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Abstract
Objective  The aim of this study was to compare the application of a three-dimensional (3D) visualization technique and 
magnetic resonance cholangiopancreatography (MRCP) for diagnosis of pediatric congenital choledochal cysts.
Methods  Thin slices of coronal heavily T2-weighted pulse sequences of MRI pertaining to 35 patients were retrospectively 
used to reconstruct 3D models. Diagnoses and variants of the biliary system were evaluated based on the 3D models and 
MRCP imaging. The quality of delineation of the biliary duct system and the Todani classification were evaluated. Wilcoxon 
and Chi-squared tests were used for statistical analysis.
Results  Two cases that were diagnosed as type II congenital choledochal cysts using the 3D model were diagnosed as type 
I using MRCP imaging. Significant differences were observed between the two modalities with respect to the delineation of 
the right anterior bile duct, right posterior bile duct, and left hepatic duct. The excellent and good rates obtained with the 3D 
model (65.7%) were much better than that obtained with MRCP (37.1%) imaging. Two cases with accessory hepatic ducts 
(5.7%), one case with an accessory pancreatic duct (2.8%), and two cases with biliary strictures at the hepatic hilum (5.7%) 
were detected using the 3D models. In contrast, only one case with an accessory hepatic duct and one case with a biliary 
stricture at the hepatic hilum were detected using MRCP.
Conclusion  The 3D visualization technique facilitated more precise morphological evaluation of congenital choledochal 
cysts and provided comprehensive spatial anatomic information for diagnosis.
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Introduction

Pediatric congenital choledochal cyst (CC) is a common 
malformation of the biliary tract. The estimated incidence 
in Asian children is 1:1000 [1]. Several imaging modali-
ties are used for diagnosis of CC such as ultrasonogra-
phy, computed tomography (CT), magnetic resonance 

cholangiopancreatography (MRCP), endoscopic retrograde 
cholangiopancreatography (ERCP), and intraoperative chol-
angiopancreatography (IOC) [2–6]. MRCP is the modality-
of-choice for radiologic diagnosis owing to its noninvasive 
nature and lack of radiation exposure [7, 8]; however, MRCP 
images are obtained using the maximum intensity projec-
tion (MIP) technique, which is a two-dimensional imaging 
method. In addition, it may result in an inaccurate diagnosis 
due to overlapping variant anatomy, torsion, or adhesion of 
the ducts [9, 10]. Furthermore, MRCP imaging is prone to 
false-negative results when used without a source coronal 
or axial imaging evaluation. This limitation is even more 
pronounced in the hands of inexperienced radiologists or 
clinicians.

Three-dimensional (3D) visualization is a modern com-
puter-aided surgical technique that converts CT or MRI data 
into a 3D model using procedural imaging operations. The 
rendered model can facilitate surgical planning by providing 
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in-depth delineation of the pathological anatomy [11–13]. 
MRCP imaging is based on the apparent grayscale contrast 
between static liquid and the surrounding tissues using 
slices obtained from heavily T2-weighted pulse sequences 
[8]. Theoretically, it is feasible to perform 3D visualization 
using the imaging threshold and segmentation. In the present 
study, we applied the 3D visualization technique to convert 
the slice source data for CCs into 3D models to provide an 
advanced evaluation of the anatomy of the biliary system.

Materials and methods

Clinical data

This study was approved by the Ethics Committee of the 
Xin Hua Hospital Affiliated to the Shanghai Jiao Tong 
University School of Medicine (approval number: XHEC-
D-2020-113) and Ethics Committee of the Jiaxing Maternity 
and Child Health Care Hospital affiliated to the Jiaxing Col-
lege (approval number: 2019-88). The authors reviewed the 
MRCP data of CCs diagnosed during the period 2013–2017. 
The exclusion criteria were: (1) history of previous biliary 
surgery; (2) low-quality imaging; and (3) lack of coronal 
source data. After applying these exclusion criteria, data 
pertaining to 35 patients were included in the study. The 
clinical data are shown in Table 1.

Equipment and the MRCP protocol

The MRCP protocol was performed using a 1.5T scanner 
with 8-channel body surface array coils and a respiratory 
trigger (UIH, uMR560; United Imaging Medical Technol-
ogy, Inc., Shanghai, China). The MRCP protocol included 
the following routine sequences: (1) 3D T2-weighted fast 
spin-echo (FSE) with fat suppression in the coronal plane 
(repetition time [TR], 2000–3490  ms; echo time [TE], 
700–900 ms; field of view [FOV], 250 × 250 mm; matrix, 

256 × 256; and slice thickness, 1.0 mm with a 0.8 mm gap); 
and (2) single-shot FSE radial slices in the coronal plane 
(TR, 5764 ms; TE, 740 ms; FOV, 250–380 mm; matrix, 
320 × 320; and slice thickness, 30–40 mm). The slices were 
acquired with the patient holding their breath (for older 
children) and during the shallower phase of respiration (in 
younger children). Gadolinium-based contrast medium and 
secretin were not administered. The post-processing imaging 
technique for MIP was applied for presentation.

3D visualization technique and equipment

The 3D visualization technique was performed using 3D 
software (MIMICS 20.0; Materialize, HQ, Leuven, Bel-
gium). First, the source data were imported into the soft-
ware and converted into a project file. Second, appropriate 
thresholding was applied for mask building. Third, region 
growing, morphologic operations, and imaging editing were 
combined for advanced image segmentation. Finally, the 3D 
visualization model was calculated from the mask.

The 3D visualization model and MRCP imaging 
evaluation

The 3D visualization model and MRCP images were 
acquired independently after the blinding of clinical infor-
mation. The 3D visualization model and MRCP images were 
evaluated by a senior pediatric radiologist with 3 years of 
abdominal MRI experience and a senior pediatric surgeon 
with 3 years of biliary surgery experience. Any differences 
in interpretation were resolved by consensus. The Todani 
classification was used for diagnosis with both methods [14]. 
The Papanikolaou and Lim methods were used to evaluate 
the quality of delineation of biliary tract [15, 16], while the 
anatomical variations in the biliary system were assessed 
using the Couinaud and Komi classifications [17, 18]. Pan-
creato-biliary junction malformations (PBMs) were identi-
fied as a long common channel with a length > 15 mm. Ana-
tomic variations, such as accessory pancreatic duct (APD), 
accessory hepatic duct (AHD), and biliary strictures (BSs) 
at the hepatic hilum, were investigated. BS was defined as a 
change in diameter between the dilated biliary duct on the 
liver side and the duct on the duodenal side.

Statistical analysis

Statistical analysis was performed using SPSS 18.0 software 
(IBM, Inc., Chicago, IL, USA). The two-sided Wilcoxon’s 
test was used to compare bile duct evaluation and imag-
ing quality. The variation rate was compared using the Chi-
squared test. P values ≤ 0.05 were considered indicative of 
statistical significance.

Table 1   General clinical data

Variables Data

Sex (n) Boys: 8; girls: 27
Age Mean age: 3.05 years; 

range: 2 months to 10 
years

Todani classification
 Type I 31
 Type II 0
 Type III 0
 Type IV 4
 Type V 0
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Results

Comparison of the results of Todani classification

The 3D visualization model distinctly delineated the mor-
phology of cysts and the biliary system. Moreover, it pro-
vided in-depth delineation of the proximal and distal var-
iations, the left and right segments of the ducts, and the 
portion of the bile duct. The results of the Todani classifica-
tion are shown in Table 2. Few differences were observed 
in the diagnosis using the two methods. Two cases were 
diagnosed as type I congenital CCs with MRCP imaging 
and as type II using the 3D visualization model (Figs. 1, 2). 
There was no significant difference between the two imaging 
modalities in this respect (χ2 = 1.034, P = 0.793).

Comparison of imaging quality

There was no significant difference with respect to the 
image quality of the common bile duct (CBD) and third 
bile duct based on the Papanikolaou method (P = 1.000 
and P = 0.063, respectively). Visualization of the right 
anterior (RA) bile, right posterior (RP) bile, and left (L) 
hepatic ducts in the 3D model was significantly better than 
that in MRCP images (P = 0.000, P = 0.000, and P = 0.007, 
respectively). According to the Lim method for evaluat-
ing image quality, the excellent and good rates with the 
3D visualization model (65.7% [23/35]) were significantly 
higher than that with MRCP images (37.1% [13/35]; 
χ2 = 5.719, P = 0.017).

Table 2   Results of the Todani 
classification

χ2 = 1.034; P = 0.793

I II III IV V Total

3D 29 2 0 4 0 35
MRCP 31 0 0 4 0 35

Fig. 1   Eight-year-old girl. She was diagnosed as a case of type 1 con-
genital CC with MRCP (a, c) and as type II CC with the 3D model 
(e, b, d, f). The 3D model clearly delineated the cyst morphology, its 

relationship with adjacent structures, and the confluence of the neck 
of the gallbladder with the diverticulum of the CC (＃ indicates the 
gallbladder; ※ indicates the CC; * indicates the diverticulum)
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Comparison of the proximal region using 
the Couinaud classification

The proximal variations primarily included the bile and 
aberrant ducts. According to the Couinaud classification, 
29, three, one, and two cases were classified as type A, B, 
C, and D choledochal cysts, respectively, in the 3D visuali-
zation model with a variation rate of 17.1% (6/35). In the 
MRCP group, 30, three, one, and one cases were classified 
as type A, B, C, and D choledochal cysts, respectively, 
with a variation rate of 14.3% (5/35). The results of the 
statistical comparisons are presented in Table 3. There 

was no significant between-group difference in this respect 
(χ2 = 0.235, P = 0.095) (Figs. 3, 4).

Comparison of PBM with Komi classification

Based on the 3D visualization model, there were 4, 10, and 
1 cases of type A, B, and C choledochal cysts, respectively. 
Based on the MRCP images, there were 3 and 9 cases of type 
A and B choledochal cysts, respectively. There was no sig-
nificant between-group difference in this respect (Table 4). 
The 3D visualizations of the Komi classification are shown 
in Fig. 5.

Visualization rates of rare malformations

The visualization rates for APD, AHD, and BS are shown in 
Table 5. There was no significant difference between the two 
methods in this respect (APD, χ2 = 1.014, P = 0.314; AHD, 
χ2 = 0.348, P = 0.555; BS, χ2 = 2.059, P = 0.151). The 3D 
visualization model provided more clear delineation of the 
rare malformations compared with MRCP imaging (Fig. 6).

Fig. 2   Two-year-old girl. She was diagnosed as a case of type II con-
genital CC using the 3D model method (b, d, f) and as a suspected 
case of type II congenital CC using MRCP (a, c, e). Images presented 
a clear morphology, the level of location of the CC, and its relation-

ship with the adjacent structures, such as the gallbladder neck, com-
mon bile duct, and distal part of the duct (＃ indicates the gallblad-
der; * indicates a diverticulum)

Table 3   Proximal variations as assessed by the Couinaud classifica-
tion

χ2 = 0. 0.235; P = 0.095

A B C D Total

3D 29 3 1 2 17.1% (6/35)
MRCP 30 3 1 1 14.3% (5/35)
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Discussion

The pathological anatomy of pediatric CCs is complex, con-
sidering the intra- and extra-biliary ducts, gallbladder, and 
each of the connecting regions. Lack of a definitive surgical 
plan is liable to increase the surgical risk and complications 
[18–21]. MRCP imaging is a noninvasive technique that uses 
a heavily T2 sequence pulse; it is the preferred method for 
delineating the anatomy of the biliary duct instead of CT 
[6, 22]. Many techniques, including gradient echo (GRE), 
fast spin echo (FSE), respiratory-trigger, 3D volume render-
ing, MIP, and many different coils, have been developed to 
improve the imaging quality. The MIP imaging quality is 
similar to that of ECRP and is widely used by clinicians 
due to the acquisition of isotropic source data from the 3D 
MRCP and the high signal-to-noise ratio [3]; however, the 
MIP technique has several limitations. The first limita-
tion is the high rate of false-negative results because it is a 
post-processing imaging technique and liable to miss small 
stones or structures located outside the duct. Furthermore, 
MIP imaging is a two-dimensional technique and adhesions 
or torsion of the duct may lead to false-positive diagnosis 
of stricture. Thus, the acquisition of detailed information 

of biliary structures is a key imperative to create a precise 
surgical plan and reduce post-surgical complications.

In the present study, most of the Todani classification 
results were similar between the 3D model and the MRCP 
imaging; however, some differences in the classification 
were observed with the MRCP imaging. One patient had a 
cyst protruding from the right middle aspect of the CBD and 
there was a confluence of the gallbladder duct with the distal 
part of the CBD; this patient was diagnosed as a type I CC 
with MRCP and as type II CC with the 3D model. Another 
case was diagnosed as type II CC with the 3D model which 
showed the protrusion of the structural cyst from the right 
posterior aspect of the CBD and confluence of the gallblad-
der duct with the proximal part of the cyst. Accordingly, the 
gallbladder was pushed and moved forward. These patho-
logical changes were missed on MRCP imaging due to the 
overlapping structures leading to misdiagnosis.

The 3D visualization technique is a new method that con-
verts the gray images into 3D models using interactive imag-
ing processing. In the present study, the source data from the 
MRCP images were adequate for the reconstruction of 3D 
visualization models. The 3D model allowed detailed visu-
alization of the morphology from each position; however, 

Fig. 3   Eighteen-month-old girl. a, c, e were classified as type B CC 
trifurcation based on the MRCP method; b, d, f were classified as 
RP confluence into the CC from the posterior side. RA right anterior 

duct, RP right posterior duct, L left hepatic duct, ＃ indicates the gall-
bladder, * indicates CC
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this technique is based on post-processing of the source data. 
Therefore, it can miss some of the primary data resulting in 
distortion of the 3D model. In this study, the rate of excellent 
classification using the 3D model (62.8%) was considerably 
higher than that for MRCP imaging (37.1%) due to the intui-
tive presentation and detail of the 3D visualization model.

There was no discernible difference between the two 
methods with respect to the delineation of the CBD and 
third-level branches of ducts because of the high-quality 
source data and the similarities of the biliary system anat-
omy, which can result in correct segmentation and imaging 
editing; however, the 3D visualization model afforded better 
delineation of the RA bile duct, RP bile duct, and L hepatic 
duct as compared to MRCP images. The 3D model clearly 
showed the confluence of each duct while the overlapping 
structures and variations in the biliary duct obscured the 
confluence in MRCP images.

The biliary tree is divided into three parts (proximal part, 
the level of the cyst, and the distal part), keeping in mind 
the limitations of the descriptions in the Todani classifica-
tion for the entire biliary duct pathology and exact varia-
tions. The proximal variations included variations of the left 
and right hepatic ducts, the gallbladder confluence, and the 
AHD. Lal [21] reviewed 117 MRCP imaging data sets of 
pediatric CCs. Of these, 17 cases (14.5%) exhibited proximal 
variations [21]. The variation rates for MRCP imaging and 
one of the 3D visualization models was 4.3% and 17.1%, 
respectively; however, the between-group difference in this 
respect was not statistically significant. Nevertheless, the 3D 
visualization models clearly showed the variations (espe-
cially in the hepatic duct and right biliary duct) as well as 
the confluence.

Moreover, hepatic BSs and the presence of AHD are 
essential considerations in the pre-surgical plan. Neglect-
ing the BSs may lead to postoperative cholangitis, hepa-
tolithiasis, or carcinogenesis [23, 24]. Saito et  al. [4] 
reported BSs in MRCP images of 6 out of 117 cases of 
pediatric CC, which was in agreement with our results 
(2/35 [5.7%]). Using the 3D visualization model, we meas-
ured the stricture parameters and analyzed the relation-
ship of the BS with the adjacent structures, providing a 
detailed reference for bile duct-plasty. Furthermore, two 

Fig. 4   Three-year-old girl. a, c, e Were diagnosed as type A CC by MRCP and as type B CC trifurcation by the 3D model in b, d, f. RA right 
anterior duct, RP right posterior duct, L left hepatic duct, ＃ indicates the gallbladder, * indicates the CC

Table 4   Comparison of the distal region using the Komi classification

χ2 = 0.873; P = 0.646

A B C Total

3D 4/35 10/35 1/35 42.8% (15/35)
MRCP 3/35 9/35 0/35 34.3% (12/35)
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cases of ABDs were detected using the 3D visualization 
model. The results showed that the ABDs were similar to 
other studies, as indicated by IOC. In our study, AHD was 
missed in one case on MRCP imaging because the AHD 
was short and flowed into the CBD from the left side, 
which was covered by the cyst and confirmed with IOC.

The distal variation, known as PBM, also greatly influ-
ences the surgical protocol. Correct identification of the 
variation type can help avoid injury to the pancreatic 
duct. In the study by Saito et al. [4], 57% of 45 patients 
with CCs had concomitant PBM. In this study, the rate 
detected by the 3D visualization model (42.8%) was better 
than that detected with MRCP imaging (34.3%). The 3D 

visualization model identified the type of PBM, the conflu-
ence, and the length of the pancreatic duct.

There were several limitations to this study. Although the 
3D visualization technique reveals the morphology of the 
pathologic changes, 3D visualization utilizes serial image 
processing, which can influence the accuracy and the quality 
of the derived model without using the source data; however, 
high-quality source data and an experienced technologist can 
construct a high-quality model to make up for the loss of 
information. Thus, good communication with the radiologist 
is essential to provide instructions for scanning before the 
application of images in clinical practice.

Conclusion

The 3D visualization technique helped overcome the limi-
tations of MRCP imaging by providing more in-depth 
information about the anatomy and structural variations. 
Therefore, 3D visualization represents a useful modality for 
the diagnosis of pediatric CCs and assessment of biliary 
variations.

Fig. 5   The 3D model depiction of the Komi classification. b was 
classified as a type A CC using the 3D visualization model, but not 
with the corresponding MRCP images. a, d was identified as a type B 
CC using the 3D visualization model compared to the obscure result 

demonstrated with MRCP imaging, which is presented in c. f was 
also diagnosed as a type C choledochal cyst (complicated), but this 
was not validated in the MRCP imaging results presented in e 

Table 5   Visualization rates for rare malformations

APD, χ2 = 1.014, P = 0.314; AHD, χ2 = 0.348, P = 0.555; BS, 
s2 = 2.059, P = 0.151

APD AHD BS

3D 1 (2.8%) 2 (5.7%) 2 (5.7%)
MRCP 0 1 (2.8%) 0
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