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Abstract

Introduction To evaluate feasibility, safety and efficacy of

fusion imaging in order to guide endovascular revascular-

ization of iliac steno-occlusive disease.

Materials and Methods Retrospectively, we identified

twenty-six patients (20 male, mean age 63 ± 8y; Ruther-

ford II-V) who underwent revascularization of a chronic

total occlusion (n = 6; 23%) or severe stenosis (n = 20;

77%) of the common and/or external iliac artery. Median

lesion length was 33 mm (IQR 20–60). In one group of

patients (NEW; n = 11), fusion imaging with 2-D/3-D

registration was used to guide revascularization. No base-

line digital subtraction angiography (DSA) had been

acquired in these patients. In another group of patients

(OLD; n = 15), no fusion imaging had been utilized and at

least one DSA run had been performed to guide the pro-

cedure. In both groups, final DSA of the treated lesions was

performed. Number of DSA runs, radiation and contrast

medium exposure, technical success (residual stenosis

\ 30%) and complications were analyzed.

Results Median DSA runs needed in OLD for guidance

were n = 2 (IQR 2–3) and in NEW n = 0 (IQR 0–0;

p = 0.001). Compared to OLD, median dose area product

(DAP) was reduced by 17,118 mGy*cm2 (IQR

10,407–23,614; p = 0.016) if fusion imaging guidance had

been used (NEW). Based on the median DAP of the final

angiogram in NEW, median DAP reduction was

6007 mGy*cm2 (IQR 5012–16,105; p = 0.1). Median total

contrast medium volume injected in NEW was 45 ml (IQR

30–90) and in OLD 120 ml (IQR 100–140; p = 0.001).

Technical success was 100% for both groups. In 1/27

patients (3.7%) a minor complication (embolism) occurred.

Conclusion Fusion imaging proved to be feasible as well

as safe and significantly reduces radiation and contrast

medium exposure during endovascular revascularization of

iliac steno-occlusive disease.

Keywords Iliac artery � Fusion imaging �
Endovascular therapy � Computed tomography

angiography � Magnetic resonance angiography

Introduction

Recently, computed tomography angiography (CTA)- or

magnetic resonance angiography (MRA)-based fusion

imaging (FI) has been developed basically to guide (com-

plex) endovascular aortic repair (EVAR) procedures. For

those, FI technique has shown significant reduction in the

cumulative radiation dose and contrast medium (CM)

exposure [1–4], which may decrease the risk for especially

long-term side effects of radiation, and has the potential to

decrease the burden on renal function as well as may

decrease the risk for acute kidney injury [5–9].

2D-3D and 3D-3D FI are established methods to guide

interventions such as EVAR or chemoembolization. In the

case of 2D-3D FI, pre-interventional CTA, MRA or cone

beam CT (CBCT) (on table) images are co-registered with
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two fluoroscopic orthogonal images. Thereby, the CTA or

MRA images are superimposed on the live fluoroscopic

images. On the other side, 3D-3D FI is performed by fusing

intra-operative CBCT with preoperative MRA/CTA ima-

ges to guide the intervention [10, 11].

Till today, three studies with a limited number of

patients and without a control group have focused on FI to

guide peripheral artery interventions in peripheral artery

disease (PAD) patients, using 3D-3D registration [12–14].

The present study was designed to evaluate feasibility,

safety and efficacy of fusion imaging with 2D-3D regis-

tration to guide endovascular revascularization of iliac

steno-occlusive disease.

Materials and Methods

Patient Selection and Study Design

Retrospectively, we identified 26 consecutive PAD patients

(20 male, mean age 63 ± 8y) with iliac stenosis (n = 20,

77%) or occlusion (n = 6, 23%). Of those, 11 patients

underwent endovascular revascularization of the iliac

artery after FI had become available in the interventional

radiology (IR) department in 10/2017. This collective

represents the FI study group (NEW group). During the

time span of 6 months prior to the establishment of FI, we

identified another group of 15 consecutive patients who

underwent endovascular revascularization for iliac artery

steno-occlusive disease. This group represents the control

group (OLD group). Patient characteristics as well as

characteristics of lesions treated and devices used are

summarized in Tables 1 and 2.

In the OLD group (control group, n = 15), iliac target

lesions had traditionally been visualized by a baseline DSA

prior to treatment. In the NEW group (n = 11) instead of

performing this baseline DSA, FI was used during crossing

and (pre-) dilatation of the target lesion as well as to guide

stent implantation.

Table 1 Patient characteristics

New

group

Old

group

Number of patients treated (n) 11 15

Age (years) 62 ± 8 63 ± 8

Gender

Male 7 (64) 13 (87)

Female 4 (36) 2 (13)

New group Old group p

Body mass index 30.8 (25.9–34) 25.6 (21–28.4) 0.1

Continuous data are presented as median and interquartile range

(IQR); categorical data are given as counts (percentage)

Table 2 Characteristics of lesions treated and devices used

New

group

Old

group

Anatomic location of lesion (n)

CIA 3 (27) 6 (40)

EIA 7 (64) 8 (53)

CIA/

EIA

1 (9) 1 (7)

New

group

Old group p

Lesion length in mm 35

(20–70)

30

(15–60)

0.5

Side treated

Left 6 (55) 5 (33)

Right 5 (45) 10 (67)

Lesion type

Stenosis 7 (64) 13 (87)

Chronic total occlusion 4 (36) 2 (13)

Pre-dilatation (POBA) 10 14

Diameter 6 (5–6) 6 (6–6)

Length in mm 40

(40–80)

40

(40–80)

Number of self-expandable nitinol

stents

9 7

Diameter in mm 8 (8–10) 10

(8.5–10)

Length in mm 60

(40–90)

80

(65–80)

Number of balloon-expandable

stents

4 13

Diameter in mm 8 (8–8.75) 9 (8–9)

Length in mm 56

(33–56)

38

(25–38)

Kissing stent maneuver 1 (9) 4 (27)

Post-dilatation (POBA) (n) 9 5

Diameter in mm 7 (6–8) 7 (6.5–8)

Length in mm 60

(40–80)

60

(60–90)

Vascular closure (n)

Manual compression 2 (18) 9 (60)

Closure device 9 (82) 6 (40)

C-arm position for baseline DSA

runs (n)

\ 30�
12

[ 30�
3

Continuous data are presented as median and interquartile range

(IQR); categorical data are given as the counts (percentage)

CIA common iliac artery, EIA external iliac artery
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We evaluated differences in dose area products (DAP,

mGy*cm2) and volumes of contrast media (volume (ml))

injected as well as in the number of digital subtraction

angiography runs (n) between both groups. Furthermore,

we compared the following variables between the two

groups: technical success, which was defined as successful

intra- or sub-intimal revascularization with residual stenosis

\ 30% at completion angiography; clinical success, which

was defined as an increase in Rutherford category by at

least one stage; hemodynamic success, which was defined

as ABI improvement ([ 0.2) as compared to the baseline

value. Furthermore, major complications and adverse

events within 24 h from the intervention were evaluated.

Preoperative Imaging

In the NEW group, all patients had a routinely acquired

preoperative CTA. The CTA had a scan range extending

from the costo-diaphragmatic recess to the forefoot and

was conducted on a 128-slice CT scanner (Somatom Def-

inition�, Siemens Healthcare, Erlangen, Germany). The

CT was acquired using the following parameters: tube

voltage 120 kV, reference tube current–time product

200 mAs with tube current modulation (CareDose�, Sie-

mens Healthcare, Erlangen, Germany), rotation time 0.3 s

and collimation 0.6 mm. CTA was performed with the

patient in supine position. A dose of 100 ml of Iomeprol

300 mg I/ml (Imeron 300�, Bracco, Milano, Italy), fol-

lowed by a 30 ml saline flush, both at a flow rate of 4.0 ml/

s, was power injected (Ct motion�, Ulrich medical, Ulm,

Germany) via a 20 G or larger intravenous cannula placed

preferably in an antecubital vein. Arterial phase images

were obtained 15 s after bolus detection in the suprarenal

aorta (threshold 150 HU, CareDose�). For vascular

assessment, images were first reconstructed using a med-

ium soft kernel (B30f) with a field of view of 100/500 mm

and an effective slice thickness of 1.0 mm. Second, images

were reconstructed with the same field of view and a slice

thickness of 5.0 mm. In addition, in every patient sagittal

and coronal reformations were done.

Endovascular Procedure Using Fusion Imaging

(NEW Group)

CTA images were routinely acquired less than 3 months

before the intervention. These preoperative images (source

images with a slice thickness of 1 mm) were imported to a

stand-alone workstation for FI in the angiography suite

(Allura Xper� FD20/15, software version 3.4, Philips

Healthcare, Hamburg, Germany). The software for FI was

the VesselNavigator� (Philips Healthcare, Hamburg, Ger-

many). Prior to revascularization, three steps were per-

formed to prepare utilization of FI.

1. Planning

Using the stand-alone workstation, vessel segmenta-

tion from the pre-interventional images was performed

semiautomatically. Optimal c-arm angulations were

simulated manually (e.g., for optimal visualization of

the iliac or femoral bifurcation) and preset. This step

takes about 5 min.

2. Registration

In the angio-suite, two fluoroscopic images were

acquired in 45� LAO and RAO projections (2D

registration) and automatically co-registered with the

preoperative CTA scan. This step takes approximately

1 min).

3. Manual correction

Manual correction of the fusion images derived from

the pre-interventional images and fluoroscopic images

was performed. This step of manual correction took

approximately 1 min. Primarily, bone borders of the

pelvis and lumbar spine were used as landmarks.

After that, a live 3D vascular model was shown on an

additional screen next to the conventional live fluoroscopy

monitor and the preparation was finalized.

All procedures were carried out under local anesthesia.

Lesion crossing and (pre-) dilatation as well as final stent

implantation was performed by FI guidance only. The

vessel reference diameter was determined pre-interven-

tionally using 3D post-processing software in order to

select the appropriate size of balloons and stents. At the

completion of the procedure, a digital subtraction angiog-

raphy was performed (injector parameters: 10 ml/s, 20 ml

volume). The contrast consisted of Iomeprol (Imeron� 300;

Bracco Imaging, Konstanz, Germany). The femoro-popli-

teal and below-the-knee runoff was examined by DSA

using manual contrast injection via the sheath. Figures 1A–

C and 2A–C illustrate two examples of FI-guided

procedures.

Endovascular Procedure Without Fusion Imaging

(OLD Group)

Percutaneous access was achieved after local anesthesia.

After wire passage of the lesion using fluoroscopy guid-

ance, a pigtail catheter was placed in the infra-renal aorta

above the bifurcation and a DSA was performed (injection

parameters see above). Another DSA (injection parameters

see above) in an oblique projection with magnification of

the region with the target lesion was acquired. More than

two initial angiograms were only performed to optimally

visualize the internal iliac artery in case of lesions reaching

the iliac bifurcation or cross-angled and tortuous lesions.

Using an overlay image (SmartMask�, Philips Healthcare,

Hamburg, Germany) derived from the baseline DSA, PTA
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Fig. 1 A CTA and CTA 3D

reconstruction shows occlusion

of external iliac artery. B After

fusion-guided crossing of the

occlusion, conventional PTA

followed by implantation of a

self-expandable stent and post-

dilatation were performed.

C The final angiogram shows no

residual stenosis
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followed by stent implantation was performed. After that, a

final DSA (injection parameters see above) was acquired to

confirm technical success and to rule out complications.

The femoro-popliteal and below-the-knee runoff was

examined by DSA using manual contrast injection via the

sheath.

Data Collection and Statistical Analysis

The total DAP (mGy*cm2), the cumulative DAP for DSA

(mGy*cm2), cumulative DAP for fluoroscopy (mGy*cm2)

as well as cumulative fluoroscopy time (min) and the DAP

for each DSA run (mGy*cm2) were obtained from the

automatically produced dose protocol of the angiography

unit. In both groups, the acquisition parameters for fluo-

roscopy and for DSA runs, e.g., pulse rate for fluoroscopy

and frame rate for DSA acquisition, were identical. The

total CM volume and the CM volume per DSA run injected

during the procedures were counted for each group. Data

were compared between the two groups. The median DAP

of the baseline DSA runs of the OLD group was calculated

and compared to the median baseline DAP of the NEW

group (‘‘inter-group’’ comparison). Furthermore, the med-

ian DAP of the final angiogram of the NEW group was

calculated. To achieve a second statistical value, illustrat-

ing the potential DAP reduction by the use of FI and to

calculate the median DAP reduction in the NEW group

itself, the DAP of the final angiogram was set as the DAP

of a potential baseline DSA run, which had not been per-

formed owing to the use of FI (‘‘intra-group’’ comparison).

Median CM volume in both groups was compared. After

testing for normal distribution, the differences between the

OLD and the NEW group were tested by using the non-

parametric Mann–Whitney U test. Statistical significance

was set at p\ 0.05. Statistical evaluation of the data was

Fig. 2 A CTA shows a short

calcified stenosis of the

proximal left common iliac

artery (red arrow). B In this

case, the wire straightened the

vessel, which made it more

difficult to optimally fuse the

CTA with the fluoroscopy

images. After conventional

PTA, a self-expandable stent

was implanted and post-dilated.

C The final angiogram shows no

residual stenosis
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performed by dedicated statistical software (SPSS 25 for

Windows; IBM, Armonk, NY, USA).

Local ethic review committee approval was granted (18-

216A).

Results

Total median DAP in the NEW group was

28,742 mGy*cm2 (IQR 19,668–42,172) and in the OLD

group 43,791 mGy*cm2 (IQR 27,966–84,633) (p = 0.048).

DAP from fluoroscopy in the NEW group was

82,146 mGy*cm2 (IQR 3703–14,393) and in the OLD

group 8763 mGy*cm2 (IQR 2327–15,798) (p = 0.82).

Data of DAPs and CM for both groups are shown in

Table 3. Median baseline DSA runs performed in the OLD

group were n = 2 (IQR 2–3) and in the NEW group 0 (0–0)

(p = 0.001). Inter-group median DAP reduction based on

saved baseline DSA runs was 17,118 mGy*cm2 (IQR

10,407–23,614) (p = 0.016). In the NEW group intra-group

median DAP reduction was (6007 mGy*cm2; IQR

5012–16,105) (p = 0.1) (Fig. 3). Median cumulative con-

trast medium volume injected in the NEW group was

45 ml (IQR 30–90) and in the OLD group 120 ml (IQR

100–140) (p = 0.001). Median cumulative CM volume for

baseline and final DSA runs was 20 ml (IQR 20–20) in the

NEW group and 60 (IQR 40–80) in the OLD group

(p = 0.001).

Technical success was 100%. Rutherford category post-

interventionally increased by at least one category in all

patients (clinical success 100%). ABI post-interventionally

increased in the NEW group by 0.25 (p = 0.01) and in the

OLD group by 0.3 (p = 0.001) (hemodynamic success:

100%). One procedure-associated complication was

reported in the NEW group (peripheral thromboembolism).

In this case, the patient was a Rutherford category III

patient with a 70-mm-long occluded lesion of the left

external iliac artery, which showed no calcified plaques.

The CTA was performed 6 weeks prior to the lesion. This

was successfully handled during a secondary procedure via

an antegrade access using manual aspiration thrombec-

tomy. Table 4 summarizes the results.

Discussion

Fusion imaging for endovascular guidance has proven to be

valuable in complex EVAR procedures and to guide

selection of the target vessel during embolization proce-

dures of the liver [2, 3, 15, 16]. These studies showed that

FI derived from CTA images significantly reduces CM

volume and radiation exposure as well as procedure time.

Table 3 DAPs and contrast medium volume

New group Old group p

Fluoroscopy time in minutes 5.33 (3.12–6.17) 6.01 (2.14–10.19) 0.38

Total DAP in mGy*cm2 28,742 (19,668–42,172) 43,791 (27,966–84,633) 0.048

Cumulative fluoroscopy DAP in mGy*cm2 8214 (3703–14,393) 8763 (2327–15,798) 0.82

Cumulative DSA-DAP in mGy*cm2 22,355 (12,982–30,043) 34,131 (24,125–66,307) 0.02

Final DSA-DAP in mGy*cm2 6007 (5012–16,105) 7655 (4367–8834) 0.69

Number of baseline DSA runs (n) 0 (0–0) 2 (2–3) 0.001

Number of final DSA runs (n) 1 (1–1) 1 (1–1) 1.0

Number of all DSA runs (n) 2.5 (1.5–4) 6 (5–7) 0.001

Cumulative CM volume for baseline and final DSA runs in ml 20 (20–20) 60 (40–80) 0.001

Cumulative CM volume in ml 45 (30–90) 120 (100–140) 0.001

Continuous data are presented as median and interquartile range (IQR); categorical data are given as the counts (percentage)

DAP dose area product, DSA digital subtraction angiography, CM contrast medium

Fig. 3 Boxplot: median inter-group and intra-group DAP reduction
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Reduction in radiation exposure during (complex)

endovascular interventions is important to patients and

staff not only because of short-term deterministic but

mostly because of long-term stochastic effects, which

might induce cancer years or decades from the intervention

[5, 6, 17–19]. By FI, DSA runs can be limited to a mini-

mum, resulting not only in reduction in radiation exposure

but also in a significant reduction in CM. It is known that

CM exposure can lead to decreased renal function and is

associated with acute kidney injury [7–9, 20].

In theory, FI should be helpful during endovascular

revascularization of peripheral arteries as well. However,

the literature regarding this topic is limited to three studies

to the best of our knowledge. Those that have been pub-

lished have evaluated image fusion with 3D-3D registra-

tion in patients with iliac or femoro-popliteal steno-

occlusive disease.

Ierardi et al. evaluated preoperative CTA and MRA with

fluoroscopy for road mapping in five patients with aorto-

iliac steno-occlusive disease [13]. All cases were techni-

cally successful, and a significant reduction in CM was

achieved. Furthermore, it was stated that fusion imaging

has a potential of radiation reduction in iliac procedures.

Sailer and colleagues evaluated fusion guidance in 17

patients with PAD [12]. In 12 patients, an iliac stenosis or

occlusion was found. In 3 patients out of 17, movement of

the patient hindered the use of the fusion road mapping.

Furthermore, PTA and stenting only based on fusion

guidance were successfully performed in the half of

patients (8 out of 17). Accurate stent placement and the

iliac runoff were examined by conventional DSA at the end

of the intervention. Sailer et al. also concludes that fusion

imaging can reduce contrast medium volume. Goudeket-

ting et al. validated the reliability of 3D-3D FI for revas-

cularization of iliac artery obstructions and in particular,

the accuracy of FI in catheterized and non-catheterized

iliac vessels [14].

Our study is the only one published yet in which 2D-3D

FI had been used for registration prior to FI guidance of

iliac artery procedures in PAD patients. We compared a

NEW group, in which iliac stenosis or occlusion was

revascularized by fusion guidance to an OLD group, in

which at least one initial angiogram for guidance purposes

had been performed. All procedures in both groups were

technically and hemodynamically successful. In the NEW

group, median DAP reduction of 17,118 mGy*cm2 (IQR

10,407–23,614) (p = 0.016) was achieved by saving at

least one DSA run compared to the OLD group. Further-

more, to illustrate the potential to reduce radiation by using

FI, the DAP of the final angiogram in the NEW group was

set to equal the DAP of a potential baseline angiogram in

the same group, which had not been performed owing to

the use of FI. Therefore, a potential DAP reduction of

6007 mGy*cm2 (IQR 5012–16,105) (p = 0.1) was attained

in the NEW group. Furthermore, by reducing DSA

runs, the amount of CM was equally reduced. Although

patients were not sedated, compared to the report by Sailers

et al. [12], no relevant body movement during the inter-

vention was detected neither did physiological breathing of

the patients relevantly disturb fusion accuracy. This is

probably explained by the retroperitoneal pelvic anatomy

of the iliac vessels, which are less vulnerable to abdominal

movement compared to the abdominal aorta or the visceral

arteries. Nonetheless, anxious patients could be sedated in

Table 4 Endpoints

New group Old group

Technical success (\ 30% residual stenosis) 11 (100) 15 (100)

Complication rate 1 (9) 0 (0)

ABI

New group

baseline 0.56 (0.43–0.61) 0.6 (0.5–0.72)

post-interventional 0.81 (0.73–0.97) 0.9 (0.89–0.96)

p = 0.01 p = 0.001

Rutherford category (increase of at least one category) (n = 26) 11 (100) 15 (100)

Inter-group DAP reduction in mGy*cm2 17,118 (10,407–23,614)

p = 0.016

Intra-group DAP reduction in mGy*cm2 6007 (5012–16,105)

p = 0.1

Median CM reduction between NEW and OLD group in ml 40 (40–60) ml

p = 0.001

Continuous data are presented as median and interquartile range (IQR); categorical data are given as the counts (percentage)

ABI ankle brachial index, DAP dose area product, CM contrast medium
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order to avoid unnecessary and procedure-delaying

movement.

An issue we faced in one patient (Fig. 2A–C) was

straightening of the target vessel even by a soft guidewire,

which interfered with fusing the CTA with fluoroscopy

images. In this case, technical success was nevertheless

achieved, since the short lesion was located in the middle

segment of the common iliac artery with sufficient distal

and proximal landing zones. Moreover, there was no case

in which re-adjustment of the fused images had to be done.

Goudeketting et al. validated the accuracy of FI in

catheterized and non-catheterized iliac vessels and found

no significant difference in both groups [14]. As in our

study, they only used soft guidewires and catheters to probe

the vessels, which apparently in most cases will not change

the configuration of the vessel anatomy to an extent that

would compromise the match. We believe that a slight

inaccuracy of FI is only relevant in parts of the vessel

where absolute optimal landing of a stent is necessary, e.g.,

at the aortic/iliac bifurcation or at the distal part of the

external iliac artery. In order not to risk technical success in

those cases, a conventional approach should be considered.

An alternative approach to 2D-3D registration used in

this study is 3D-3D registration, in which pre-procedural

contrast-enhanced MRA or CTA is segmented and semi-

automatically registered to a cone beam computed

tomography image acquired at the beginning of the pro-

cedure (‘‘on table’’). In the case of EVAR, it has been

shown that this method is more accurate than 2D-3D reg-

istration [21]. Nevertheless, at least for the patient acqui-

sition of a cone beam CT scan contributes to a higher

cumulative DAP and consequently to a greater risk for

stochastic or deterministic effects of radiation.

Regarding radiation exposure during iliac artery revas-

cularization procedures, the optimal combination might be

represented by combining 2D-3D registration based on an

MRA. However, owing to logistics in our clinic in most

patients, a CTA is available as pre-procedural imaging.

Lalys et al. recently published a study in which the

accuracy of a new image fusion system with 2D-2D reg-

istration was compared to 2D-3D registration during

revascularization of femoro-popliteal arteries of PAD

patients [22]. Both methods were equally accurate.

Therefore, 2D-3D image fusion may not only be a sup-

portive tool during iliac procedures but also during femoro-

popliteal interventions.

As in our study, Sailer and Ierardi performed a final

conventional angiogram to confirm correct stent position

and to rule out potential complications [12, 13]. In future

cases, Ierardi suggested replacing the final DSA run by

measuring aortic and iliac pressure distal and proximal

from the treated lesion [13]. Hereby, pressure differences

\ 10 mmHg could indicate a hemodynamically successful

procedure. In our opinion, this technique might verify an

improved flow within the treated vessel segment. However,

it cannot confirm correct deployment of a stent or rule out

complications (e.g., embolism). Another radiation-sparing

alternative to DSA would be IVUS, which can detect

incorrect stent deployment or residual stenosis.

Nevertheless, even though a final angiogram might be

needed in most cases to rule out complications and docu-

ment technical success, a baseline angiogram, which is still

common practice during almost every intervention in most

departments, can easily be substituted by the use of FI in

the future.

The limitations of this study are the retrospective and

non-randomized study design as well as the small study

population. Moreover, a general awareness for radiation

and contrast medium exposure has been reported to influ-

ence radiation and contrast dose, which might have influ-

enced the results [23].

Conclusion

In conclusion, CTA-based fusion imaging using 2D-3D

registration is feasible and safe for guidance of endovas-

cular treatment of iliac steno-occlusive disease. Compared

to the traditional procedure, it significantly reduces the

radiation dose and contributes to minimizing operators’

and patients’ risk for potential short- and long-term effects

of radiation exposure. Moreover, it significantly reduces

contrast medium volume and could thereby limit the

patients’ risk of renal dysfunction.
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