testing is needed to optimally diagnose early CcP™. Mild
exocrine insufficiency detected by direct pancreatic func-
tion tests is a surrogate marker for early fibrosis. Duo-
denal aspirates can be collected through the endoscope
following secretin stimulation, and analyzed for bicar-
bonate as a measure of duct-cell exoctine function. This
endoscopic pancreatic function test method (ePFT) has
shown equivalent bicarbonate concentration results as the
traditional “Dreiling tube” secretin pancreatic function
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test in a crossover study'™”. We have recently combined
EUS and ePFT in a single 50-min endoscopic session to
allow a simultaneous assessment of pancreatic structure
and function"**". Concordant normal results (< 4 EUS
criteria and peak bicarbonate concentration = 80 mmol/L)
rule out CP; concordant abnormal results (= 4 EUS cri-
teria and peak bicarbonate concentration < 80 mmol/L)
rule in CP. The greater diagnostic challenge arises when
the structural and function results are discordant. Long-
term observational studies are underway to clarify the rela-
tive importance of early structural and functional changes
in predicting early fibrosis. In the meantime, the EUS and
ePFT results should be interpreted in the context of the
patient’s symptoms and risk factors.

Secretin enhanced EUS

Secretin may also be used to “dynamically” image the pan-
creatic duct in patients with suspected CP. Catalano ez a/™
serially measured the pancreatic duct following secretin in-
jection in 40 patients evaluated for suspected CP. Secretin-
induced duct dilation was 80% sensitive and 96% specific
for detecting ductal obstruction (stones and strictures, and
also predicted response to minor papillotomy in patients
with pancreas divisum.

CONCLUSION

Endoscopic ultrasound is a useful and safe technique for
detecting pancreatic parenchymal and ductal abnormalities
suggestive of chronic pancreatitis. Even after many com-
parative studies, the accuracy of EUS for diagnosing early
chronic pancreatitis is poorly understood. In spite of this
and other limitations, many gastroenterologists consider
EUS the best available structural reference standard. It is
hoped that emerging ancillary technologies will further re-
fine the EUS diagnosis of chronic pancreatitis in coming
years.
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