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Abstract.
BACKGROUND: Juxta-papillary duodenal diverticula (JPDD) are common but are usually asymptomatic, and they are often
diagnosed by coincidence.
OBJECTIVE: To analyse the anatomy and classification of JPDD and its relationship with biliary and pancreatic disorders, and
to explore the diagnostic value of multi-slice spiral computed tomography (MSCT) in patients with JPDD.
METHODS: The imaging data of patients with JPDD, which was obtained via abdominal computed tomography examination
and confirmed via gastroscopy and/or upper gastrointestinal barium enema, in our hospital from 1 January 2019 to 31 December
2020 were retrospectively analysed. All patients were scanned using MSCT, and the imaging findings, classification and grading
were analysed.
RESULTS: A total of 119 duodenal diverticula were detected in 96 patients, including 73 single diverticula and 23 multiple
diverticula. The imaging findings were mainly cystic lesions of the inner wall of the duodenum protruding to the outside of the
cavity. The thin layer showed a narrow neck connected with the duodenal cavity, and the shape and size of the diverticula were
different: 67 central-type cases and 29 peripheral-type cases. There were 50 cases of type I, 33 cases of type II, 19 cases of type
III and six cases of type IV. Furthermore, there were seven small, 87 medium and 14 large diverticula. The differences in the
location and size of the JPDD in MSCT grading were statistically significant (P < 0.05).
CONCLUSION: The MSCT method has an important diagnostic value for the classification of JPDD, and MSCT images are
helpful in the clinical evaluation of patients with JPDD and the selection of treatment options.
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1. Introduction

A duodenal diverticulum is a cystic hernia that protrudes through the weak mucosa of the duodenal wall
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and is mostly asymptomatic [1]. A juxta-papillary duodenal diverticulum (JPDD) refers to a diverticulum
that occurs 2–3 cm away from the duodenal papilla [2]. Due to its close relationship with the anatomy of
the duodenal papilla, it is often combined with various biliary and pancreatic diseases in clinical practice,
which is termed duodenal papillary diverticulum syndrome or Lemmel’s syndrome [3]. The patients are
mainly middle-aged and elderly people who experience recurrent upper abdominal pain [4]. Computed
tomography (CT) is a common examination method, but it is easy to ignore the simultaneous existence of
JPDD in CT diagnosis [5].

At present, 64-slice and above multi-slice spiral CT (MSCT) can perform sub-millimetre thin-layer
scanning and multi-directional observation, which improves the imaging level of the duodenum and
hepatobiliary regions [6]. The MSCT method can identify four different types of JPDD, and the use
of this classification can help describe the disease more accurately [7]. To further analyse the imaging
findings of JPDD syndrome, this study retrospectively analysed the MSCT examination and imaging data
of patients to provide a valuable reference for the clinical diagnosis and treatment of this disease.

2. Materials and methods

2.1. Research participants

A total of 96 patients with JPDD who were examined using abdominal CT scanning and gastroscopy
and/or upper gastrointestinal barium enema from 1 January 2019 to 31 December 2020 in our hospital in
Yantai City were selected as the research participants. The inclusion criteria were as follows: (1) complete
medical records; (2) the disease is confirmed by relevant examinations and meets the clinical diagnostic
criteria of JPDD in the eighth edition of Surgery [8]; and (3) the participants understand the research
content and agree to participate in this study. The exclusion criteria were as follows: (1) incomplete image
data; (2) mental illness or cognitive dysfunction; and (3) lack of cooperation with the researchers.

The patients consisted of 52 men and 44 women, and their mean age was 67 ± 5.00 years (age range:
41–88 years). This study was approved by the ethics committee of the hospital.

2.2. Examination methods

The instrument used for the examination was a Somatom Definition AS + 64-row 128-slice CT scanner
(Philips, Netherlands). The patients fasted for 6–10 h before the examination, and 600–800 ml of drinking
water was taken orally 30 min before the enhanced scan to fill the intestinal tract. Moreover, the patients
took 600–800 ml of 1% diatrizoate meglumine orally before the routine scan. All 96 patients underwent
MSCT scanning, with 38 undergoing enhanced scanning and 58 conventional scanning only. The scanning
parameters were as follows: current = 120 kV, voltage = 250 mA, layer thickness = 5 mm, layer spacing
= 5 mm and matrix = 512 × 512. The enhanced scanning included arterial phase, portal phase and venous
phase scanning. During the scanning, a high-pressure syringe was used to inject a non-ionic contrast
agent through the elbow vein. The concentration was 300 mg/100 ml, the administration speed was 3 ml/s
and the total amount of drugs was 80–100 ml. The scanning range was from the top of the diaphragm
to the lower level of the duodenum. After the scan was completed, the original data were reconstructed
in the horizontal and coronal planes. The layer thickness was 1.25 mm, and the layer distance was
1.25 mm. The reconstructed images were transmitted to the ADW4.2 workstation to analyse and observe
the anatomical characteristics of duodenal papillary diverticulum syndrome and the occurrence of biliary
and pancreatic diseases. Duodenal lesions were reconstructed using curved planar reformation (CPR) and
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multiplanar reformation (MPR). Maximum intensity projection reconstruction of the biliopancreatic duct
was performed to observe the positive stones.

2.3. Observation indicators

The results of the MSCT examination were analysed, including in terms of imaging findings, classifi-
cation and grading.

Based on the relationship between nipple and diverticulum, the classification of diverticula is divided
into a central type (the nipple opening is located at the edge or inside of the diverticulum opening) and a
peripheral type (the nipple opening is within 3 cm of the diverticulum) [9].

Based on the classification method devised by Wiesner et al., the classification of the diverticula was
divided into four types: (1) type I: ventral type of ampullary sphincter complex; (2) type II: dorsal type
of ampullary sphincter complex; (3) type III: two-leaf type; (4) type IV: small nipple ventral type [10].
These videos were read by two experienced abdominal radiologists to document the location and size of
JPDD and the incidence of biliary and pancreatic diseases.

The diverticula were divided into three types according to diameter: small diverticulum (6 10 mm),
medium diverticulum (10–30 mm) and large diverticulum (> 30 mm).

The MSCT grading of the JPDD was as follows: grade 0 = simple JPDD, which meant that clinical
symptoms and related laboratory tests did not suggest combined biliary and pancreatic diseases; grade 1 =
JPDD combined with biliary-pancreatic inflammation; grade 2 = JPDD with biliary calculi or obstructive
jaundice; grade 3 = JPDD with cholestatic cirrhosis, severe pancreatitis or other severe diseases [11].

2.4. Statistical methods

The date were analysed using SPSS 19.0 statistical software. The measurement data were expressed as
(x̄± s) and analysed using the Student’s t-test, while the count data were analysed using the χ2 test. A
P -value of < 0.05 was considered statistically significant.

3. Results

3.1. Location and size of the diverticula

A total of 113 JPDD were detected in the 96 patients, including 73 cases of single diverticula and 23
cases of multiple diverticula. The diverticula were located above the nipple in 69 cases, below the nipple
in 21 cases and at the edge of the nipple in six cases. The diameter of the diverticula ranged from 0.5
to 4.3 cm, with an average of 2.54 ± 0.62 cm. On the MSCT images, the JPDD presented a bag-like
protrusion structure within 2–3 cm from the duodenal papilla, which could be a pure gas-containing
cavity, a gas-liquid plane or a grid-like food residue image (Fig. 1).

3.2. Imaging findings of the diverticula

On the MSCT images, the JPDD mainly manifested as a pocket-like lesion protruding from the inner
wall of the duodenum to the outside of the cavity.The thin layer showed the neck of the lesion and
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Fig. 1. A–B: male, 49 years old, enhanced scan portal venous phase, type I, medium diverticulum, pancreatic swelling, a small
amount of exudative changes around the pancreas, thickening of the left prerenal fascia, considering JPDD with edematous
pancreatitis, MSCT image grade 1. C–D: male, 72 years old, abdominal plain scan MPR coronal and axial, type I, large
diverticulum, annular high-density lesions in the gallbladder, considering JPDD combined with gallstone MSCT image grade 2;
E–F: male, 63 years old, MPR axial and coronal plain abdominal scan, type III, large diverticulum, multiple nodular high-density
shadows in the common bile duct, thickening and blurring of the bile duct wall, bile duct dilatation above the obstruction level,
considering JPDD with multiple common bile duct stones and cholangitis, MSCT imaging grade 2.

Fig. 2. 1 Male, 68 years old, JPDD containing gas; 2 Female, 71 years old, JPDD containing a gas-liquid level and a small
amount of high-density contrast medium, being compressed adjacent to the lower end of the common bile duct.

the duodenal cavity, and the neck was narrow. Nineteen (19.80%) cysts contained gas (Fig. 2), 18
(18.75%) cysts contained liquid and 31 (32.29%) cysts contained a gas-liquid plane (Fig. 2). Six cases
(6.25%) had mixed-density shadows of gas-liquid and food in the cystic cavity. In the enhanced scan, 22
cases (22.92%) of the diverticulum wall presented mild to moderate enhancement consistent with the
enhancement of the duodenal wall, and the contents of the diverticula were not enhanced. The shapes and
sizes of the diverticula (mostly round or oval, with eight lobulated cases) were different. Fourteen cases
were complicated with diverticulitis and mainly manifested as rough and thickened diverticulum walls
with significant enhancement. The multiplanar reconstruction showed a clear diverticula narrow neck.
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Table 1
Classification of JDD and combined biliary and pancreatic diseases

Diverticulum
classification n Bile duct dilatation Bile duct stones Cholecystitis Gallbladder stones

Central type 67 56 22 11 6
Peripheral 29 12 14 13 5
Total 96 68 36 24 11

Table 2
MSCT grading in JDD types

Classification/
grading I II III IV Small diverticulum Medium diverticulum Large diverticulum

0 14 15 8 5 5 30 7
1 22 2 8 0 2 36 4
2 13 6 3 1 0 20 3
3 1 0 0 0 0 1 0
Total 50 33 19 6 7 87 14

3.3. Classification of the diverticula

There were 67 central-type cases and 29 peripheral-type cases, while there were 68 bile duct dilatation
cases, 36 bile duct stones cases, 24 cholecystitis cases and 11 gallbladder stones cases (with multiple
lesions) (Table 1).

Of the 113 diverticulum types, 50 were type I, 33 were type II, 19 were type III and six were type IV.
The incidence of grade 0 was 70.6% (36/51), the incidence of grade 1 was 51.4% (18/35), the incidence
of grade 2 was 52.4% (11/21) and the incidence of grade 3 was 16.7% (1/6). The total incidence was
58.4% (66/113). There was a significant difference in the incidence of JPDD (grade 0–3) among different
types (χ2 = 8.43, P = 0.048), and the incidence of type I was higher than that of the other types (χ2 =
8.13, P = 0.04). There were nine small diverticula, 89 medium diverticula and 15 large diverticula. The
incidence of MSCT grading (grade 0–3) of JPDD was 22.2% (2/9), 64.0% (57/89) and 46.7% (7/15),
respectively. The incidence of different sizes of JPDD complicated with MSCT grading (grade 1–3) was
statistically significant. The incidence of medium-sized diverticula was higher than that of other types
(χ2 = 6.87, P = 0.03) (Table 2).

4. Discussion

In recent years, with the continuous development of imaging diagnostic techniques, the early diagnosis
rate of JPDD has improved. The MSCT method has been widely used in the clinical diagnosis of this
disease and has become the preferred examination method [2], presenting a fast-scanning tool with a
wide range. The method can be developed using multi-planar reconstruction, surface covering and other
technologies, and it can obtain clearer image maps, which have the advantages of high sensitivity and
high specificity [6]. In this study, the MSCT and imaging data of a sample of patients were retrospectively
analysed, as well as the imaging manifestations of JPDD, which provided a valuable reference for the
clinical diagnosis and treatment of this disease.

A typical JPDD is a capsular bag-like lesion protruding from the inner wall of the duodenum to the outer
cavity. The thin layer shows the neck connecting the lesion and the duodenal cavity. The diverticulum
cavity often contains a gas-liquid plane. The enhanced scan has mild to moderate enhancement, and the
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shape and size of the diverticula are different [12,13]. In terms of clinical diagnosis, the patient’s medical
history, symptoms and CT imaging findings generally allow for a clear diagnosis [14]. When the CT
imaging reveals a simple liquid cystic shadow, attention should be paid to differential diagnosis with
pancreatic cysts and cystic tumours to avoid misdiagnosis [15].

However, in the diagnosis of upper abdominal CT, the duodenal diverticulum is often overlooked and
missed. The diagnosis of the 96 cases of JPDD in this group indicated that the previous diagnostic doctors
had insufficient understanding and low vigilance. The CT manifestations of the duodenal diverticulum
in this group were capsular bag-like protrusions beside the nipple, which were more common in the
medial wall of the descending segment. The CT manifestations may vary due to the different contents
of the diverticulum. Enhanced scan diverticulum wall visible enhancement, but also because the wall is
too thin no obvious enhancement, content no enhancement. Through the observation using thin-layer
CT, combined with MPR imaging, the display of the duodenal diverticulum is more reliable, clearly
showing the shape, location, size and surrounding tissues and organs of the lesion. Duodenal CPR imaging
can straighten the curved duodenal circle and better display the relationship between the duodenum
and the diverticulum [16,17]. It is recommended to find the opening between the diverticulum and the
duodenal cavity or the intestinal mucosa extending from the duodenum to distinguish it from other
lesions containing gas and liquid around the duodenum, such as gastrointestinal perforation, pancreatic
pseudocyst and pancreatic cystadenoma.

In this study, the classification criteria for JPDD were mainly based on the type of biliary and pancreatic
diseases and follow-up treatments. Patients with simple JPDD without biliary and pancreatic complications
were clinically classified as grade 0 to prevent JPDD syndrome. Grade 1 mainly involved biliary and
pancreatic inflammation, which can be alleviated and controlled by active medical treatment. Grade
2 was associated with various types of biliary calculi or obstructive jaundice. At present, endoscopic
retrograde cholangiopancreatography or surgical treatment is advocated in clinical practice [18] to control
any inflammation and reduce any hepatopancreatic damage. Grade 3 referred to all types of acute and
severe diseases caused by JPDD, such as severe pancreatitis or cholestatic cirrhosis. These patients are
critical and face complications and often require multidisciplinary comprehensive treatment. Treating
doctors should be highly vigilant in clinical practice [19]. Through the analysis of this group, it was
found that grades 0 and 1 accounted for most patients with JPDD, followed by grade 2 and grade 3. Most
patients with JPDD only need follow-up or conservative medical treatment, while a small number of
patients with grades 2 and 3 require surgery. Preoperative MSCT examinations are helpful in evaluating
the condition of such patients.

This study involved a number of limitations. First, this was a retrospective study, and there may have
been inevitable deviations. Second, this was a single-centre study, and future research needs to include
multi-centre studies. In addition, this study did not compare the diagnostic performance of CT, MRI
or ERCP, since the number of relevant examinations in our hospital is small. Clinical samples will be
increased in future studies and these will include MRI or ERCP result reports for comparison, while the
images will be re-evaluated.

5. Conclusion

MSCT not only allows for a classification diagnosis of JPDD but also an accurate image classification,
which is helpful for clinical evaluation and the appropriate selection of treatment options.
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