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Abstract

Purpose This study was designed to evaluate the feasi-

bility of endovascular guidance by means of live fluoros-

copy fusion with magnetic resonance angiography (MRA)

and computed tomography angiography (CTA).

Methods Fusion guidance was evaluated in 20 endovas-

cular peripheral artery interventions in 17 patients. Fifteen

patients had received preinterventional diagnostic MRA and

two patients had undergone CTA. Time for fluoroscopy with

MRA/CTA coregistration was recorded. Feasibility of

fusion guidance was evaluated according to the following

criteria: for every procedure the executing interventional

radiologists recorded whether 3D road-mapping provided

added value (yes vs. no) and whether PTA and/or stenting

could be performed relying on the fusion road-map without

need for diagnostic contrast-enhanced angiogram series

(CEAS) (yes vs. no). Precision of the fusion road-map was

evaluated by recording maximum differences between the

position of the vasculature on the virtual CTA/MRA images

and conventional angiography.

Results Average time needed for image coregistration was

5 ± 2 min. Three-dimensional road-map added value was

experienced in 15 procedures in 12 patients. In half of the

patients (8/17), intervention was performed relying on the

fusion road-map only, without diagnostic CEAS. In two

patients, MRA roadmap showed a false-positive lesion.

Excluding three patients with inordinate movements, mean

difference in position of vasculature on angiography and

MRA/CTA road-map was 1.86 ± 0.95 mm, implying that

approximately 95 % of differences were between 0 and

3.72 mm (2 ± 1.96 standard deviation).

Conclusions Fluoroscopy with MRA/CTA fusion guid-

ance for peripheral artery interventions is feasible. By

reducing the number of CEAS, this technology may con-

tribute to enhance procedural safety.
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Introduction

Symptomatic peripheral artery disease (PAD) affects more

than ten million people worldwide [1, 2]. Percutaneous

transluminal angioplasty (PTA) with or without stent place-

ment is a minimally invasive treatment option to restore

arterial blood flow without need for open surgery. Contrast-

enhanced magnetic resonance angiography (MRA) has

gained broad acceptance in the preinterventional workup of

patients and is performed routinely to diagnose PAD and to

determine suitable treatment. If MRA is contraindicated or not

available, contrast-enhanced computed tomography (CTA) is

performed. During endovascular interventional procedures,

diagnostic angiography with iodinated contrast medium (CM)

is traditionally used to facilitate safe maneuvering of guide-

wires and catheters and to position angioplasty balloons and

stents correctly. During the past decade, MR-guided inter-

ventions and coregistration of different imaging modalities

have been promoted to facilitate multimodality fusion image

road-mapping [3–7]. Recently, it has been shown that fusion

image road-mapping can significantly reduce procedural CM

volume in aneurysm repair and liver embolization [8–12]. To

the best of our knowledge, fusion guidance in peripheral artery

interventions has not been reported so far. This study was

designed to evaluate the feasibility, precision, and added value

of endovascular guidance by means of live fluoroscopy fusion

with MRA and CTA.

Materials and Methods

The study was approved by the Institutional Ethical

Committee. Written, informed consent was waived (METC

12-4-125). Fusion image road-mapping technology was

evaluated in 20 endovascular peripheral artery interven-

tions in 17 patients. Fifteen patients had undergone out-

patient contrast-enhanced MRA of the iliac and lower leg

arteries for diagnostic workup as published elsewhere [13]

(Intera 1.5T, Philips Healthcare, Best, The Netherlands; 2D

bolus tracking method, 15 ml Gadubotrol [Gadovist, Bayer

Healthcare, Berlin, Germany; 7 ml Gd@1.2 ml/s—8.0 ml

Gd@ 0.5 ml/s —followed by a saline chaser of 20 ml NaCl

@ 0.5 ml/s]). In two patients with contraindications for

MRA, contrast-enhanced CTA was performed (Somatom

Definition, Siemens Healthcare, Forchheim, Germany;

scan protocol: 2 9 64 9 0.6-mm coll., pitch 0.9,

100/140 kV, quality ref. mAs 136/116 (?CareDose4D),

rot. time 0.33 s, 1.0/0.8-mm slice reconstruction, soft tissue

filter (D30f), 96 ml iopromide 300 [Ultravist, Bayer, Ber-

lin, Germany; (flow rate 4.8 ml, IDR = 1.44 gI/s)]. Timing

interval between the MRA/CTA acquisition and endovas-

cular procedure was up to 8 weeks.

Volumetric datasets of the pre-procedurally acquired

MRA and CTA images were loaded to a commercially

available 3D image fusion workstation (Allura XtraVision

8.3, Philips). Patients were placed in a supine position on the

angiography unit’s table comparable to the position during

MRA and CTA acquisition. Flat panel detector C-arm cone-

beam CT (CBCT) (Allura Xper FD20, Philips) of the pelvic

or upper leg region was acquired right before draping the

patient. Volumetric CBCT datasets were automatically

transferred to the 3D workstation. Coregistration of the

preacquired MRA/ CTA datasets to the CBCT datasets was

performed manually by the interventional radiologists.

Figure 1 shows the procedure of dataset coregistration. Ves-

sels, corresponding vessel wall calcifications, bones, and

organ borders visible on both datasets were used as landmarks

for registration and were verified in three dimensions. By these

means, the MRA/CTA datasets were linked to the 3D coor-

dinate space of the C-arm and the corresponding live fluo-

roscopy image. Dataset coregistration persisted during the

entire procedure; the MRA/CTA volume thereby followed

any rotation of the C-arm as well as table movements and is

adapted to magnification. Guidewires, catheters, PTA bal-

loons, and stents were overlaid to the MRA/CTA vessel tree

background allowing noncontrast enhanced endovascular

road-mapping. By means of manually window leveling, the

vasculature of the MRA dataset could be made clearly visible

with reduced artifacts from bone and soft tissue structures.

Bone removal enhanced the vessel tree on the CTA dataset.

Patients and Procedures

Fluoroscopy with MRA/CTA fusion road-map technology

was evaluated in 14 common and/or external iliac artery

interventions and six superficial femoral artery and/or

popliteal artery interventions in 17 patients. Patients with

below-the-knee lesions and patients who had undergone

diagnostic imaging longer than 8 weeks ago were not

included. Interventions were performed under local anes-

thesia. A detailed description of the included patients,

clinical presentations, and vascular pathology on imaging

is given in Table 1. Figures 2, 3 and 4 show application of

fusion road-mapping in various procedures.

Fusion Road-Map Evaluation

Time for C-arm CBCT with MRA/CTA dataset coregis-

tration (in minutes) was monitored. Feasibility of fusion
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Fig. 1 Manually performed

rigid coregistration of the

volumetric contrast-enhanced

MRA dataset (left) and CBCT

dataset (right) by bringing aortic

bifurcation and corresponding

vessel wall calcifications into

the crosshair. MRA and CBCT

image coregistration is further

adjusted in axial and sagittal

planes (not shown) using vessel

borders, bone structures, and

muscles as landmarks

Table 1 Overview of included patients and their clinical presentation and corresponding contrast-enhanced MRA and CTA findings

Patient

ID

Sex Age Clinical presentation MRA/CTA diagnosis

1 Male 86 Fontaine 2B claudication left leg MRA: Severe stenosis left AIC and AIE over five cm length

MRA: Severe aortic bifurcation stenosis with occlusion right

2 Female 77 Fontaine 3 bilateral buttock

claudication

AIC [ 2 cm length (1) and severe stenosis left AIC [ 5 cm length (2)

3 Female 59 Fontaine 2B claudication left leg MRA: Occlusion left AIE of 1 cm length

4 Male 67 Fontaine 2B both legs MRA: Severe stenosis right proximal AIC

5 Male 68 Fontaine 3 claudication both legs MRA: Occlusion left SFA of 22 cm length

6 Male 72 Fontaine 3 claudication right leg MRA: Severe stenosis right popliteal artery of 3 cm length

7 Female 68 Fontaine 2B claudication right

buttock

CTA: Occlusion right AIE of 4 cm length and severe in-stent stenosis right

AIC

8 Female 45 Fontaine 2B claudication bilateral

buttock

MRA: Severe stenosis left AIC (1) of 5 cm length and right AIC (2) of 3 cm

length

9 Female 60 Fontaine 2B claudication left leg MRA: Severe stenosis left AIC of 2 cm length

10 Male 68 Fontaine 2B claudication right leg CTA: Occlusion and dissection left AIE of 5 cm length

11 Male 54 Fontaine 2B claudication left leg

more than right leg

MRA: Severe stenosis left AIE of 3 cm length (1) and severe stenosis right

distal SFA of 4 cm length (2)

12 Female 59 Fontaine 2B claudication left leg MRA: Occlusion left SFA of 14 cm length

13 Male 67 Fontaine 3 claudication left leg MRA: Occlusion left SFA of 2 cm length, severe stenosis whole popliteal

artery and tibiofibular trunk origin

14 Male 75 Fontaine 3 claudication left leg MRA: Occlusion and severe stenosis left AIE and AIC of 9 cm length

15 Male 69 Fontaine 3 claudication left leg MRA: Multiple severe stenoses and occlusions whole left SFA

16 Female 62 Fontaine 3 claudication left leg MRA: Occlusion whole left AIE and stenosis left AIC of 4 cm length

17 Female 88 Fontaine 2B claudication left leg MRA: Severe stenosis left AIE of 2 cm length

AIC common iliac artery, AIE external iliac artery, SFA superficial femoral artery
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guidance was evaluated according to the following criteria:

(1) For every procedure the executing interventional radi-

ologists recorded whether 3D road-mapping provided

added value in terms of defining the best C-arm projection

angle for the particular intervention (yes vs. no) and

whether PTA and/or stenting could be performed relying

Fig. 2 Contrast-enhanced MRA image (left) in patient 12 shows long

distance occlusion of the left proximal superficial femoral artery

(SFA). Artifacts from previously placed stent in the distal aorta and

occlusion of the right external iliac artery are visible. Live fluoros-

copy overlay (grey) to the MRA dataset (background) allows

noncontrast usage 3D road mapping during SFA recanalization

(middle) and balloon angioplasty (right). Guidewire (white arrows)

and PTA balloon (white arrow head) superimposed on the MRA

vessel tree (red arrows). Artifacts from upper leg muscles (stars),

partly removed from the MRA dataset by window-leveling

Fig. 3 Contrast-enhanced MRA image (left) in patient 3 shows a

short occlusion of the left AIE. Direct retrograde access for left

external iliac artery recanalization and balloon angioplasty based on

fusion road-mapping without further need of CM. C-arm in 40

degrees right lateral position and fusion road-map following the 3D

projection of live fluoroscopy. Conventional post-PTA control

angiography was performed and indicated need for additional stent

placement
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on the fusion road-map without the need for a diagnostic

contrast enhanced angiogram series (CEAS) (yes vs. no).

Subjective scores were documented by the interventional

radiologists using a standardized online data registration

form right after the procedure. (2) Precision of the MRA/

CTA with fluoroscopy fusion road-map was evaluated by

recording differences between the position of the vascula-

ture on the virtual MRA/CTA images and conventional

angiography. Displacement of the fusion road map was

measured as the maximum mismatch in the region of

interest (ROI) in millimetres using the measurement tool of

the 3D workstation subsequently to each procedure. In

patients in whom there was no need to perform a diagnostic

angiogram before treatment, the fusion roadmap was

compared with the control angiogram that was made after

treatment.

Results

Average time needed for dataset coregistration was 5 ± 2

min (mean ± standard deviation). Fusion road-map added

value was experienced in 15 procedures (75 %) in 12

patients. In three procedures, inordinate patient movement

after CBCT acquisition hindered the use of the fusion road-

map. In the procedures of patients 4 and 17, the diagnostic

MRA and corresponding fusion road-map indicated a

severe stenosis of the right common iliac artery (AIC) and

left external iliac artery (AIE), respectively. The vessel

section could be easily passed with the guidewire and

conventional angiography was performed to visualize the

extent of the stenosis. In both patients, on two directional

conventional angiography series, no stenosis was visible

and no intervention was performed. In 47 % of the patients

(8/17) PTA and/or stenting could be performed relying on

the fusion road-map and a diagnostic CEAS was not

required. Average maximum difference in position of

vasculature on angiography and MRA/CTA fusion road-

map was 6.41 mm with a standard deviation of 11.12 mm.

Excluding the three patients with major leg and pelvis

movement during the procedure, average maximum dif-

ference was 1.86 ± 0.95 mm, which implies that approx-

imately 95 % of differences were between 0 and 3.72 mm

(2 ± 1.96 standard deviation). Distribution of 3D road-

map added value and precision per patient is shown in

Table 2.

Discussion

Fusion guidance is a new technology for endovascular

road-mapping. Flat panel detectors that can acquire rota-

tional volumetric datasets for image coregistration are

increasingly replacing conventional fluoroscopy units and

coregistration software is commercially available from

different vendors. To our knowledge, we are the first to

report fluoroscopy coregistration with MRA/CTA for the

application of peripheral artery interventions. In our series,

dataset coregistration with MRA or CTA was feasible in all

procedures. Coregistration was performed by the inter-

ventional radiologist on the 3D workstation while further

preparations inside the angiography suite (draping the

patient, preparing the table) were performed by the nurses.

Actual time loss for fusion road-mapping therefore was

negligible.

Conventional catheter road-mapping with iodinated CM

has potential nephrotoxic side-effects, which are correlated

with the amount of CM and therefore should be regarded as

relevant in patients with renal impairment and diabetes,

both associated with PAD [1, 14, 15]. Furthermore, endo-

vascular interventions with angiography are contraindi-

cated in patients with serious allergy to CM. Any

technology to reduce procedural CM is therefore of high

importance [16].

Previously, Manke et al. [17] outlined the feasibility of

MR guided iliac artery stenting in 13 patients. Real-time

monitoring by live fluoroscopy was lacking, which resulted

in long procedure time. Metal artifacts on MR further

restricted applicability for routine clinical practice. These

limitations are addressed by fusion technology, which links

the preinterventional MRA/CTA information to dynamic

fluoroscopy. As volumetric MRA or CTA datasets are

registered, the vessel tree follows any three-dimensional

Fig. 4 Contrast-enhanced MRA image (left) in patient 6 shows a

stenosis of the right popliteal artery. PTA balloon positioning and

deployment based on the fusion road-map (right) without need for

additional diagnostic CM-enhanced angiogram
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C-arm rotation. Optimal projection angles can be chosen

while rotating the C-arm under fluoroscopy.

In a previously reported case, thoracic aortic repair

without CM administration has been performed [8]. In our

study, PTA and/or stenting without a pretreatment CEAS, so

fully relying on the fusion road-map, was performed in half

of the patients; in the other half, however, we still needed

support from an angiogram. Posttreatment control angio-

grams were further performed in all patients to analyze

success of the intervention and to detect possible compli-

cations; we therefore did not perform procedures without

CM administration. Still the reduction of preinterventional

angiograms in eight patients shows that fusion guidance

technology holds the potential for CM reduction in future

procedures, which could be especially relevant for patients

with renal impairment. In patients with severe allergy to

iodinated contrast material, zero-iodinated-contrast inter-

ventions might be possible in combination with ultrasound

control or low volume of gadolinium or carbon dioxide.

Further trials—ideally prospective, randomized trials—are

necessary to prove the concept of contrast saving by image

fusion and to determine effects quantitatively on procedural

contrast usage in a broad patient population.

Dataset coregistration requires acquisition of a CBCT.

The staff is usually outside the angiosuite during acquisi-

tion, but extra radiation dose for the patient has to be con-

sidered. Mean patients’ radiation dose in terms of dose are

product (DAP) from CBCT in the pelvic region was 14.5

Gycm2 [95 % confidence interval (CI) 11.6–17.4 Gycm2],

which accounted on average for 21.4 % (95 % CI 16.4–26.2

%) of the total procedural DAP. Calculated maximum risk

for lifetime exposure induced cancer death is less than

0.03 % in pelvic CBCT [18]. For the PAD patient popula-

tion, potential benefit from contrast savings by use of fusion

road-mapping might overweight the negative impact of the

extra radiation dose. However, this has to be judged by the

interventional radiologist individually for each case under

consideration of patient’s renal function and age.

Main limitations of fusion road-mapping are patient

movement and MRA artifacts. Similar to conventional road

mapping, any patient movement after CBCT acquisition

results in mismatch of the fusion road-map. In 18 % of the

patients (3/17), inordinate (rotational) movements inhibited

the use of the fusion road-map—a limitation that needs to be

addressed for further application, e.g., by immobilization

pelvis and legs casts. Furthermore, different patient posi-

tioning in preinterventional imaging and interventional pro-

cedure should be considered as this might have affected

fusion road-map precision. The results of this study indicate

that—except for the patients with major movement during

the procedure—differences between position of vasculature

on angiography and MRA/CTA fusion road-map did not

exceed four millimeters. Most of the procedures were iliac

interventions. Displacements of such magnitude might be

considered acceptable for adequate balloon and stent posi-

tioning in most peripheral artery applications, especially in

those with larger vessel regions. As was shown in our study,

no complications were detected even in those interventions

(n = 8), which were performed solely relying on fusion

road-mapping. Furthermore, minor displacement of the

fusion road-map can be corrected manually during the pro-

cedure by readjusting the MRA/CTA dataset on fluoroscopy

landmarks, e.g., a catheter placed over the aortic bifurcation

and other landmarks visible under fluoroscopy. However, for

anatomic regions with smaller vessel diameters, recanaliza-

tion procedures, and stenting nearby side branches, potential

risk of device misplacement has to be taken serious and

might inhibit application of this technology as long as pre-

cision is not further improved. In terms of diagnostic accu-

racy, one must realize that the fusion image road-map is only

as accurate as the underlying MRA or CTA quality as arti-

facts hamper the usability of the fusion road-map. Also

timing intervals between MRA acquisition and PTA/stenting

procedure might cause inaccuracies. In two of the studied

patients, the diagnostic MRA indicated a false-positive

(severe) stenosis of the left iliac artery. This error was

detected on an additional conventional angiogram and might

have resulted in unnecessary PTA if evaluation with con-

ventional angiogram would not have been performed.

However, imaging techniques such as CTA and MRA are

constantly improving and the number of pseudo lesions

decreases. In a recent meta-analysis by Jens et al. [19] it was

shown that both CTA and MRA are highly accurate with

sensitivity of 96 and 93 % and specificity of 95 and 94 %

respectively; still, potential risk of pseudo lesions always

needs to be considered when using fusion road-mapping.

In conclusion, fusion of preinterventional MRA and

CTA datasets with live fluoroscopy for real-time 3D road-

mapping in endovascular peripheral artery interventions is

feasible. The technology holds potential to reduce contrast

dosage and may contribute to enhance renal safety.
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