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Abstract

Background and Aim: Endoscopic ultrasonography (EUS) is a well-established and
less-invasive modality for chronic pancreatitis (CP) diagnosis. Recently, the Rosemont
classification was developed for EUS diagnosis of chronic pancreatitis. Although the
Rosemont classification was developed to improve the early diagnosis for CP, it is more
complicated than the traditional scoring system. Aims of the study were to compare our
new convenient EUS criteria and Rosemont classification in early CP having mild
changes, and to evaluate whether the new one can work or not.

Methods: This study examined 177 consecutive patients who had undergone both EUS
and endoscopic retrograde pancreatography (ERP) within 2 months, excluding patients
with either pancreatic tumor or lower biliary ductal cancer. Clinical symptoms included
patients with and without abdominal or back pain. The obtained EUS images were
classified retrospectively according to the Rosemont criteria and our new modified
criteria based on the traditional criteria. The latter one was added a criterion,
fine-reticular pattern (F-RP) as a normal pancreatic parenchyma, to the modified
traditional criteria. The ERPs were evaluated using the Cambridge classification.
Results: Results show that 132 patients had normal or equivocal findings on ERP; 113
patients (85.6%) had F-RP on EUS. In contrast, F-RP was found in only 6 (13.3%) of 45
CP cases on ERP (p<0.0001). A diagnostic accuracy of new criteria was superior to the
traditional criteria related to the diagnosis of normal pancreas (84.1% vs. 62.9%). In the
no-ERP grade, no significant difference was found between results obtained using the
new criteria and using Rosemont classification.

Conclusion: The new criteria proposed for addition to the F-RP findings will prevent
overdiagnosis without decreasing sensitivity. We believe that they will be useful for the
diagnosis of CP, especially in early stages.



Introduction

Chronic pancreatitis (CP) is an irreversible and progressive inflammatory process
featuring pathological modifications of fibrosis, inflammatory infiltration, and
destruction of exocrine and endocrine tissue, resulting in characteristic morphological
changes in the parenchyma and pancreatic ducts. These modifications vary in intensity
and distribution (diffuse or patchy). This unrelenting course engenders a high rate of
morbidity and mortality over a 20-25-year period. For that reason, current efforts
emphasize the establishment of an early diagnosis to commence intervention that can
positively affect or halt the natural progression of the disease'.

For defining and grading the severity of CP, the Cambridge classification’ of
endoscopic retrograde pancreatography (ERP) is an accepted and internationally
recognized system. However, the usefulness of ERP is limited by the fact that it
visualizes only the ductal system'". Consequently, it is difficult to diagnose early
stages of CP with mild changes using ERP alone because changes of CP occur from the
parenchyma.

Endoscopic ultrasonography (EUS) is well suited for assessment of the pancreas
because of its high resolution and the proximity of the transducer to the pancreas. In
contrast to ERP, EUS can detect abnormalities that are suggestive of CP in the
pancreatic parenchyma and ductal system, which are not visible on any other imaging
modality. In fact, EUS can become an imaging method that is able to detect both early
and late pancreatic abnormal changes with low risk of complications. To date, several
investigators have reported the use of EUS for the diagnosis of CP. For the diagnosis of
CP, EUS is now regarded as the most sensitive imaging modality because of its ability
to place the transducer in proximity to the pancreas'Vi-Vilix.x = Therefore, EUS is
anticipated for use as a modality for early and accurate diagnosis of CP. Now we can
use two criteria for diagnosing CP: traditional criteria and Rosemont classification*'.

The traditional EUS criteria for CP are recognized as follows: hyperechoic foci,
hyperechoic strands, parenchymal lobularity, irregular pancreatic duct margins,
hyperechoic pancreatic duct margins, visible pancreatic side branches, pancreatic duct
dilation, shadowing calcifications, and cysts. Opinions vary among researchers, but the
presence of CP was diagnosed when EUS revealed at least 2-3 of the features described
above. In addition, the EUS can evaluate the severity of CP with high sensitivity and
specificity depending on the number of criteria present. The disease severity is
classified as mild (2 or 3—4 features), moderate (5—6 features), or severe (more than 7
features) based on ERP findings as a gold standard. The Rosemont classification system
was an attempt to standardize the EUS features and thresholds for the diagnosis of
chronic pancreatitis and to define them more explicitly, with grouping of criteria into
major and minor importance categories. Regarding the traditional EUS diagnostic
criteria described above, the disease severity classification is accomplished merely from
the number of CP findings. However, the value of each EUS finding differs according



to the level of CP severity. The EUS findings observed on each practical CP stage are
not considered in traditional criteria, but Rosemont classification assigns each finding a
grade (major or minor) related to the value of findings.

The Rosemont classification therefore presents consensus-based criteria for an
EUS diagnostic system for CP that examines the existing body of evidence and the
experience of experts. Although Rosemont classification was developed to decrease
interobserver variation and to improve the early diagnosis for CP, it is more complicated
than the traditional scoring system*".

Therefore, we proposed new simple EUS criteria for CP to improve the diagnostic
value for early CP with mild changes. Our new criteria add the normal pancreatic
parenchymal feature to the traditional criteria: as a criterion, normal parenchyma is
considered to be intermingled in the early stage CP because changes of CP will occur
irregularly. This study was conducted to compare our new convenient EUS criteria with
a normal pancreatic parenchyma pattern and Rosemont classification in early CP having
mild changes, and to evaluate whether the new one can work or not.

Patients and Methods
1. Patients

During December 2000 — December 2011, 177 consecutive patients (106 men and
71 women; mean age 61.2 years, range 20-84) who had undergone both EUS and ERP
within 2 months in Fukushima Medical University Hospital for suspicious of some
pancreatic, bile duct or gall bladder abnormal lesions on CT/ US or by symptoms
were enrolled. Patients were excluded if they had a pancreatic tumor or lower biliary
ductal cancer. Clinical symptoms included patients with and without abdominal or back
pain. In all cases, the endoscopists who prospectively performed EUS and ERP
were aware of the patient’s history and other findings, including CT, and these findings
were retrospectively analyzed.

2. Methods
1) Endoscopic ultrasonography (EUS)

EUS was performed before or after ERCPs using a radial or curved linear arrayed
scope (UM 2000, UCT240-ALS5, UCP240-ALS, UCT260 or UE260 system; Olympus
Medical Systems Corp., Tokyo, Japan) with 7.5—-12 MHz frequencies. All patients were
placed in the left lateral position. Sedation was accomplished using either intravenous
diazepam (5 mg) or midazolam (5 mg). Using radial arrayed EUS, the head of the
pancreas was examined via the duodenum, and body to tail was scanned via the stomach.
Using curved linear arrayed EUS, the head of the pancreas was scanned via the
duodenum and stomach, the body to tail of the pancreas was observed via the stomach,
according to previous report.

All EUS images obtained during the procedure were stored on a computer as



electronic images. We retrospectively confirmed and analyzed these images through
discussion by 2 experienced endosonographers (A.l., A.S.). In cases with at least 1
alteration, the EUS was classified positive.

The obtained EUS images were classified according to the Rosemont criteria
(Tables 1, 2) and our new modified criteria based on traditional criteria (Table 3). A
criterion was added to the latter one, a fine-reticular pattern (F-RP) as a normal
pancreatic parenchyma (Fig. 1), to the modified traditional criteria. In this new proposed
criteria, CP consisted of the EUS images according to traditional criteria as follows
(Table 4): hyperechoic foci (Fig. 2-A), hyperechoic strands (Fig. 2-B), lobularity (Fig.
2-C), cysts as parenchymal features, and hyperechoic ductal margin, dilated main
pancreatic duct, duct irregularity, dilated side-branches, stones in the duct as ductal
features. In this new proposed criteria, we defined lobularity as findings with
honeycombing. The lobularity without honeycombing excluded the findings of
lobularity. Each item was counted as 1 point. If the F-RP was identified in the pancreatic
parenchyma, then 1 point was deducted from the amount of the point. We defined the
diagnostic criteria as follows (Table 5): suggestive/consistent CP in more than 4 points,
indeterminate CP in 2-3 points, unlikely in 1 point, and normal in -1 or 0 points.

2) Endoscopic retrograde pancreatography (ERP)

ERP was performed using oblique duodenoscopes (JF240, TJF240, TIJF260V:
Olympus Medical Systems Corp., Tokyo, Japan) and a triple lumen ERP catheter
(Tandem XL; Boston Scientific Japan, Tokyo, Japan). After cannulation into the
pancreatic duct, contrast medium (60% meglumine sodium amidotrizoate) was injected
slowly until side branches were contrasted. All patients were placed in the abdominal
position, with sedation accomplished using either intravenous diazepam (5 mg) or
midazolam (5 mg). Pentazocine (15 mg) was administered as needed.

The results for each patient were analyzed and evaluated in agreement by 2
investigators (A.L. and A.S.). Cambridge classification was used to assess the severity of
CP as follows: normal, no abnormal features; equivocal, fewer than three abnormal side
branches; mild, more than three abnormal side branches with normal main duct;
moderate, abnormal main duct and branches; severe, same as moderate disease except
with one or more additional abnormalities (large cavity, ductal stone/filling defect, duct
obstruction/stricture, gross irregularity).

3) Approach to investigation

Firstly, we evaluated F-RP whether it could be adapted as the normal pattern or not.
Frequency of F-RP appearance was analyzed by each ERP grade. Then, it was
investigated based on not only ERP, but also EUS. Since EUS is well-known to the most
sensitive modality for assessment of the pancreas, EUS was added to this evaluation.
F-RP would be observed more frequently in cases without EUS abnormal findings than



in cases with those ones. Frequency of hyperechoic foci and/or hyperechoic strands was
also examined as abnormal findings because they are findings of pancreatic parenchyma,
which were not observed by other modalities.

We subsequently compared the accuracy of new EUS criteria to traditional criteria.
Since EUS findings are sometimes controversial because of its possibility of
overdiagnosis especially in early stages, normal ERP was needed to take as a normal
pancreas. True boundary between normal and early chronic pancreatitis would exist
between ERP normal and EUS normal or EUS subtle abnormal. Finally, we made a
comparison of the accuracy between new EUS criteria and Rosemont classification.

4) Statistical analysis
Statistical analysis was performed with the Fisher’s exact test. A p value of less
than 0.05 was regarded as significant.

Results
1. Meanings of fine-reticular pattern on EUS

Patients were classified by ERP as normal (normal or equivocal) or having CP
(mild, moderate, severe) based on Cambridge classification. Normal or equivocal
findings on ERP were obtained for 132 patients; 113 patients (85.6%) had F-RP on EUS.
In contrast, F-RP was found in only 6 cases (13.3%) of 45 CP cases on ERP (p<0.0001)
(Table 6). Additionally, we evaluated whether F-RP, as a normal finding on EUS, was
observed or not in patient with or without CP (Table 7). In this assessment, the apparent
CP was defined as having both ERP findings more than mild on Cambridge
classification and parenchymal hyperechoic abnormalities on EUS (n=56). Normal was
defined as both normal/equivocal ERP findings and no EUS abnormalities (n=45). F-RP
was identified in all patients without CP. In contrast, only five patients (11.1%) among
CP patients were identified among findings of F-RP. Significant difference was found
between them (p<0.0001). These findings suggest that F-RP on EUS was a specific
finding in normal pancreatic parenchyma.

2. Meanings of parenchymal hyperechoic abnormalities

Next, we investigated the frequency of having hyperechoic abnormalities
(hyperechoic foci and/or Stranding, excluding lobularity) on EUS (Table 8). The reason
why lobularity was excluded from this inspection was that lobularity was the major
finding among Rosemont criteria (hyperechoic foci and strands were categorized in
minor items on Rosemont criteria). Hyperechoic foci and strands were observed in 75 of
132 cases (56.8%) in patients with normal/equivocal pancreatic duct on ERP. However,
they were observed in 44 (97.8%) among the patients (n=45) having CP on ERP.
Significant difference was found between them. These results indicated that the findings
of hyperechoic foci/strands are equivocal as the item for diagnosis of CP, although these



EUS findings are identified frequently in patients with obvious CP.

3. Diagnostic ability for normal pancreas in new proposed criteria

Based on these results, F-RP is done to reduce the overdiagnosis of CP, especially
early/mild CP. We added the item of F-RP to the traditional criteria and made a
proposition of the new EUS criteria for the diagnosis of CP. Subsequently, we
investigated whether our new criteria have a high diagnostic capability of normal
pancreas in comparison with traditional criteria. In cases where fewer than two points
were defined as normal, a diagnostic accuracy of new criteria was superior to the
traditional criteria related to the diagnosis of normal pancreas (84.1% vs. 62.9%) (Table
9). Results indicated that the addition of F-RP as a normal pattern was useful to avoid
overdiagnosis.

4. Diagnostic capability for CP in the new proposed criteria in comparison with
Rosemont classification

Finally, we compared our new criteria with those of Rosemont classification
(Table 10). In no ERP grade was significant difference found between the new criteria
and Rosemont classification. Consequently, it is considered that our proposed new
criteria will in no way be inferior to Rosemont classification.

Discussion

CP has been defined as an inflammatory disease of the pancreas characterized by
irreversible morphological (parenchymal and ductal) changes causing loss of both
endocrine and exocrine functions. However, some cases of CP in early stages might be
reversible or avoid worsening by treatment. It is crucial to diagnose chronic pancreatitis
in an early stage to prevent many complications including main pancreatic duct stenosis,
diabetes mellitus and pancreatic cancer. The diagnosis of advanced CP is not difficult
using various imaging modalities such as CT, MRI, and ERP. However, the definition
of early CP is wrapped in obscurity because of its slight changes and the lack of a gold
standard. Consequently, its diagnosis remains a challenge*l. Agreement among various
diagnostic methods is poor.

In fact, EUS is a well-established modality for the diagnosis of pancreatic disease.
The higher imaging resolution provided by EUS allows detection of subtle pancreatic
abnormalities such as hyperechoic foci and strands items of EUS criteria for CP, which
are undetectable using other modalities. Previous reports suggest that EUS can be a
sensitive modality for diagnosing CP when compared to ERCP findings™"i:**V_In this
study, 19 cases with normal/equivocal ERP and without F-RP actually suggested that
there were some abnormalities, which could not be detected by ERP but could only be
EUS (table 6). Accordingly, it is anticipated for use with EUS for the diagnosis of early
CP. However, aging is regarded as a factor of parenchymal/ductal changes on EUS



similar to CP, in fact, many patients have pancreatic parenchymal and ductal changes
that are identifiable using EUS in individuals with no history or symptom of
pancreaticobiliary diseases®. In addition, Rajan et al.*! reported that isolated EUS
abnormalities occur frequently in adults older than 60 years old without pancreatic
disease. Moreover, the presence of more than three EUS abnormalities, ductal or
intra-parenchymal stones, ductal narrowing or ductal dilation is more likely to represent
disease than age-related changes. In this study, pancreatic parenchymal changes,
hyperechoic foci and strands, were frequently identified in normal pancreas on ERP.
Referring to the Rosemont classification, these findings were categorized in minor items.
Consequently, as described above, mild parenchymal EUS features can have poor
specificity, resulting in the ‘overdiagnosis’ of CP.

Because EUS criteria for CP were first described by Jones et al. and further
refined by Wiersema et al."*!! several criteria were proposed. Traditional EUS criteria
assessed the total number of criteria and required the threshold number of criteria to
diagnose CP. These systems are extremely convenient, but it is considered that each

3

criterion such as ‘’pancreatic stone” and less specific findings such as “hyperechoic
foci/strands”, are evaluated as the same value. In other words, the EUS findings
observed on each practical CP stage are not considered in traditional criteria. However,
in the Rosemont classification, which is an attempt to standardize the EUS features and
thresholds for the diagnosis of CP and define them more explicitly, each finding is
assigned a grade (major or minor) in consideration of the value of findings. Although it
is apparently more reasonable, it is much more complicated.

Because the minimal changes that are not visible on any other imaging modality
are difficult to interpret, the potential exists for ‘overdiagnosis’ of CP*"ii. Even though
EUS can detect the abnormal features on an early CP precisely, the distinction between
‘normal’ and ‘early CP’ continues to pose a challenge. Therefore, we inferred that
including the normal EUS findings in the EUS criteria for CP might remove uncertainty
of diagnosis of early CP. Although F-RP is a well known finding as normal pancreatic
parenchyma, no apparent evidence exists in relation to F-RP. In this study, F-RP was
visible in many cases of normal ERP and was significantly less in cases of mild to
severe ERP, which indicated that F-RP can be regarded as a normal EUS feature.

Based on this result, we added F-RP as a criterion, i.e., - 1 point was provided
when there was an area with F-RP. Consequently, cases with fewer than 2 points were
interpreted as normal pancreas, and 2 or more points were regarded as CP including
early stages. Using our new criteria, the diagnostic accuracy of normal pancreas was
improved in comparison with results obtained using traditional criteria. The new criteria
will be useful for avoiding overdiagnosis without decreasing the sensitivity. In addition,
the whole diagnostic value for CP in our new simple criteria was quite similar to that
obtained using the more-complicated Rosemont classification.

In the course of CP, some patients develop structural changes before functional



abnormalities, or vice versa®®. The borderline between the normal pancreas and the
early/mild changes of CP is ambiguous in the first place, which might imply the
importance of detecting not only abnormal features but also normal patterns of the
pancreas to distinguish “early CP” from a normal pancreas. Simple and easy criteria
added to the normal EUS features of the pancreatic parenchyma can be helpful to
diagnose early CP.

There is one more issue, however, the correlation of EUS findings of mild/early
pancreatitis with histologic diagnosis remains an unanswered question™. Pancreatic
biopsy on a routine basis is thought to be risky and impractical; therefore, it cannot be
justified, especially in asymptomatic patients. Moreover, CP is often focal in
distribution, and a random biopsy specimen may be falsely negative. In addition, a
feature-to-feature correlation of EUS and histopathology is not known. There are
several studies which analyzed these issue. Although Dewitt et al.™ performed
EUS-guided Truecut biopsy (EUS-TCB) of the pancreatic body in 16 patients with
non-focal CP, agreement between EUS and ERCP with EUS-TCB were poor and fair,
respectively. They concluded that EUS-TCB is not currently recommended for
evaluation of these patients because of potential complications and limited diagnostic
yield. Varadarajulu ez al. ™ evaluated the correlation EUS criteria for noncalcific CP
with histology from surgical specimens. In the study, there was a significant correlation
between the number of EUS criteria and severity of noncalcific CP on histology in 42
patients. The most of patients underwent resection for pancreatic cancer, making it
difficult to extrapolate the results to the typical patients with abnormal pain™ and how
this fact affects the ‘‘findings’” at EUS **. This limitation also referred to this study.

In conclusion, EUS provides a safe and non-invasive method of obtaining detailed
structural information related to the pancreatic parenchyma and ducts. The new criteria
added the F-RP finding will avoid overdiagnosis without decreasing diagnostic
sensitivity. We believe that it will be useful for the diagnosis of CP, especially in early

stages.



Figure legends

Figure 1

Normal pancreatic parenchyma on EUS. A homogeneous and fine-reticular pattern
(F-RP) is visible in both images in parenchyma without dilated ducts (circle).

Figure 2

A: Hyperechoic foci in the pancreatic parenchyma. Many hyperechoic small dots are
identified (circle)

B: Hyperechoic strands. Many linear hyperechoes are visible (circle).

C: Lobularity. Pancreatic parenchyma is lobulated by linear hyperechoes (circle).
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