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ABSTRACT

Background and study aims Conventional endoscopic
retrograde cholangiopancreatography (ERCP) is hampered

by two-dimensional visualization, post-procedural adverse
events (AEs), and exposure to ionizing radiation. Bimodal
ERCP might mitigate these challenges, but no reports of its
use are available to date. The aim of this study was to ex-
plore the feasibility of bimodal ERCP, while investigating its
potential clinical yield.

Patients and methods This was a retrospective observa-
tional study of patients that underwent bimodal ERCP in a
single tertiary academic referral center. Thirteen patients
undergoing conventional ERCP had a previously T2-weight-
ed isotropic 3D TSE MRCP sequence aligned and fused with
the two-dimensional image generated from the fluorosco-
py c-arm unit in real time.

Results Over a 2-month period, 13 patients with a mean
age of 54 underwent bimodal ERCP for bile duct stricture
(61.5%), complex cholelithiasis (7.7 %) and ductal leakage
(30.1%). Bimodal ERCP was feasible in all 13 cases, and im-
age quality was assessed as “good” in 11 patients (84.6%).
Bimodal ERCP aided in visualizing the lesion of interest
(76.9%), assisted in understanding the 3D anatomy of the
biliopancreatic ductal system (61.5%), and aided in finding
a favorable position for the c-arm (38.4%) for subsequent
therapeutic intervention.

Conclusions This first report on bimodal ERCP proves its
feasibility and suggests that it may assist in increasing
both the diagnostic and therapeutic yield of ERCP, while at
the same time decreasing AEs during and after ERCP. Its
main application might lie in treatment of complex intrahe-
patic disease.

Introduction

Biliary diagnostics and therapeutics are evolving as technology
advances. Magnetic resonance imaging (MRI) allows for de-
tailed three-dimensional (3D) biliary anatomical reconstruc-
tion, while sparing the patient ionizing radiation and iodinated
contrast medium exposure. It has become the investigation of
choice for non-invasive diagnosis of biliary pathology [1-4].
Although endoscopic retrograde cholangiopancreatography
(ERCP) carries a 5% to 10 % risk of adverse events (AEs), it allows
for tissue acquisition and therapeutic intervention, often ob-
viating the need for more invasive options. It has been estab-
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lished as the minimally invasive access of choice when consider-
ing biliary intervention in many instances [5-7].

Conventional ERCP is guided by two-dimensional (2D)
fluoroscopic images where contrast-filled ducts become visi-
ble, but it is limited in several ways. It renders the endoscopist
“blind” to both subtle periductal soft tissue pathology, as well
as ductal systems upstream to tight strictures not allowing for
contrast passage [8]. In patients with clearly undrained intrahe-
patic segments after conventional ERCP, cholangitis has been
reported in up to 8.8% to 16.6 % of cases [9-11]. In addition, io-
nizing radiation risks to both patients and to personnel are well
described [12].
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» Table1 Technical parameters of the MRI examinations.

Sequence Plane Slice thickness/gap Te (ms) Tr (ms) Breathing technique Scan time
T2w-HASTE axial 4mm/0 76.0 1000 Multi-BH'/PACE? 2-5min
T2w-HASTE coronal 4mm/0 76.0 1000 PACE 2-5min
T1w 3 D GRE Dixon axial 4mm/0 2.4-4.8 6.93 BH 15-22s
T2w 3D-SPACE MRCP coronal Tmm 900.0 2000 PACE 3-6min
DWI3 axial 5mm/0 77.0 5000 FB* 3-5min
T1w 3D-GRE VIBE FS before contrast axial 2,5mm 1.9 4.29 BH 15-22s
T1w 3D-GRE VIBE FS after contrast® axial 2,5mm 1.9 4.29 BH 5min

1 BH, breath-hold

2 PACE, prospective acquisition correction navigator-triggered

3 DWI was acquired with the following b-values: 50 and 800s/mm?
4 FB, free-breathing

> The following dynamic phases were acquired: late arterial phase by means of the Combined Applications to Reduce Exposure (CARE) bolus technique; portal venous
phase, acquired with a delay of 50 seconds from the start of the arterial phase; delayed phases at 3 and 5min respectively.

Accessing prior knowledge on patient specific anatomy and
pathology at the time of a minimally invasive intervention such
as ERCP promises to assist the endoscopist with challenging
maneuvers, potentially increasing therapeutic success. The
ability to combine pre-procedural computed tomography (CT)
images with imaging obtained at the time of intervention has
extensively been reported on for other types of image guided
interventions, for example endovascular procedures, revealing
a clear decrease in procedure time and radiation dose [13-15].
Utilization of pre-procedural MRI images has likewise been de-
scribed in the setting of aortic endovascular and neurosurgical
intervention [16,17] but to our knowledge, use of bimodal
technology at the time of ERCP has not been investigated be-
fore. The 3D diagnostic images obtained during pre-procedural
MRI of the biliopancreatic ductal system can be aligned and
fused in the sagittal, coronal, and transverse planes with real-
time 2D fluoroscopic images at time of ERCP. This bimodal ima-
ging technique provides real-time guidance via a 3D roadmap
and has the potential of combining the diagnostic value of MRI
with the therapeutic advantages of ERCP. The aim of this study
was to explore the feasibility of bimodal ERCP, while investigat-
ing its potential clinical yield.

Patients and methods

The current study was an observational retrospective study of
consecutive patients undergoing bimodal ERCP at a single ter-
tiary referral center. Patients considered for inclusion were
those that had a previously planned conventional ERCP at our
single tertiary referral center during the study period. Only pa-
tients who, in addition, had a previously obtained T2-weighted
isotropic 3D MRI dataset were eligible. Among eligible pa-
tients, we selected cases representing a variety of different clin-
ical problems. Before utilizing this technique in a clinical set-
ting, our team underwent a 3-hour image co-registration simu-
lation session under tuition of an application specialist. By mak-
ing use of both MRI and fluoroscopic images of an inanimate
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phantom (a water bottle), subsequent fusion and bimodal im-
age creation was accomplished, after which our team could
proceed independently. The Swedish Ethical Review Authority
approved the study (dnr:2019-02109).

MRI imaging

All MRIs were performed on a 1.5T system (Magnetom Avanto
or Magnetom Aera, Siemens Healthcare, Erlangen, Germany) in
combination with a phased-array body and spine matrix coil.
The examinations included the following sequences: T2-
weighted HASTE on the axial and coronal plane, axial 3D T1-
weighted DIXON, 3D T2-weighted MRCP coronal images with
maximum intensity projection (MIP), axial DWI, axial 3D T1-
weighted fat-sat VIBE before and after intravenous administra-
tion of Gadolinium-based contrast agent (0.05 mmol/kg for Ga-
dobenate dimeglumine at an injection rate of 2mL/s; or 0.025
mmol/kg of Gadoxetic acid at a flow rate of 1mL/s). Contrast
media injections were followed by a bolus of 20 ml saline flush.
Technical parameters are summarized in » Table 1.

On the day of the ERCP procedure, the MRI examination was
imported from the Picture and Archiving Communication Sys-
tem (PACS) from Sectra AB, Linkdping, Sweden, into the 3D-
workstation by (Siemens Healthcare, Erlangen, Germany) in
the intervention suite and reconstructed in 3D volume-render-
ing formats.

MRI co-registration and fusion with fluoroscopic
image

Under general anesthesia and breath-hold, a frontal and lateral
fluoroscopic image of the upper abdomen was obtained in our
interventional suite using a roof mounted c-arm system (Artis
Q, Siemens Healthcare, Erlangen, Germany) as previously de-
scribed in detail by Schwein et al [16]. In some cases, single-im-
age digital acquisitions were obtained, since the fluoroscopic
images were considered of insufficient image quality. Typically,
T1-weighted 3D-GRE VIBE fat-sat sequences were selected for
initial image co-registration because of better spatial resolu-

E369



& Thieme

tion, and then replaced by 3D T2-weighted MRCP images
where the biliopancreatic ductal system is more visible. The
MRI and fluoroscopic images were co-registered using appro-
priate landmarks visible in both modalities, usually the liver
dome and the spine. These landmarks were electronically
marked using a dedicated software (syngo iGuide toolbox; Sie-
mens Healthcare, Erlangen, Germany) and co-registered using
a dedicated software (syngo Inspace 3D-2D; Siemens Health-
care, Erlangen, Germany), followed by manual alignment of
landmarks visible in both image modalities. During bimodal
ERCP, the co-registered MRI-derived cholangiopancreatogram
(co-MRCP) was projected in real time onto the live conventional
fluoroscopic image on the endoscopists monitor. The amount
of opacity for each image, namely co-MRCP vs. conventional
fluoroscopic, can be manually chosen by the endoscopist. A
change in table position and/or x-ray source (“C-arm”) angula-
tion, results in automatic adjustment of the co-MRCP on the
endoscopist monitor to correspond with the new fluoroscopic
view. This image co-registration technology is available on sev-
eral imaging system irrespective of vendor situation.

The workflow of this fluoroscopy image and co-registration
with the preprocedural MRl is illustrated in » Fig. 1.

Data collection

Patient demographics included age, sex, American Society of
Anesthesiologists (ASA) functional classification, as well as indi-
cation for undergoing the procedure. Procedural parameters
included time since the preoperative MRI utilized for image co-
registration was obtained, and whether bimodal ERCP was
technically possible. Qualitative procedural parameters includ-
ed image quality, aid in visualization, aid in understanding 3D
ductal anatomy, and aid in finding c-arm position, and both in-
tra- and extrahepatic overlay misalignment. All qualitative pro-
cedural recordings were made by two endoscopists performing
and assisting in each procedure. In case of discrepant result, the
images were retrospectively reviewed together with a third se-
nior endoscopist and evaluated again in consensus. Overlay
misalignment in bimodal image mode was evaluated using a
custom developed qualitative assessment scale. Radiation
dose data (including the dose area product and fluoroscopy
time) and the exposure log for each patient were automatically
archived as a Radiation Dose Structured Report (RDSR) DICOM-
object. Radiation dose during image co-registration was identi-
fied from the C-arm and table movements listed in the expo-
sure log, combined with the total image co-registration time.
Total procedure time, image co-registration time, and total
amount of contrast medium (240 mg iodine/mL, Omnipaque,
GE Healthcare, Little Chalfont, UK) was documented.

Definitions

Bimodal image quality was defined as “good” if the images of
the biliopancreatic ductal system from both the co-MRCP and
the conventional fluoroscopic images of contrast-filled ducts
were clearly visible in bimodal image mode. Bimodal ERCP was
assessed as “an aid in visualizing the lesion of interest” if the co-
MRCP showed the lesion of interest in bimodal image mode
with the conventional fluoroscopic image being native, i.e. not
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contrast medium enhanced. In one case, the lesion of interest
was electronically marked on the preprocedural MRI in consul-
tation with a radiologist, and then this electronic marker was
merged with the bimodal image for additional guidance. Bimo-
dal ERCP was defined as “an aid in understanding 3D ductal
anatomy” if the co-MRCP provided information about ductal
trajectory in the anteroposterior, mediolateral or longitudinal
axis not comprehensible with the conventional fluoroscopic im-
age. The absence of overlay misalignment in bimodal image
mode was defined as: The guidewire trajectory in a native
fluoroscopic image and/or contrast filled ducts visible in con-
ventional unimodal fluoroscopic mode matches the ducts
from the co-MRCP perfectly regardless of angle of the c-arm
unit.

Statistical analyses

All analyses were carried out using STATA 13.1 (StataCorp LP,
College Station, Texas, United States).

Results

Between March 15, 2017 and May 21, 2017, 13 patients with a
mean age of 54 (range 22-80) underwent bimodal ERCP at our
tertiary endoscopy unit. Ten patients (76.9 %) were male, three
(23.1 %) were female, with five (38.5 %) classified as ASA 2 and 8
(61.5%) as ASA 3.Bile duct stricture was the indication for un-
dergoing ERCP in eight patients (61.5%) and complex choleli-
thiasis in one (7.7%). The cause of biliary strictures ranged
from indeterminate stricture in non-PSC patients (n=4), inde-
terminate stricture in PSC patients (n=2), and stricture after
liver transplantation (n=2). Ductal leakage was the indication
for ERCP in four patients (30.1%), and included bile duct (n=2)
as well as pancreatic duct (n=2) leaks. Average time between
the pre-procedural MRI and the bimodal ERCP procedure was
91 days (range 1-240) as depicted in » Table 2.

MRI co-registration and fusion with fluoroscopic image was
technically possible in all 13 cases, and image quality was as-
sessed as “good” in 11 patients (84.6%) and “poor” in two
(15.4%). Bimodal ERCP aided in visualizing the lesion of inter-
estin 10 patients (76.9%). In one patient with PSC and a domi-
nant segmental duct stricture, the co-MRCP visualized the
stricture, whereas the conventional fluoroscopic image did
not (» Table3). Bimodal ERCP assisted in understanding the 3
D anatomy of the biliopancreatic ductal system without expos-
ing the patient or health care personnel to radiation in eight pa-
tients (61.5%). In five patients (38.4%), bimodal ERCP aided in
finding a favorable position for the c-arm for subsequent ther-
apeutic intervention with conventional ERCP-technique. This
position was found without exposing the patient to additional
ionizing radiation while evaluating different angles of view on
the co-MRCP. » Fig. 2 demonstrates examples of image quality
in bimodal ERCP.

Overlay misalignment between the co-MRCP and the con-
ventional fluoroscopic image was major in extrahepatic struc-
tures in 11 patients (84.2%), non-applicable in one (7.7 %) and
moderate in one (7.7 %). In the non-applicable case, the intra-
hepatic bile ducts were accessed through a Roux-en Y hepatico-
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» Fig. 1 Workflow illustrates magnetic resonance imaging (MRI)-conventional fluoroscopy image coregistration and fusion to bimodal ERCP.
Preprocedural planning involves marking of landmarks visible in both image modalities in coronar and lateral projections (only coronar pro-
jections shown here). a The liver contour is marked in T1-weighted 3D-GRE VIBE fat-sat MRI sequence where soft tissues are visible. b The in-
itial MRI sequence is replaced by 3 D T2-weighted MRCP images where the biliopancreatic ductal system is better visualized. ¢ The liver contour
in a standard fluoroscopic image is marked. d After manual alignment of landmarks visible in both image modalities, the coregistered and
fused bimodal image is projected in real time to the endoscopists monitor for intraprocedural guidance.
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> Table2 Patient demographics, procedure indication, and time between preprocedural MRI and procedure.

Patient Age, years ASA Sex Indication Time between pre-procedural
MRI and procedure, days
1 77 2 F Complex cholelithiasis 135
2 73 3 M Indeterminate biliary stricture(non-PSC) 128
3 79 3 M Indeterminate biliary stricture(non-PSC) 23
4 80 3 F Indeterminate biliary stricture (non-PSC) 36
5 22 2 F Biliary duct leakage 199
6 74 3 M Postoperative pancreatic duct leakage 1
7 48 3 M Indeterminate biliary stricture (PSC) 67
8 47 2 M Indeterminate biliary stricture(non-PSC) 40
9 25 2 M Biliary duct leakage with disconnected duct 20

10 37 3 M Bile duct strictures after liver transplantation 56

11 51 3 M Pancreatic duct leakage 185

12 27 2 M Indeterminate biliary stricture (PSC) 49

13 60 3 M Bile duct strictures after liver transplantation 240

Mean 54 91

MRI, magnetic resonance imaging; PSC, primary sclerosing cholangitis

» Table3 Image quality of bimodal ERCP.

Patient Bimodal Aid in visualize Aid in under- Aid in finding Intrahepatic overlay Extrahepatic overlay
ERCP image lesion of standing 3D C-arm posi- misalignment? misalignment?
quality interest? ductal anatomy? tion? (none, +,++,+++) (none, +,++,+++)

1 Good Yes No No None A dpar
2 Good No Yes Yes +++ +++
3 Good Yes No No None +++
4 Good Yes Yes No None e
5 Good Yes No Yes S A
6 Poor No No No N/A ARdRar
7 Good Yes Yes No ++ +++
8 Good No No No W e
9 Good Yes Yes No W 4

10 Poor Yes Yes Yes None N/A

11 Good Yes Yes No N/A ++

12 Good Yes Yes Yes + +++

13 Good Yes Yes Yes None e

Overlay misalignment in bimodal image mode evaluated using a custom-developed qualitative assessment scale: none, minor ( +), moderate (++) and major (+++).

ERCP, endoscopic retrograde cholangiopancreatography

jejunostomy. In the two patients where the indication was pan-
creatic duct leakage, the overlay misalignment between the
two images of the main pancreatic duct was major. There was
no intrahepatic overlay misalignment in five cases (38.4%), ma-

jor misalignment in one (7.7%), moderate misalignment in
three (23.1%) and minor misalignment in two (15.4%). In the
case with major overlay misalignment in intrahepatic struc-
tures, the patient had a stent in the intrahepatic ducts causing
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» Fig.2 Image quality in bimodal ERCP. a Conventional fluoro-
scopic ERCP image in a patient with a narrow hilar stricture. Only a
small amount of contrast has reached the right sided central bile
ducts which are barely visible. b Bimodal ERCP in the same patient
as in a, where the conventional fluoroscopic image is fused and
aligned with a pre-procedural MRCP. In this image mode the right
sided ducts are visible (blue arrows) ¢ Bimodal ERCP with slight
overlay of an aligned and fused MRCP sequence. d Bimodal ERCP
in same patient as in c with increased overlay of an aligned and
fused MRCP sequence.

ductal deformation during the MRI investigation which was re-
moved in the initial phase of the bimodal ERCP procedure.
Overlay mismatch due to breathing artefacts between the dy-
namic live images obtained during continuous fluoroscopy and
the static co-MRCP were consistent. » Fig.3a and » Fig.3b de-
monstrate examples of misalignment between the two image
modalities.

Total radiation dose for the whole procedure was a mean of
22.7 Gy cm? (range 1.5-62.6), and the image registration radia-
tion dose was a mean of 1.12Gy cm? (range 0.17-3.53), as is
shown in » Table 4. Two cases (patients 8 and 11) had consider-
ably higher image co-registration radiation dose compared to
the rest. The co-registration process of these two patients was
characterized by long fluoroscopy times and/or use of single
image digital acquisitions during the lateral projections. Total
procedure time was a mean of 75.7min (range 22.4-147.6),
and time for image co-registration process a mean of 11.9min
(range 5.7-24.7). The time for image co-registration included
software malfunction and system reboot in one case. Total
amount of contrast medium used throughout the whole proce-
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dure was a mean of 55.3mL (range 6.0-140mL). No contrast
medium was used during the image co-registration process.

Discussion

This study is the first to report on fusion of pre-procedural 3D
MRI images with live 2D fluoroscopic images at the time of
ERCP, combining the advantages of both imaging modalities.
The bimodal ERCP technique was technically feasible in all 13
patients, and good bimodal images were obtained in 84.6%.

To visualize the biliary ductal system during conventional
ERCP, the endoscopist uses ionizing radiation while contrast
medium is injected to generate fluoroscopic images of the bili-
ary tree. The resulting image provides a 2D roadmap that
guides the procedure, but gives little or no information about
3D anatomy or non-contrast opacified structures. In the cur-
rent study real-time access to 3D MRI images at the time of
ERCP, aided in visualization of the lesion of interest in 76.9 % of
cases, and aided in understanding ductal anatomy in 61.5% of
cases, while adding minimal radiation exposure and procedure
time.

Bimodal ERCP technology was tested for a range of indica-
tions during conduction of this study, with bile duct obstruc-
tion being the most common (69.2 %). When attempting to tra-
verse an obstruction with a wire in order to facilitate brush cy-
tology and/or stent placement, a 3D roadmap available at the
time of wire manipulation is especially helpful. The ability to vi-
sualize both the lateral and anteroposterior position of a duct
proximal to a stricture, independent of contrast opacification,
allows for maneuvers to manipulate wire advancement in an
optimal direction without the risk for cholangitis and adverse
effects related to ionizing radiation. In the current report bimo-
dal ERCP aided in understanding ductal anatomy in six of eight
patients (75%) undergoing the procedure for stricture evaluati-
on and treatment.

Diagnostic and surveillance challenges posed by indetermi-
nate biliary strictures, especially in PSC patients, are well known
[18,19]. In the current study, bimodal ERCP unveiled a domi-
nant segmental stricture in a patient with PSC, not otherwise
seen on conventional fluoroscopy. Although difficult to assess
and analyze, the additional information on periductal soft tis-
sue that bimodal ERCP affords, might be of value in drawing at-
tention to dominant strictures or periductal mass lesions re-
quiring urgent investigation and/or intervention. In patients
undergoing ERCP for a ductal leak, upstream contrast opacifi-
cation might prove impossible, and the ability for bimodal
ERCP to “show the way” becomes even more important, as
was seen in the single patient reported on with a leak and duc-
tal disconnect.

The concept that a 3D roadmap might facilitate the diag-
nostic performance of ERCP, has been explored before [20,21]
albeit with the use of 180° rotation of the c-arm and 3D image
rendering. This technique requires the initial injection of con-
trast medium to opacify anatomy proximal to the point of ob-
struction, and necessitates additional ionizing radiation to
both patient and health personnel. In the current study, the bi-
modal image obtained by image fusion, aided in understanding
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» Fig.3 Examples of misalignment between the two image modalities. a Bimodal ERCP in a patient with a hilar stricture. The image of the
extrahepatic bile duct obtained from preprocedural MRCP (dotted yellow arrows) is clearly misaligned with the image of the contrast filled
extrahepatic duct obtained from conventional fluoroscopy(blue arrows). In the intrahepatic ducts, there is only minor misalignment. b Same
patient as in a, but with increased overlay of an aligned and fused MRCP sequence.

biliary anatomy and c-arm positioning before intervention, dur-
ing which time little additional radiation (1.12 Gy cm?) and no
injection of contrast medium was needed. The radiation dose
needed for MRI and fluoroscopic image co-registration can be
considered negligible or minor compared to the total radiation
dose from each procedure (mean 22.7 Gy cm?). In only 2 cases
did the dose from co-registration constitute more than 15% of
the total dose, with the mean being 8% contribution for all pa-
tients. However, with the visual aid of bimodal ERCP, it is likely
that less radiation is needed during the rest of the procedure,
possibly even resulting in a decrease in total radiation dose.
From the current study, it was not possible to estimate this
change in radiation dose. Image co-registration could be com-
pleted in a mean time of 12 minutes, adding minimally to total
procedure time (mean 75.7 minutes).

A limitation of the current study was the limited number of
patients reported on, but the main aim of exploring feasibility
of bimodal ERCP was confirmed, with 85 % of images regarded
as good. Alignment between co-MRCP and ERCP images in the
frontal, sagittal, and transverse planes were correct in intrahe-
patic ducts in 77 % of cases, while less fixed extrahepatic ducts,
prone to displacement during the procedure, were frequently
misaligned during bimodal ERCP. This held true also for inter-
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vention in the pancreatic duct and is likely explained by air in-
sufflation and manipulation of the duodenoscope inside the
bowel.

The abundance of diagnostic anatomical and pathological
information afforded by MRI can be accessed by the endos-
copist at the time of intervention by means of bimodal technol-
ogy. Image fusion capability is available on several imaging sys-
tems irrespective of vendor or provider, and we foresee few
challenges during introduction of this technique, also outside
of specialized centers. Bimodal ERCP aids in visualization of le-
sions and understanding of ductal anatomy, possibly increasing
technical success rates, and decreasing risk for post-ERCP cho-
langitis. Bimodal ERCP assists in optimal c-arm positioning and
likely decreases total contrast and radiation doses. Its main use
may lie in the assessment and endoscopic treatment of com-
plex intrahepatic biliary disease, where overlay misalignment is
less of a challenge.

Conclusion

This first report on bimodal ERCP proves the feasibility of acces-
sing the diagnostic value of preprocedural MRI at the time of
conventional therapeutic ERCP. Bimodal ERCP can aid in under-
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standing biliary anatomy, visualizing the area of interest, and
positioning of the c-arm. Future larger studies are required to
definitively determine whether this new approach can increase
the clinical yield and technical success, while at the same time
reducing radiation exposure and contrast medium usage dur-
ing ERCP.
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