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Lowest reported dose area product of 2.4 Gy*cm2 for

ultra-low-dose endovascular aortic aneurysm repair of a

standard infrarenal aortic aneurysm
Alina Reeg, MD,a Yvonne Braun, MD,b Dirk Sunderbrink,c and Maani Hakimi, MD,a Lucerne, Switzerland; and

Forchheim, Germany
ABSTRACT
This is a report of successful treatment of an abdominal aortic aneurysm via standard endovascular aortic repair with an
ultra-low dose (ULD) of 2.4 Gy*cm2 using the latest imaging software in a hybrid operating room. To the best of our
knowledge, no case has yet been reported achieving a successful outcome with such ULD values to date. The key factors
to achieving an ULD regarding the dose area product comprise the right technology, procedural standardization, and
team education and training. This case highlights the potential for reducing the radiation dose routinely for patients and
staff alike, especially for operating room staff with daily radiation exposure. (J Vasc Surg Cases Innov Tech 2024;10:101496.)
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Endovascular aortic repair (EVAR) has become the most
frequently used treatment of abdominal aortic aneurysms
(AAAs) due to its minimally invasive nature.1,2 However,
concerns remain regarding the potential long-term ef-
fects of ionizing radiation exposure to the staff involved.3

The literature and official diagnostic reference levels
report a wide spectrum of dose area product (DAP) values,
starting from 12 Gy*cm2 to >200 Gy*cm2.4,5 It is, therefore,
difficult to determine which benchmark dose should be
used in alignment with ALARA (as low as reasonably
achievable) principles. Most vascular surgeons are aware
of immediate protection such as lead shields or walls, as
described in recent European Society for Vascular Surgery
guidelines.6 However, there is more to learn about dose
reduction. With patient consent, the purpose of this report
is to describe a benchmark and the potential for routine
dose saving during standard EVAR.

MILESTONE APPROACH FOR DOSE BENCH-
MARKING: THE “Lucerne EVAR MILESTONE
APPROACH”
Preliminary tests on a water phantom were performed

before beginning the study.7 Next, the settings of the
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imaging system were adjusted. To standardize EVAR
and dose reporting in the hybrid operating room, a “mile-
stone approach” was developed (Table). The Lucerne
EVAR milestone approach is divided into eight steps,
five of which are intraoperative. Later, technical setups
for each milestone and for the new surgical workflow
were defined. Thus, dose level reporting was structured,
generating stepwise benchmarking (dose checkpoints
at the end of each milestone). The method referred to
during this case was previously reported by our ULD
working group.7,8
CASE REPORT
A 76-year-old woman, with a body mass index of 23 kg/m2

and a history of neuroendocrine pulmonary carcinoma,

chronic obstructive pulmonary disease, arterial hyperten-

sion, and atrial fibrillation presented with an asymptomatic

infrarenal AAA measuring 5.7 cm in diameter. EVAR was

planned according to the guidelines due to the favorable

anatomy and relevant comorbidities (Fig 1).9,10 The opera-

tion was performed in the hybrid operating room (ARTIS

pheno System; Siemens Healthineers). ULD software was

used as a standard at our institution (OPTIQ Software;

Siemens Healthineers).11 The settings for collimation, digital

zoom, and angulations are described in the Table.

Milestones 1 and 2. A trimodular off-the-shelf stent graft

system was selected (main body: TREO 33-100; leg exten-

sion: TREO 13-120 [right], TREO 13-100 [left]; Terumo Aortic;

Bolton Medical Inc; a standard device in our institution).

During planning, the necessary positions of the radiation

source and corresponding angulations were considered. A

navigation mask was created from the preoperative three-

dimensional data from the computed tomography angio-

gram (EVAR Guidance; Siemens Healthineers). Surgery was

performed under general anesthesia.
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Table. Lucerne endovascular aortic repair (EVAR) milestone approach

Procedural
phase Milestone step Description

Settings during
reported case

Cumulative
DAP (Gy*cm2)

Preoperative 1. Decision making Strategic conceptualization
based on patient
demographics,
comorbidities, and anatomy

e e

2. Planning and device sizing Planning procedure based
on CT (device type, length,
diameter, positioning,
landing zones, ostia rings, C-
arm angulations)

e e

Intraoperative 3. 2D/3D registration Two 90� fluoroscopy images
merged with 3D
preoperative CT image

Fluoroscopy in two planes,
AP and lateral; no
collimation, digital zoom 42
cm, 4 frames/s

0.44

4. Repeat registration After insertion of wire and
stent, readjustment of
overlay to actual anatomy to
reach real time roadmap

Fluoroscopy for wire
positioning and stent
positioning: digital zoom 32;
maximum collimation
fluoroscopy for checking
carrier system, 4 frames/s;
zoom 32 cm and collimation;
DSA: 0� CC, 5� LAO, digital
zoom 32, 4 frames/s,
collimation aligned with
aorta and proximal renal
arteries, with a length
revealing end of
contralateral leg

1.26

5. End of cannulation
contralateral leg

End of contralateral leg
cannulation with full
deployment (cumulated
dose of fluoroscopy images
and DSA sequences
measured)

DSA: parallax compensation,
14� CC, 4 frames/s

1.39

6. Full deployment and
completion DSA

End of deployment of main
body and ipsilateral leg
(cumulated dose of
fluoroscopy image and DSA
sequences measured)

First DSA: 10� CC, 4 frames/s;
second DSA: changing from
10� CC to 0� CC, 4 frames/s

2.39

7. Cone-beam CT (optional) Mostly used for fenestrated
and branched EVAR
proceduresdnot for
standard EVAR procedures

Not performed e

Postoperative 8. Postoperative follow-up Reference for further follow-
up, control CTA (with or
without contrast-enhanced
ultrasound)

According to guidelines after
6 weeks

e

2D, Two-dimensional; 3D, three-dimensional; AP, anteroposterior; CC, craniocaudal; CT, computed tomography; CTA, computed tomography
angiography; DAP, dose area product; DSA, digital subtraction angiography; LAO, left anterior oblique.
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Milestone 3. Two-dimensional and three-dimensional regis-

tration was performed by matching the computed

tomography-derived navigation mask with bony landmarks on

fluoroscopy in two perpendicular planes.12

Milestone 4. Percutaneous access and wire positioning in the

proximal descending aorta (Terumo Aortic; Bolton Medical Inc)

and positioning of the angiography catheter at the level of the
renal arteries were conducted. Maximum collimation, the influ-

ence of which on DAP is significant, enabled only one-sided

visibility of the iliac arteries.

Ex situ control of the device markers in the sheath was

performed under fluoroscopic guidance with advance-

ment of the main body. During advancement of wires

or catheters, fluoroscopy was not used continuously

(Fig 2).



Fig 1. Infrarenal aortic aneurysm in anteroposterior view
with slight beta angulation, suitable landing zones for
endovascular aortic repair (EVAR), and visibility of hypogas-
tric arteries.

Fig 2. Image quality with four frames per second showing
the markers clearly.

Fig 3. Completion digital subtraction angiography (DSA).
Left, First DSA with 10� craniocaudal and cranial markers
standing in line. Arrow indicates persistent type Ia endo-
leak. Right, Second final DSA with 0� craniocaudal and
cranial markers not in line showing no persistence of the
endoleak.
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Next, digital subtraction angiography (DSA) was performed

under parallax correction (collimation: showing proximal renal

arteries up to the end of the contralateral leg). Digital zoom

can be increased up to this frame. According to these data,

the navigation mask was adjusted (repeat registration).
Milestone 5. Milestone 5 consists of deployment of the main

body until release of the contralateral leg. During deployment, a

short DSA was performed to again verify the exact EVAR posi-

tioning before full deployment. For cannulation of the contralat-

eral leg, angulation was not necessary.

The correct wire position was checked inside the contralateral

leg using a compliant balloon (“bulb sign”; 46 mm; Reliant; Med-

tronic). After length assessment according to retrograde DSA,

the contralateral leg extension was deployed.

Milestone 6. Milestone 6 consists of full deployment of the

main body. Measuring, positioning, deployment, and modeling

of the ipsilateral leg (identical to the method used for the

contralateral leg). Due to the long distal landing zones and

favorable anatomical conditions, angulations were not needed

to display hypogastric arteries.

Milestone 7. Milestone 7 consists of completion angiography

under reduced parallax compensation of 10� craniocaudally

with the proximal stent graft markers in one line (Fig 3).

A type Ia endoleak was detected, most likely due to slight

crimping of the main body. Balloon modulation was repeated

in the proximal landing zone, and a second completion DSA

was performed. Parallax correction was avoided because detec-

tion of a type Ia endoleak was the only objective (Fig 3).

Changing from 10� craniocaudally to 0� helped to reduce the

dose from the previous DSA of 0.53 Gy*cm2 to 0.28 Gy*cm2

within the second completion DSA. With these adjustments,

we were able to confirm that no endoleak persisted. At this final

checkpoint, the total dose was reached (DAP, 2.39 Gy*cm2; fluo-

roscopy time, 14 minutes, 4 seconds; Fig 4).



Fig 4. Radiation dose examination protocol. The final dose area product (DAP) was 2.39 Gy*cm2. The fluoroscopy
time was 14 minutes, 4 seconds.
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DISCUSSION
To the best of our knowledge, this case documents the

lowest DAP used in a standard EVAR procedure available
in the literature. Due to the optimal conditions of the pa-
tient’s anatomy (ie, low body mass index, straight renal
arteries, a suitable proximal landing zone, no tortuosity),
this very low result could be achieved. This case also
shows that an ULD is possible despite a surgically urgent
second completion DSA, because the ULD did not
compromise the imaging quality. However, the second
DSA was only responsible for 0.28 Gy*cm2. Possibilities
still exist to further reduce the DAP, such as changing
the frame rate from four frames per second to two
frames per second. Device selection could influence the
procedural steps. A trimodular device enables collima-
tion during the initial DSA run and main body deploy-
ment. It also has wider variability regarding iliac
extension selection.
Minimizing dose exposure is not only relevant for pa-

tient safety but is also a major topic in occupational
health.13,14 However, the reporting of dose levels in the
literature varies greatly. The parameters and units used
for radiation dose reporting vary between institutions
and device manufacturers, leading to reporting dispar-
ities.15,16 Furthermore, a wide range of dose levels for
standard EVAR has been reported.17-19 A recent literature
review reported the imaging environment and technolo-
gies, good clinical practice, and team experience as three
factors to explain the wide variations in DAP for EVAR.20

To enhance good clinical practice in our institution, we
developed the Lucerne EVAR milestone approach, not
only to standardize the EVAR procedures, but also to
benchmark the dose levels and standardize reporting.7

Regarding standard EVAR, although the definition in-
cludes a variety of anatomical and perioperative details,
only 60% of AAAs are suitable for a standard EVAR pro-
cedure.21 Complex EVAR procedures are likely to be asso-
ciated with a higher DAP and intraoperative deviations
from the initial plan.22 Additionally, the working environ-
ments and imaging systems for vascular surgeons differ
between institutions significantly. Both conditions
contribute to difficult comparisons of dose levels. As a
result, granularity is low between reported procedures,
and investigators of recent studies are calling for univer-
sally adopted reporting standards.23,24
CONCLUSIONS
This case report shares our lowest radiation dose within

the scientific community to establish which dose levels
are currently achievable under suitable conditions for a
standard EVAR procedure (ULD benchmarking). With re-
gard to occupational health issues and radiation protec-
tion of patients and staff, dosages can be decreased with
high procedural quality maintained. With this result, we
would like to encourage institutions to concern them-
selves with knowledge of the technical parameters of
their imaging systems, standardize their procedures,
and establish ALARA principles as a key competence
for endovascular surgery education and training.
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