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Abstract: Purpose: Pancreatic duct variation can affect the secretory function of the pancreas. We
aimed to explore the pancreatic duct variation, observed using low-keV monoenergetic images [MEI
(+)] of dual-energy CT (DECT), and its relationship with related diseases. We further sought to
compare pancreatic duct imaging using low-keV MEI (+) of DECT and magnetic resonance cholan-
giopancreatography (MRCP). Materials and Methods: The DECT and MRCP images of 854 patients
were evaluated retrospectively. The 808 patients” pancreatic duct types were classified according to
the anatomy and the opening of the pancreatic ducts, and the correlation with related diseases was
analyzed. The DECT and MRCP images of 852 patients were graded according to the sharpness of
the pancreatic ducts for evaluation. Results: A higher prevalence of acute pancreatitis (AP), chronic
pancreatitis (CP), and duodenal papillary carcinoma (DPC) was observed in the variant group. Of
the 27 AP cases in the variant group, 9 patients (33.3%) were Type 3c. Additionally, Type 4a was
significantly correlated with AP and CP (p < 0.05). Low-keV MEI (+) of DECT outperformed the
MRCP images in the sharpness of the pancreatic ducts in 852 patients. Conclusions: Pancreatic duct
variation is associated with AP, CP, and DPC. Low-keV MEI (+) DECT is an effective method to
observe the pancreatic duct system.

Keywords: pancreatic duct variation; pancreas-related diseases; dual-energy CT; MRCP

1. Introduction

The pancreas is the second largest digestive gland in the human body and plays
an important role in the process of digestion. With the morbidity of pancreatic disease
increasing significantly [1-3], further in-depth and detailed research on the etiology of the
pancreas and related diseases is needed. Most previous etiological studies have focused
on external causes, such as long-term smoking and alcoholism, and some internal causes,
including heredity, genetics, and race [1-5]. Recently, some researchers have suggested that
the anatomical variation of the pancreatic duct may be connected with some pancreatic
diseases [6], a potential factor that is easily ignored.

The pancreas consists of two parts: the exocrine pancreas and the endocrine islets. The
exocrine pancreas consists of most of the gland and pancreatic ducts [7]. As an important
secretory channel of the pancreas, the variation, obstruction, and injury of the pancreatic
duct system can affect the balance of endocrine and exocrine function [8-10]. The exocrine
pancreas is also affected by distinct diseases, such as acute and chronic pancreatitis; most
pancreatic cancers are ductal carcinomas [11]. In the clinic, most congenital pancreatic
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duct variations are diagnosed accidentally after the occurrence of pancreas-related dis-
eases. Some studies have shown that pancreas divisum (PD) tends to induce recurrent
AP and CP [12]; in contrast, some researchers hold that the frequency of pancreatitis does
not differ between patients with PD and unaffected individuals [13]. Thus, the congenital
anatomical variation of the pancreatic duct and its relationship with pancreatic-related
diseases remain unclear [14]. Meanwhile, few studies have focused on other types of
pancreatic duct variation.

In the choice of observation methods, endoscopic retrograde cholangiopancreatogra-
phy (ERCP) has clear defects; it is an invasive examination that often causes postoperative
complications and may further aggravate the condition [15,16]. Subsequently, magnetic
resonance cholangiopancreatography (MRCP) gradually replaced the former because of its
noninvasive characteristics [6]. However, MRCP has some limitations: it reduces spatial
resolution, making it less sensitive to certain abnormal anatomy or lesions; visualization
is affected when peripancreatic exudation or peritoneal fluid is present; and the assess-
ment of ampullary lesions is somewhat constrained [17-19]. Given the limitations of
many examinations, DECT may be a promising method. Early research has shown that
using multislice spiral CT could easily identify congenital variations of the pancreatic duct
and pancreas [20]. In recent years, with the rapid development and popularization of
dual-energy CT technology, low-keV MEI (+) of DECT has provided better contrast for
the observation of low-density pancreatic lesions while using the lowest radiation dose
and amount of contrast medium possible [21,22]. In the non-secretin enhanced scan, the
unenhanced pancreatic duct showed low-density imaging, which can provide a clearer
course of the pancreatic duct for diagnostics, thus improving the diagnostic efficiency.

The aim of this study is to explore the relationship between the types of pancreatic
duct variation and pancreas-related diseases by low-keV MEI (+) of DECT. Moreover,
we subjectively evaluated the sharpness of the pancreatic ducts between low-keV DECT
and MRCP, hoping to provide better choices and supplements for clinicians in terms of
examination methods.

2. Materials and Methods
2.1. Subjects

All patients were treated at the First Affiliated Hospital of Chongqing Medical Uni-
versity. The radiology information system/picture archiving and communication system
(RIS/PACS) of our hospital was utilized to search and identify patients. We retrospectively
evaluated images of 854 patients who underwent abdominal DECT and MRCP within
2 weeks before treatment between July 2020 and September 2022. These patients were
confirmed by clinicopathology (biopsy or surgical section) and/or serological indicators
(serum amylase, etc.). 2 patients with recurrence after surgical resection of pancreatic
neoplasms were excluded (the pancreatic duct was already incomplete), and 852 patients’
DECT and MRCP images were graded according to the sharpness of the pancreatic ducts.
Forty-four patients with poor quality of either DECT or MRCP images were excluded
from the study. Finally, 808 patients” pancreatic duct types were classified according to the
anatomy and the opening of pancreatic ducts, and the correlation with related diseases
was analyzed.

Figure 1 shows the flow chart of the study population.

2.2. Imaging Analysis—Anatomical Classification of Pancreatic Ducts and Related
Disease Grouping

All CT and MRCP images were consistently evaluated by two experienced abdominal
radiologists (8-12 years of experience) on PACS workstations. The radiologists were
blinded to the clinical information of any patient. Any discrepancies were resolved by a
third more experienced radiologist.

The anatomical variation of the pancreatic duct was divided into 5 groups according
to the classification of AnaDugic et al. To facilitate better description and typing, the
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main pancreatic duct (MPD) in this paper refers to the anatomically large and functionally
dominant duct, which is not related to its embryonic origin [6]. This is slightly different
from the definition of MPD in traditional anatomy.

Figure 2 shows the detailed classification of the pancreatic duct system.

In this study, types 1 and 3b were set as the normal group, and the remaining types
2, 3a, 3¢, 4, and 5 were set as the variant group. In addition, we established groups of
pancreas-related diseases and non-pancreas-related diseases. The pancreas-related diseases
included groups of pancreatic neoplasms (PN), nonbiliary pancreatitis (NBP), duodenal
papillary carcinoma (DPC), and ampullary carcinoma (AC). DPC and AC were added
because the former is an important outflow channel of pancreatic juice, while the latter
is closely related to the pancreatic parenchyma and the pancreatic duct in the head of
the pancreas and may even have partial communication [23]. Pancreatic duct variation
may affect the excretory function of the secretory channel and lead to the occurrence of
lesions. The non-pancreas-related diseases include groups of biliary system tumors (except
ACQ), cholelithiasis with inflammation, and other (no lesions in the biliopancreatic system
and duodenum).

Patients underwent Low-keV DECT and MRCP from
July 2020 to September 2022 (n = 854)

J|The postoperative pancreas was
excluded (n = 2)

Y

852 patients' pancreatic duct systems were observed (n = 852)

MRCP images was excluded (n =44)

The poor quality of either DECT or

426 males (52.8%), 382 females (47.2%); mean age, 58.0 + 14.4 years according to the sharpness of pancreatic ducts

Final population (n = 808) Low-keV DECT and MRCP images were graded

!

I

368 males, 331 females; mean age, 57.9

Normal pancreatic duct group (n=699) Pancreatic duct variation group (n=109) The subjective image quality of the low-keV DECT

+ 14.5 years 58 males, 51 females: mean age, 59.3 + 12.8 years and MRCP examinations was evaluated

.

.

Classified according to variety of diseases

PN(n=142)

NBP(n = 143)

Tumor at the opening of pancreatic duct and
common bile duct(n = 68)

Biliary system tumor(n = 239)
Cholelithiasis with inflammation(n = 75)

Other(n=141)

Analysing the correlation between pancreatic

duct variation and related diseases

Figure 1. Flow chart of the study population. PN: Pancreatic neoplasms; NBP: Nonbiliary pancreatitis;
DECT, Dual-energy computed tomography; MRCP, Magnetic resonance cholangiopancreatography.



Diagnostics 2023, 13, 520

40f16

Type 1 Type 2a Type 2b
Type 3a Type 3b Type 3¢

Type 4a Type 4b Type 4c
A A
Type 5a Type 5b

Figure 2. Anatomical classification of pancreatic duct system. Type 1: MPD drainage to MP, APD
drainage to MiP, local communication; Type 2: MPD drainage to MiP, APD drainage or non-drainage
to MP, local communication; Type 3: Subtype a, MPD drainage to MP, APD non-drainage to MiP,
local communication; Subtype b, only MPD drainage to MP, but no APD; MPD drainage to MP and
non-communicating APD drainage to MiP are type 3¢, which is called “reverse pancreas divisum”;
Type 4: Pancreas divisum. Subtype a- “complete pancreas divisum”, MPD drainage to MiP, APD
drainage to MP; Subtype b, only MPD drainage to MiP, but no APD; Subtype c- “incomplete pancreas
divisum”, there is local communication based on subtype a; Type 5: Ansa pancreatica-MPD drainage
to drainage to MP, and annular or S-shaped APD is indirectly connected to MPD through ventral
small branches. MPD, main pancreatic duct; APD, accessory pancreatic duct; MP, major papilla; MiP,
minor duodenal papilla.

3. Imaging Technology
3.1. Enhanced Dual-Energy CT

The CT image data were collected on a DECT scanner (SOMATOM Force, Siemens
Healthineers) in dual-energy mode through two X-ray tubes with different kilovolts (A tube,
100 kV; B tube, Sn150 kV). The high-voltage tube used a tin filter. The settings of the two
scanners were as follows: collimation 128 x 0.6 mm; rotation time 0.5 s; and reference
tube current time product of pitch 0.6x A tube, 260 mAs. Automatic exposure control
(CAREDose4D) was used for all scans. The images were taken from the caudal direction
from the hepatic fornix to the pubic symphysis, and the pancreas was scanned completely.
A nonionic contrast medium (Ultravist 370 Bayer Healthcare; or Iopamiro 370 Healthcare)
was injected through the vein around the forearm at a dose of 1.2 mL/kg at a flow rate
of 3.5-5 mL/s, and 40 mL of saline was then rinsed at the same injection rate. Arterial
phase scanning was delayed 10 s after the abdominal aorta reached the trigger threshold
(100 HU), and portal venous phase scanning was performed 30 s after the end of the
arterial phase [24]. The study mainly observed 40-50 keV MEI (+) reconstructions acquired
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by DECT, which previous studies have claimed better show low-density lesions of the
abdominal parenchymal organs [24,25]. More intuitive images of the pancreatic duct system
can be obtained using the maximum intensity projection (MIP) and the minimum intensity
projection (MinIP).

3.2. MRCP

In our hospital, 1.5T (Signa HDx, GE Healthcare) and 3.0T (Magnetom Skyra, Siemens
Healthcare GmbH) magnetic resonance imaging (MRI) scanners were used for the MRCP
examination. Before the examination, the patients fasted for 10 h and refrained from
drinking for 6 h. No intravenous or oral contrast agent was given.

T2-weighted single-shot half-Fourier acquisition fast spin—echo and 3D respiratory-
triggered spin—echo images were achieved, with a section thickness of 3 mm, a flip angle
of 180°, and a field of view of 256 mm x 256 mm. The best images of the bile duct and
pancreatic duct were obtained by a thin-layer MRCP rotation at different angles. The images
were obtained during breath holding, and the MIP images were analyzed to understand
the probable anatomical changes from multiple angles [26].

The patients underwent both DECT and MRCP. However, the images focused more
on the pancreatic duct itself than the diagnosis of the disease. To assess the sharpness
of the pancreatic ducts, we established a set of grade standards. An image quality that
failed to display and therefore seriously affected the diagnosis was graded as Grade 1.
Grade 2 was considered when the image was unclear and needed another examination to
reach the diagnosis, and Grade 3 was considered when the image was clear and could be
diagnosed independently.

3.3. Statistical Analysis

All data were analyzed with SPSS 25.0 software. The quantitative (numerical) data
were expressed as the means + standard deviation (SD), and the qualitative (categorical)
variables were expressed as numbers and percentages. Comparisons of the quantitative
data were performed using student’s t-test. The analysis of the categorical data was
performed using Fischer’s exact test and chi-squared test to classify and test the distribution
of pancreas-related diseases in the normal and variant groups. Spearman’s rank order
correlation was performed to verify differences between low-keV MEI (+) of DECT and
MRCP in observing the image quality of the pancreatic duct system. p < 0.05 was considered
statistically significant.

4. Results
4.1. Patient Characteristics

From July 2020 to September 2022, a total of 808 patients (mean age: 58.0 & 14.4 y)
completed both abdominal DECT and MRCP imaging, including 426 males (52.8%) and
382 females (47.2%). The variant group included 109 patients (mean age: 59.3 + 12.8 y),
with 58 males (53.2%) and 51 females (46.8%). The normal group included 699 patients
(mean age: 57.9 £ 14.5 y), with 368 males (52.6%) and 331 females (47.4%). There were
no significant differences between the normal group and the variant group regarding age
or sex (p > 0.05). The variant group comprised 64 patients (58.7%) with pancreas-related
diseases and 45 patients (41.3%) with non-pancreas-related diseases. The distribution of
pancreas-related and non-pancreas-related diseases was statistically different between the
two groups (p = 0.001). Patient characteristics and clinical data are summarized in Table 1.

4.2. Frequency of Pancreatic Duct Variation

The distribution of pancreatic duct variation is shown in Figure 3.

The MPD flowed into the MP, and no APD was the most common anatomical type
(type 3b, Figure 4) (58.5%, 473/808); the second type was a classical double division with
the double duct structure (type 1, Figure 5) (28.0%, 226/808).
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Table 1. Clinical Profile of the Participant.
Normal Variant 4
Age (years), mean + SD 579+ 14.5 59.3 +12.8 0.464 *
Gender, n (%)

Male 368 (52.6) 58 (53.2) .

Female 331 (47.4) 51 (46.8) 0.913
Pancreas-related diseases ? 289 (41.3) 64 (58.7) 4

Non-pancreas-related diseases b 410 (58.7) 45 (41.3) 0.001

* Student ¢ test,  Chi-square test. 2 Include groups of pancreatic neoplasms, nonbiliary pancreatitis, and tumors at
the opening of pancreatic duct common bile duct. ® Include groups of biliary system tumor, cholelithiasis with

inflammation, and other. (The biliary tumor group does not include ampullary carcinoma.).
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Figure 3. The distribution of pancreatic duct variation. * Quantity of subjects.

Figure 4. Type 3b, 63-year-old male patient with AP. (a): MIP [45 keV MEI (+)] shows an S-shaped
dilated MPD (long arrow) in the head of the pancreas. APD is not displayed. The fat space around
the head of the pancreas is blurred (short arrow). (b): MinIP [45 keV MEI (+)] clearly shows the

overall shape of “S”-shaped MPD.
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Figure 5. Type 1. A 68-year-old male patient with IPMN. (a): MIP [45 keV MEI (+)] shows a tumor
(pentagram) and the dilated MPD (long arrow) in the head of the pancreas. APD (short arrow)
drained from MiP and communicated with MPD. The common bile duct (arrow) is clearly visible.
Postoperative pathology confirmed that the mass was IPMN. (b): MinIP [45 keV MEI (+)] clearly
shows the overall direction of MPD.

There were 109 patients in the variant group. The PD (type 4) was the most common
pancreatic variant (6.2%, 50/808), including type 4b (3.5%, 28/808, Figure 6), complete PD
(type 4a) (1.6%, 13/808, Figure 7), and incomplete PD (type 4c) (1.1%, 9/808, Figure 8).
The frequency of type 3a was 0.6% (5/808, Figure 9), and that of reverse PD (type 3c) was
3.6% (29/808). The frequency of type 2 was 2.4% (19/808), including type 2a (1.5%, 12/808)
and type 2b (0.9%, 7/808, Figure 10). Anza pancreatica (type 5) was relatively rare (0.7%,
6/808), including type 5a (0.6%, 5/808) and type 5b (0.1%, 1/808).

4.3. Distribution of Pancreas-Related Diseases in the Normal and Variant Groups

Throughout the study, the number of patients in the normal group was significantly
greater than that in the variant group, which was related to the low frequency of pancreatic
duct variation.

There were 121 patients with AP in the two groups. In the variant group, a total of
27 patients had AP (22%, 27/121), of which the incidence of type 3c (33.3%, 9/27) and type
4a (18.5%, 5/27) are higher. There were 18 patients with CP, of which six patients (33%,
6/18) were in the variant group. Patients with autoimmune pancreatitis (AIP) only existed
in the normal group (n = 4).

Figure 6. Type 4b. A 46-year-old male patient with hilar cholangiocarcinoma. (a): MIP [45 keV
MEI (+)] shows that the MPD (long arrow) flows into the MiP and extends to the tail. APD is
not shown. The initial part of the common bile duct (short arrow) is visible. (b): MinIP [45 keV
METI (+)] shows the course of the pancreatic duct more clearly. MPD refers to anatomically large and
functionally dominant ducts.
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Figure 7. Complete pancreas division (Type 4a). A 42-year-old female patient with common bile duct
stones. (a): MIP [45 keV MEI (+)] shows that the MPD (long arrow) flows into the MiP (arrowhead)
and the APD (short arrow) flows into the MP. There is no communication between MPD and APD.
The T-tube (black arrow) can be seen in MP and the common bile duct. (b): MinIP [45 keV MEI
(+)] more intuitively shows the overall shape of MPD (long arrow) and APD (short arrow). MPD
flows into MiP and extends to the tail of the pancreas. (c): Oblique coronal thick slab MRCP image
shows MPD (long arrow) flows into the MiP (short arrow) and the APD is not displayed. The
stone (arrowhead) is located in the middle and lower part of the common bile duct. MPD refers to
anatomically large and functionally dominant ducts.

Figure 8. Type 4c. A 73-year-old female patient with multiple stones of the intrahepatic bile duct.
(a): MIP [45 keV MEI (+)] shows that MPD (long arrow) flows into MiP, and APD (short arrow) flows
into MP with a small communication branch (bent arrows) between them. (b): MinIP [45 keV MEI (+)]
improves visualization of small pancreatic ducts and their branches. MPD refers to anatomically
large and functionally dominant ducts.

Overall, 99 patients (12.3%, 99/808) had pancreatic cancer and 43 patients (5.3%, 43/808)
had other pancreatic tumors. Among the other pancreatic tumors, the incidence of intraduc-
tal papillary mucinous neoplasm (IPMN) (Figures 5 and 9) was the highest at approximately
49% (21/43). In the “tumor at the opening of the pancreatic duct and common bile duct”
group, there were 22 cases of DPC (2.7%, 22/808) and 46 cases of AC (5.7%, 46/808).

In addition, there were 239 patients (29.6%, 239/808) in the cholelithiasis and inflam-
mation group and 141 patients (17.5%, 141/808) in the other group (no lesions in the
biliopancreatic system and duodenum). Seventy-five patients (9.3%, 75/808) were in the
biliary tumor group (except AC). These patients were included in the non-pancreas-related
disease group.

As shown in Table 2, there were no statistical differences between the normal and
variant groups in terms of PC, other pancreatic tumors, and AC. The distributions of the
AP (p =0.002), CP (p = 0.025), and DPC (p = 0.020) were significantly different in the normal
and variant groups, respectively. In Table 3, except for patients with type 3c who had a
correlation with AP (p = 0.014), there were significant differences between type 4a and AP,
CP (p = 0.024, 0.025, respectively).
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Figure 9. Type 3a. A 49-year-old male patient with IPMN. (a): MIP [45 keV MEI (+)] shows the
enlarged head of the pancreas with tumor (pentagram), and tortuous dilation of MPD (long arrow)
and APD (short arrow). The APD communicates with the front segment of the MPD without flowing
into the MiP. The drainage tube (arrow) can be seen in the MPD. (b): MinIP [45 keV MEI (+)] reduces
the interference of ductal artifacts and shows the course and more detail of the distal pancreatic duct.
Postoperative pathology confirmed that the mass was IPMN.

Figure 10. Type 2b. A 45-year-old female patient with Cholangitis. (a): MIP [45 keV MEI (+)] shows
MPD (long arrow) flows into MiP and extends to the tail of the pancreas. The tiny APD (short arrow)
communicates with the front segment of the MPD without flowing into the MP. (b): MinIP [45 keV
MEI (+)] shows the overall configuration of the pancreatic duct and the thin duct in the tail. MPD
refers to anatomically large and functionally dominant ducts.

Table 2. Distribution of normal group and variant group in pancreas-related diseases.

Tumor at the Opening of Pancreatic

PN NPB Duct and Common Bile Duct
PC Other Pancreatic Tumors AP CP AIP DPC AC
Normal 89 38 94 12 4 15 37
Variant 10 5 27 6 / 7 9
Total 99 43 121 18 4 22 46
P 0.292 # 0.713 # 0.002%  0.025* 0.020 * 0.214 #

* Fisher’s exact test, Chi-square test. PN, pancreatic neoplasms; PC, pancreatic cancer; NBP, nonbiliary pancreatitis;
AP, acute pancreatitis; CP, chronic pancreatitis; AIP, autoimmune pancreatitis; DPC, duodenal papillary carcinoma;
AC, ampullary carcinoma. The biliary tumor group does not include AC.
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Table 3. Correlation analysis between AP, CP, and type 3¢, type 4.

Normal Group Type 3c Type 4a Type 4b Type 4c
AP 94 9 5 4 3
Non-AP 605 20 8 24 6
p 0.014 *# 0.024 *# 0.782 * 0.113*
CP 12 1 2 1 1
Non-CP 687 28 11 27 8
P 0.413 * 0.025 *# 0.402 * 0.154 *

* Fisher’s exact test; * p < 0.05, indicating statistical significance. AP, acute pancreatitis; CP, chronic pancreatitis.

4.4. Comparison of the Sharpness of the Pancreatic Duct System between DECT and
MRCP Images

We observed the low-keV DECT and MRCP images of 854 patients. Two patients with
recurrence after surgical resection of pancreatic neoplasms were excluded, and 852 patients’
low-keV DECT and MRCP images were graded according to the sharpness of the pancreatic
ducts for evaluation. A total of 44 patients had poor quality of either low-keV DECT or
MRCP images, including 32 patients (3.8%, 32/852) with MRCP images Grade 1 and
12 patients (1.4%, 12/852) with low-keV DECT images Grade 1.

Furthermore, some patients had low-keV DECT images of Grade 2 but MRCP images
of Grade 3, which could be diagnosed accurately by complementarity, and vice versa.
Finally, there were 104 patients (12.2%, 104/852) with MRCP images of Grade 2 and
9 patients (1.1%, 9/852) with CT images of Grade 2.

The specific distribution is shown in Table 4.

Table 4. Graded 852 patients” images quality of low-keV DECT and MRCP according to the sharpness
of the pancreatic duct system.

Grade of Subjective Image Quality

Mean Rank * P
G1 G2 G3
Low-keV DECT 12 9 831 909.44 0.05
MRCP 32 104 716 795.56 <U-

* When p < 0.05, the larger the value of mean rank, the closer the variable is to a higher level. In this study, the
higher the grade, the clearer the subjective image. DECT, Dual-energy computed tomography; MRCP, Magnetic
resonance cholangiopancreatography.

In the 852 patients, there was a significant difference between the low-keV DECT and
MRCP images in observing the pancreatic duct system (p < 0.05), and the mean rank of
the former was higher than that of the latter (909.44 > 795.56). Thus, the sharpness of
the pancreatic duct images of low-keV DECT is better than that of MRCP. Figure 6 shows
that the reconstructed DECT images (MIP and MinlP, 45 keV) could show small ADP
(Figure 6a,b), while this was not observed on MRCP (Figure 6c).

5. Discussion

In this study, we explored the pancreatic duct variation observed by low-keV MEI (+)
of DECT and its relationship with related diseases. We found that pancreatic duct variation
is associated with the occurrence and development of AP and CP. In particular, reverse
PD (type 3c) and complete PD (type 4a) have a higher incidence of AP. It is worth noting
that there was an association between DPC and pancreatic duct variation in our study. In
addition, low-keV MEI (+) DECT is an effective method to observe the pancreatic duct
system, and more patients can benefit from it.

5.1. Embryonic Development of the Pancreatic Duct

At approximately seven weeks of pregnancy, the ventral pancreatic bud rotates clock-
wise around the duodenum, merging with the dorsal pancreatic bud, which finally forms
the pancreas [23]. The pancreas drains primarily through the ventral pancreatic duct, which
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enters the duodenum with the common bile duct at the major papilla. The dorsal pancreatic
duct drains into the minor papilla [27].

Under normal circumstances, the main pancreatic duct (WirSong’s duct) runs along
the full length of the pancreas and is connected to the accessory pancreatic duct (Santorini’s
duct) at the head of the pancreas. However, with the growth and development of the body,
APD may experience varying degrees of atrophy or even eventually disappear, which
changes the morphology and drainage position of APD [8,28]. The most common types in
the population are 1 and 3b, which is why they were set as the normal group.

5.2. Special Types of Pancreatic Duct Variation
5.2.1. Pancreas Divisum (Type 4)

PD is the most common anatomical variation type of the pancreatic duct system and is
caused by the failure of ventral and dorsal bud fusion [11,12]. In this study, the morbidity of
type 4 was 6.2%, which is consistent with previous studies that showed rates of 1-8% in the
ERCP examination and 4-14% in the autopsy population [29,30]. The most common type
of PD was type 4b, with only MPD drainage to the MiP, followed by complete PD (type 4a);
incomplete PD (type 4c) accounted for the least. This is not entirely consistent with the
previous research of AnaDugic et al. [6]. One possible reason for this discrepancy is that
some patients have inflammation or space-occupying in the head of the pancreas; thus,
APD can be squeezed by surrounding edema parenchyma or tumor infiltration, which is
an unavoidable influencing factor in the noninvasive examination.

5.2.2. Ansa Pancreatica

Type 5, ansa pancreatica, was first proposed by Dawson and Longman in 1961. This is
a very specific type of pancreatic duct variation that is rarely reported in the literature and is
difficult to observe [31]. Some reports have put the incidence of this type at approximately
0.5-0.9% [32]. Type 5 accounted for 0.7% in our study, in which type 5a was more frequent
than type 5b. Prasanna et al. [33] proposed that the distribution of the two is almost the
same, which differs from our data. Ben Ismail, Imen et al. [32] pointed out that, due to
the oblique connection between WirSong’s duct and Santorini’s duct, insufficient drainage
of the MiP can easily occur, which increases the risk of AP recurrence. However, this
hypothesis has not been confirmed. In the future, secretin-enhanced scans may be required
to reveal fine-grained ADP variation, thereby increasing the accuracy and reliability of
the study.

5.3. Correlation between Pancreatic Duct Variation and Related Diseases
5.3.1. Duodenal Papillary Carcinoma (DPC)

The duodenal papilla is located on the medial wall of the descending duodenum and
is the common opening of the common bile duct and pancreatic duct [34]. Because of the
special anatomical location and physiological functions of the duodenal papilla, DPC is
prone to duct obstruction in the early stage, and the “double duct sign” can be observed on
imaging [35]. Of seven DPC patients in the variant group, there were five patients with
Santorini’s duct as the dominant structure and opening in the MiP. Of the five patients,
only the dorsal duct of the pancreas drained the entire pancreatic secretion to the MiP,
resulting in stasis of pancreatic juice and eventual obstruction of the pancreatic duct. At
the same time, MiP can be stimulated for a long time, which may lead to atypical cell
proliferation and eventually constitute a tumor. In this study, it is surprising that there was
a statistically significant association between the two groups in terms of the DPC, which
further demonstrated our conjecture.

Theoretically, when the pancreatic duct is compressed or eroded by space-occupying
lesions, the obstructed pancreatic juice may activate proteases causing inflammatory
damage [36], especially in those variant types that are mainly drained by the MiP. However,
with the low prevalence of this type of pancreatic duct variation in our study, it is necessary
to further expand the sample size for further research in later studies.
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Moreover, there were five cases of biliary tumors of types 4a and 4b. Although the
pancreatic duct and the bile duct system originate from closely connected structures during
embryonic development [37,38], there was no significant difference in the distribution of
bile duct tumors between the two groups. This is consistent with Seungmin Bang et al. [39],
who noted that there was no statistically significant correlation when examining the rela-
tionship between bile duct disease and pancreatic duct morphology.

5.3.2. Pancreatitis

Kensuke Takuma et al. [27] suggested that complete PD may be the etiology of AP,
CP, and dorsal pancreatic cancer. An important factor of complete PD promoting these
diseases is dorsal pancreatic duct obstruction. We considered that, in type 4, only the
dorsal pancreatic duct drains the pancreatic juice to the MiP. However, the MiP easily
accumulates and stagnates due to the small physiological opening, which may lead to
pancreatitis [40,41]. In this study, there were significant differences between AP (Figure 4),
CP, and complete PD.

In the variant group, the incidence of AP in patients with type 3c was considerably
higher than that in type 3a. Type 3c, also known as “reverse pancreas divisum”, does not
communicate with the MPD but is open to the MiP, while type 3a is the opposite. In type 3c,
there is a “vacuum” area between the MPD and ADP that may not be communicated, while
type 3a cannot be drained directly by the MiP, but most areas can be drained indirectly by
entering the MPD. This may be a reasonable explanation for this phenomenon. Table 4 also
confirms our point of view. The frequency of type 2 was 2.4%, and AP accounted for 26%
of type 2, which may have also been caused by the small orifice of the MiP drainage and
the poor secretion flow [40,41].

Pathophysiologically, pancreatitis would cause dilation of the pancreatic duct, which
can facilitate the drainage of pancreatic juice. The MiP is prone to edema and spasm once
stimulated by inflammation, which leads to the opening being smaller or obstructed. In
patients with pancreatitis and a pancreatic duct variation that drains mainly through the
MiP (types 2, 4) the obstruction of pancreatic juice outflow may be aggravated, which
deserves further observation and research.

Most CP patients experience acute inflammation, which results from a decrease in pan-
creatic exocrine and exocrine function [42]. Lew, Daniel, et al. [43] proposed that pancreatic
duct anatomical variation, especially PD, constitutes one of the causes of recurrent AP and
CP. In this study, there was a significant difference in the distribution of CP between the
normal group and the variant group, and we believe that there is a correlation between CP
and pancreatic duct variation. Pancreatic duct variation may therefore lead to abnormal
drainage of pancreatic fluid and become an influencing factor of primary CP or lead to AP.

In patients with CP, in the presence of a prolonged inflammatory stimulus, the pan-
creatic parenchyma is prone to fibrosis and necrosis, and the pancreatic ducts appear to
narrow, dilate, and distort [44]. It could be different from the changes in the pancreatic duct
and the condition of pancreatic juice drainage in CP patients with pancreatic duct variation,
which needs further research.

Meanwhile, four patients with AIP in this study all appeared in the normal group,
and type 3b was more common. Because of the low incidence, it remains unclear whether
there was a significant difference in its distribution. However, the occurrence of AIP is not
caused by the anatomical variation of the pancreatic duct; rather, the continuous deposition
of autoantibodies is the culprit [45,46]. Therefore, we believe that there is no correlation
between pancreatic duct variation and autoimmune pancreatitis.

5.4. Comparison between Low-keV DECT and MRCP

Catheter and stent implantation through the wrong channel will damage the normal
parenchyma of the pancreas, destroying the outflow channel of pancreatic juice, lead-
ing to the leakage of trypsin and a subsequent high risk of aggravating the patient’s
condition [14,15,47]. Therefore, it is important to evaluate accurately the anatomy and
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opening of the pancreatic ducts before surgery. From another perspective, if the variation
of the pancreatic duct can be found in time during the examination, and if patients can
be informed about the matters needing attention and the corresponding risks before the
occurrence of disease, related diseases can be prevented and clinicians can seek etiology
and treatment to achieve a better long-term prognosis.

In the evaluation of the sharpness of pancreatic duct imaging, we found a significant
difference between low-keV DECT and MRCP images (Table 3). The following reasons
may be the key: First, the pancreatic duct system is not as developed as the bile duct
system and the diameter of the pancreatic duct is smaller. Second, the examination requires
patients to hold their breath so many times that some of them cannot cooperate accurately,
resulting in a blurred image and even an inability to complete the examination. Perhaps
most importantly, the observation of the pancreatic duct by MRCP requires the “cleanliness
and tidiness” of the background plate; that is, the gastrointestinal tract is prepared, and
there is no extensive inflammation or effusion in the abdominal cavity. Otherwise, the
anatomical morphology of the pancreatic duct cannot be accurately observed. In clinical
work, many patients are unable to meet the appropriate observation conditions.

In contrast, the emergence of low-keV DECT improves the contrast of the pancreatic
duct and parenchyma with a lower radiation dose, and also reduces the dose of contrast me-
dia and the burden of renal excretion [21,22]. Moreover, it is not limited to any examination
restrictions of MRCP, and the acceptance and completion of patients are greatly increased.
Furthermore, CT is superior to MR in spatial resolution. The observation of the pancreatic
duct and lesions can be more detailed with low-keV MEI (+) reconstructions. Inevitably,
severe AP, pancreatic steatosis, and serious pancreatic atrophy affect the sharpness of the
pancreatic duct on CT images.

There are some limitations in our study. First, if larger lesions or parenchymal edema
and necrosis masked the anatomy of the pancreatic duct, the evaluation would be severely
limited. MIP and MinIP images reconstructed at 40-50 keV could help to resolve this
problem. Second, there was a certain deviation in the selection of patients because it
was difficult to acquire normal and asymptomatic patients to complete both DECT and
MRCP examinations in clinical work. Third, some types of pancreatic duct variation with
low incidence required larger sample sizes to further analyze the relationship between
those types and related diseases. Finally, our study mainly focused on the pancreatic duct,
ignoring some variations in the bile duct system. However, we believe that the relationship
between pancreatic duct variation and related diseases was accurately evaluated and that
low-keV DECT had certain advantages in observing the pancreatic duct system; other
studies will probably need to be performed to confirm this. Meanwhile, the reconstructed
MEI (+) can be conveniently acquired by a post-processing workstation. Although that puts
forward higher requirements for diagnosticians, it would not bring patients any additional
medical expenses. In our opinion, using this technology when patients have pancreas-
related diseases or are undergoing major biliopancreatic surgery is quite necessary.

6. Conclusions

In conclusion, our study suggested that pancreatic duct variation may be an influenc-
ing factor of AP, CP, and DPC. In the nonbiliary pancreatitis group, the distributions of
PD (type 4) and reverse PD (type 3c) were the most significant. In addition, we found that
low-keV DECT is an effective means to observe the pancreatic duct system.

Author Contributions: Conceptualization, Y.L. and R.Z.; methodology, Y.L., X.H. and G.Y; formal
analysis, Y.L. and R.Z,; investigation, Z.L., D.X. and ]J.Z.; writing—original draft preparation, R.Z.
and Z.L.; writing—review and editing, Y.L. and X.H.; visualization, H.L. and G.Y. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Diagnostics 2023, 13, 520 14 of 16

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Ethics Committee of the First Affiliated Hospital of
Chongqing Medical University (protocol code NO. 2021-176, approval date 22 March 2021).

Informed Consent Statement: The requirement for written informed consent was waived due to the
agreement of the Institutional Ethics Committee.

Data Availability Statement: The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request. The data are not publicly available
due to privacy or ethical concerns.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

DECT = Dual-energy computed tomography; MRCP = Magnetic resonance cholan-
giopancreatography; ERCP = Endoscopic retrograde cholangiopancreatography; AP = acute
pancreatitis; CP = chronic pancreatitis; DPC = duodenal papillary carcinoma; PD = Pan-
creas divisum; MPD = main pancreatic duct; APD = accessory pancreatic duct; MP = major
papilla; MiP = minor duodenal papilla.

References

1.  Lowenfels, A.B.; Sullivan, T.; Fiorianti, J.; Maisonneuve, P. The epidemiology and impact of pancreatic diseases in the United
States. Curr. Gastroenterol. Rep. 2005, 7, 90-95. [CrossRef]

2. Hamada, S.; Masamune, A.; Shimosegawa, T. Transition of early-phase treatment for acute pancreatitis: An analysis of nationwide
epidemiological survey. World . Gastroenterol. 2017, 23, 2826-2831. [CrossRef]

3. Dyba, T.; Randi, G.; Bray, F.; Martos, C.; Giusti, E; Nicholson, N.; Gavin, A.; Flego, M.; Neamtiu, L.; Dimitrova, N.; et al. The
European cancer burden in 2020: Incidence and mortality estimates for 40 countries and 25 major cancers. Eur. J. Cancer 2021,
157, 308-347. [CrossRef] [PubMed]

4. Andersson, R.; Ansari, D.; Sternby, H.; Valdimarsson, V. Acute pancreatitis—Can evidence-based guidelines be transferred to an
optimized comprehensive treatment program? Scand. J. Gastroenterol. 2021, 56, 1220-1221. [CrossRef] [PubMed]

5. Ghadirian, P; Lynch, H.T.; Krewski, D. Epidemiology of pancreatic cancer: An overview. Cancer Detect. Prev. 2003, 27, 87-93.
[CrossRef] [PubMed]

6.  Dugic, A; Nikolic, S.; Miihldorfer, S.; Bulajic, M.; Pozzi Mucelli, R.; Tsolakis, A.V.; Lohr, ].M.; Vujasinovic, M. Clinical importance
of main pancreatic duct variants and possible correlation with pancreatic diseases. Scand. |. Gastroenterol. 2020, 55, 517-527.
[CrossRef]

7. Arsenijevic, T.; Perret, J.; Van Laethem, J.L.; Delporte, C. Aquaporins Involvement in Pancreas Physiology and in Pancreatic
Diseases. Int. J. Mol. Sci. 2019, 20, 5052. [CrossRef] [PubMed]

8. Tadokoro, H.; Takase, M.; Nobukawa, B. Development and congenital anomalies of the pancreas. Anat. Res. Int. 2011, 2011, 351217.
[CrossRef]

9. Vasilescu, A.M.; Andriesi Rusu, D.E; Bradea, C.; Vlad, N.; Lupascu-Ursulescu, C.; Cianga Spiridon, I.A.; Trofin, A.M.; Tarcoveanu,
E.; Lupascu, C.D. Protective or Risk Factors for Postoperative Pancreatic Fistulas in Malignant Pathology. Life 2021, 11, 1216.
[CrossRef]

10. Kandikattu, H.K.; Venkateshaiah, S.U.; Mishra, A. Chronic Pancreatitis and the Development of Pancreatic Cancer. Endocr. Metab.
Immune Disord. Drug Targets 2020, 20, 1182-1210. [CrossRef]

11. Walkowska, J.; Zielinska, N.; Karauda, P.; Tubbs, R.S.; Kurtys, K.; Olewnik, L. The Pancreas and Known Factors of Acute
Pancreatitis. J. Clin. Med. 2022, 11, 5565. [CrossRef] [PubMed]

12.  DiMagno, M.].; Wamsteker, E.J. Pancreas divisum. Curr. Gastroenterol. Rep. 2011, 13, 150-156. [CrossRef] [PubMed]

13. Gutta, A.; Fogel, E.; Sherman, S. Identification and management of pancreas divisum. Expert Rev. Gastroenterol. Hepatol. 2019,
13, 1089-1105. [CrossRef]

14. Swensson, ].; Zaheer, A.; Conwell, D.; Sandrasegaran, K.; Manfredi, R.; Tirkes, T. Secretin-Enhanced MRCP: How and Why-AJR
Expert Panel Narrative Review. AJR. Am. ]. Roentgenol. 2021, 216, 1139-1149. [CrossRef]

15. Ribeiro, B.J.; Alves, AM.A.; de Oliveira, R.S.; Velloni, F.; D’Ippolito, G. The role of gadoxetic acid-enhanced magnetic resonance
cholangiography in the evaluation of postoperative bile duct injury: Pictorial essay. Radiol. Bras. 2019, 52, 403—407. [CrossRef]
[PubMed]

16. Khuri, S.; Kluger, Y. Kluri Anomaly: Newly Introduced Pancreatic Duct Anomaly. J. Med. Cases 2022, 13, 509-512. [CrossRef]

17. Li, X,; Duan, R;; He, Y.; Qin, J.; Liu, R.; Dai, S.; Zhou, J.; Zeng, X.; Duan, J.; Gao, P; et al. Application of three-dimensional

visualization technology in the anatomical variations of hilar bile ducts in Chinese population. Front. Surg. 2022, 9, 934183.
[CrossRef] [PubMed]


http://doi.org/10.1007/s11894-005-0045-6
http://doi.org/10.3748/wjg.v23.i16.2826
http://doi.org/10.1016/j.ejca.2021.07.039
http://www.ncbi.nlm.nih.gov/pubmed/34560371
http://doi.org/10.1080/00365521.2021.1953577
http://www.ncbi.nlm.nih.gov/pubmed/34329565
http://doi.org/10.1016/S0361-090X(03)00002-3
http://www.ncbi.nlm.nih.gov/pubmed/12670518
http://doi.org/10.1080/00365521.2020.1760345
http://doi.org/10.3390/ijms20205052
http://www.ncbi.nlm.nih.gov/pubmed/31614661
http://doi.org/10.1155/2011/351217
http://doi.org/10.3390/life11111216
http://doi.org/10.2174/1871530320666200423095700
http://doi.org/10.3390/jcm11195565
http://www.ncbi.nlm.nih.gov/pubmed/36233433
http://doi.org/10.1007/s11894-010-0170-8
http://www.ncbi.nlm.nih.gov/pubmed/21222060
http://doi.org/10.1080/17474124.2019.1685871
http://doi.org/10.2214/AJR.20.24857
http://doi.org/10.1590/0100-3984.2018.0089
http://www.ncbi.nlm.nih.gov/pubmed/32047335
http://doi.org/10.14740/jmc4012
http://doi.org/10.3389/fsurg.2022.934183
http://www.ncbi.nlm.nih.gov/pubmed/35983555

Diagnostics 2023, 13, 520 15 of 16

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Gonoi, W.; Akai, H.; Hagiwara, K.; Akahane, M.; Hayashi, N.; Maeda, E.; Yoshikawa, T.; Kiryu, S.; Tada, M.; Uno, K; et al.
Meandering main pancreatic duct as a relevant factor to the onset of idiopathic recurrent acute pancreatitis. PLoS ONE 2012,
7,€e37652. [CrossRef]

Koizumi, M.; Takada, T.; Kawarada, Y.; Hirata, K.; Mayumi, T.; Yoshida, M.; Sekimoto, M.; Hirota, M.; Kimura, Y.; Takeda, K.; et al.
JPN Guidelines for the management of acute pancreatitis: Diagnostic criteria for acute pancreatitis. J. Hepato-Biliary-Pancreat.
Surg. 2006, 13, 25-32. [CrossRef]

Turkvatan, A.; Erden, A.; Tiirkoglu, M.A.; Yener, 0. Congenital variants and anomalies of the pancreas and pancreatic duct:
Imaging by magnetic resonance cholangiopancreaticography and multidetector computed tomography. Korean J. Radiol. 2013,
14, 905-913. [CrossRef]

Wichmann, J.L.; Hardie, A.D.; Schoepf, U.J.; Felmly, L.M.; Perry, ].D.; Varga-Szemes, A.; Mangold, S.; Caruso, D.; Canstein, C.;
Vogl, T].; et al. Single- and dual-energy CT of the abdomen: Comparison of radiation dose and image quality of 2nd and 3rd
generation dual-source CT. Eur. Radiol. 2017, 27, 642—-650. [CrossRef] [PubMed]

Beer, L.; Toepker, M.; Ba-Ssalamah, A.; Schestak, C.; Dutschke, A.; Schindl, M.; Wressnegger, A.; Ringl, H.; Apfaltrer, P. Objective
and subjective comparison of virtual monoenergetic vs. polychromatic images in patients with pancreatic ductal adenocarcinoma.
Eur. Radiol. 2019, 29, 3617-3625. [CrossRef]

Covantsev, S.; Chicu, C.; Mazuruc, N.; Belic, O. Pancreatic ductal anatomy: More than meets the eye. Surg. Radiol. Anat. SRA
2022, 44, 1231-1238. [CrossRef] [PubMed]

Liang, HW.; Zhou, Y.; Zhang, Z.W.; Yan, G.W.; Du, S.L.; Zhang, X.H,; Li, X.Y.; Lv, E].; Zheng, Q.; Li, YM. Dual-energy CT with
virtual monoenergetic images to improve the visualization of pancreatic supplying arteries: The normal anatomy and variations.
Insights Imaging 2022, 13, 21. [CrossRef] [PubMed]

Yoon, J.H.; Chang, W.; Lee, E.S.; Lee, S.M.; Lee, ]. M. Double Low-Dose Dual-Energy Liver CT in Patients at High-Risk of HCC: A
Prospective, Randomized, Single-Center Study. Investig. Radiol. 2020, 55, 340-348. [CrossRef]

Wang, D.B.; Yu, J.; Fulcher, A.S.; Turner, M.A. Pancreatitis in patients with pancreas divisum: Imaging features at MRI and MRCP.
World . Gastroenterol. 2013, 19, 4907—4916. [CrossRef]

Takuma, K.; Kamisawa, T.; Tabata, T.; Egawa, N.; Igarashi, Y. Pancreatic diseases associated with pancreas divisum. Dig. Surg.
2010, 27, 144-148. [CrossRef]

Ludwig, K.; Santoro, L.; Ingravallo, G.; Cazzato, G.; Giacometti, C.; Dall'Igna, P. Congenital anomalies of the gastrointestinal tract:
The liver, extrahepatic biliary tree and pancreas. Pathologica 2022, 114, 55-63. [CrossRef]

Yu, J.; Turner, M.A_; Fulcher, A.S.; Halvorsen, R.A. Congenital anomalies and normal variants of the pancreaticobiliary tract and
the pancreas in adults: Part 2, Pancreatic duct and pancreas. AJR. Am. ]. Roentgenol. 2006, 187, 1544-1553. [CrossRef]

Girsoy Coruh, A.; Glilpinar, B.; Bas, H.; Erden, A. Frequency of bile duct confluence variations in subjects with pancreas divisum:
An analysis of MRCP findings. Diagn. Interv. Radiol. 2018, 24, 72-76. [CrossRef]

DAWSON, W.; LANGMAN, J. An anatomical-radiological study on the pancreatic duct pattern in man. Anat. Rec. 1961,
139, 59-68. [CrossRef] [PubMed]

Ben Ismail, I; Rebii, S.; Zenaidi, H.; Zoghlami, A. Acute pancreatitis secondary to ansa pancreatica: Two new cases and review of
the literature. Clin. Case Rep. 2022, 10, e05381. [CrossRef] [PubMed]

Prasanna, L.C.; Rajagopal, K.V.; Thomas, H.R.; Bhat, K.M. Accessory pancreatic duct patterns and their clinical implications.
J. Clin. Diagn. Res. JCDR 2015, 9, AC05-AC7. [CrossRef]

Berry, R.; Han, ].Y.; Tabibian, J.H. Difficult biliary cannulation: Historical perspective, practical updates, and guide for the
endoscopist. World ]. Gastrointest. Endosc. 2019, 11, 5-21. [CrossRef]

Lian, PL.; Chang, Y.; Xu, X.C.; Zhao, Z.; Wang, X.Q.; Xu, K.S. Pancreaticoduodenectomy for duodenal papilla carcinoma: A
single-centre 9-year retrospective study of 112 patients with long-term follow-up. World J. Gastroenterol. 2017, 23, 5579-5588.
[CrossRef]

Sugimoto, M.; Takagi, T.; Suzuki, R.; Konno, N.; Asama, H.; Sato, Y.; Irie, H.; Watanabe, K.; Nakamura, J.; Kikuchi, H.; et al.
Pancreatic stents for the prevention of post-endoscopic retrograde cholangiopancreatography pancreatitis should be inserted up
to the pancreatic body or tail. World ]. Gastroenterol. 2018, 24, 2392-2399. [CrossRef] [PubMed]

Roskams, T.; Desmet, V. Embryology of extra- and intrahepatic bile ducts, the ductal plate. Anat. Rec. 2008, 291, 628-635.
[CrossRef] [PubMed]

Tan, C.E.; Moscoso, G.J. The developing human biliary system at the porta hepatis level between 29 days and 8 weeks of gestation:
A way to understanding biliary atresia. Part 1. Pathol. Int. 1994, 44, 587-599. [CrossRef]

Bang, S.; Suh, J.H.; Park, B.K,; Park, S.W.; Song, S.Y.; Chung, J.B. The relationship of anatomic variation of pancreatic ductal
system and pancreaticobiliary diseases. Yonsei Med. ]. 2006, 47, 243-248. [CrossRef]

Coulier, B. Pancreatic Lipomatosis: An Extensive Pictorial Review. J. Belg. Soc. Radiol. 2016, 100, 39. [CrossRef]

Nishi, T.; Kawabata, Y.; Ishikawa, N.; Araki, A.; Yano, S.; Maruyama, R.; Tajima, Y. Intraductal papillary mucinous carcinoma
of the pancreas associated with pancreas divisum: A case report and review of the literature. BMC Gastroenterol. 2015, 15, 78.
[CrossRef]

Ehlers, L.; Bannert, K.; Rohde, S.; Berlin, P; Reiner, J.; Wiese, M.; Doller, J.; Lerch, M.M.; Aghdassi, A.A.; Meyer, E; et al. Preclinical
insights into the gut-skeletal muscle axis in chronic gastrointestinal diseases. J. Cell. Mol. Med. 2020, 24, 8304-8314. [CrossRef]
[PubMed]


http://doi.org/10.1371/journal.pone.0037652
http://doi.org/10.1007/s00534-005-1048-2
http://doi.org/10.3348/kjr.2013.14.6.905
http://doi.org/10.1007/s00330-016-4383-6
http://www.ncbi.nlm.nih.gov/pubmed/27165140
http://doi.org/10.1007/s00330-019-06116-9
http://doi.org/10.1007/s00276-022-03002-w
http://www.ncbi.nlm.nih.gov/pubmed/35986117
http://doi.org/10.1186/s13244-022-01157-z
http://www.ncbi.nlm.nih.gov/pubmed/35122162
http://doi.org/10.1097/RLI.0000000000000643
http://doi.org/10.3748/wjg.v19.i30.4907
http://doi.org/10.1159/000286975
http://doi.org/10.32074/1591-951X-709
http://doi.org/10.2214/AJR.05.0774
http://doi.org/10.5152/dir.2018.17200
http://doi.org/10.1002/ar.1091390109
http://www.ncbi.nlm.nih.gov/pubmed/14025604
http://doi.org/10.1002/ccr3.5381
http://www.ncbi.nlm.nih.gov/pubmed/35136610
http://doi.org/10.7860/JCDR/2015/11539.5660
http://doi.org/10.4253/wjge.v11.i1.5
http://doi.org/10.3748/wjg.v23.i30.5579
http://doi.org/10.3748/wjg.v24.i22.2392
http://www.ncbi.nlm.nih.gov/pubmed/29904246
http://doi.org/10.1002/ar.20710
http://www.ncbi.nlm.nih.gov/pubmed/18484608
http://doi.org/10.1111/j.1440-1827.1994.tb01719.x
http://doi.org/10.3349/ymj.2006.47.2.243
http://doi.org/10.5334/jbr-btr.1014
http://doi.org/10.1186/s12876-015-0313-3
http://doi.org/10.1111/jcmm.15554
http://www.ncbi.nlm.nih.gov/pubmed/32628812

Diagnostics 2023, 13, 520 16 of 16

43.

44.

45.

46.
47.

Lew, D.; Afghani, E.; Pandol, S. Chronic Pancreatitis: Current Status and Challenges for Prevention and Treatment. Dig. Dis. Sci.
2017, 62, 1702-1712. [CrossRef] [PubMed]

Wilcox, C.M.; Yadav, D.; Ye, T.; Gardner, T.B.; Gelrud, A.; Sandhu, B.S.; Lewis, M.D.; Al-Kaade, S.; Cote, G.A.; Forsmark, C.E.; et al.
Chronic pancreatitis pain pattern and severity are independent of abdominal imaging findings. Clin. Gastroenterol. Hepatol. 2015,
13, 552-560. [CrossRef]

Okazaki, K.; Kawa, S.; Kamisawa, T.; Ikeura, T.; Itoi, T.; Ito, T.; Inui, K.; Irisawa, A.; Uchida, K.; Ohara, H.; et al. Amendment of
the Japanese consensus guidelines for autoimmune pancreatitis, 2020. J. Gastroenterol. 2022, 57, 225-245. [CrossRef]

Masood, M. Autoimmune pancreatitis: What we know so far. [GH Open 2021, 6, 3-10. [CrossRef] [PubMed]

Shaygan-Nejad, A.; Masjedizadeh, A.R.; Ghavidel, A.; Ghojazadeh, M.; Khoshbaten, M. Aggressive hydration with Lactated
Ringer’s solution as the prophylactic intervention for postendoscopic retrograde cholangiopancreatography pancreatitis: A
randomized controlled double-blind clinical trial. ]. Res. Med. Sci. Off. ]. Isfahan Univ. Med. Sci. 2015, 20, 838-843. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1007/s10620-017-4602-2
http://www.ncbi.nlm.nih.gov/pubmed/28501969
http://doi.org/10.1016/j.cgh.2014.10.015
http://doi.org/10.1007/s00535-022-01857-9
http://doi.org/10.1002/jgh3.12688
http://www.ncbi.nlm.nih.gov/pubmed/35071782
http://doi.org/10.4103/1735-1995.170597

	Introduction 
	Materials and Methods 
	Subjects 
	Imaging Analysis—Anatomical Classification of Pancreatic Ducts and Related Disease Grouping 

	Imaging Technology 
	Enhanced Dual-Energy CT 
	MRCP 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Frequency of Pancreatic Duct Variation 
	Distribution of Pancreas-Related Diseases in the Normal and Variant Groups 
	Comparison of the Sharpness of the Pancreatic Duct System between DECT and MRCP Images 

	Discussion 
	Embryonic Development of the Pancreatic Duct 
	Special Types of Pancreatic Duct Variation 
	Pancreas Divisum (Type 4) 
	Ansa Pancreatica 

	Correlation between Pancreatic Duct Variation and Related Diseases 
	Duodenal Papillary Carcinoma (DPC) 
	Pancreatitis 

	Comparison between Low-keV DECT and MRCP 

	Conclusions 
	References

