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Lucerne milestone approach for benchmarking and

education: Towards ultra-low dose endovascular aortic

repair
Maani Hakimi, MD,a Alina Reeg, MD,a Juan Antonio Celi de la Torre, MD,a Georg Jung, MD,a

Tomàs Reyes del Castillo, MD,b Justus Roos, MD,b and Thiago Lima, MD,b Lucerne, Switzerland
ABSTRACT
Objective: The aim of this single-center case series is to demonstrate that an ultra-low dose (ULD) can be routinely
achieved in the hybrid operating room in standard endovascular aortic repair (EVAR) for infrarenal abdominal aortic
aneurysm by adjusting the manufacturer’s predefined imaging parameters, hardware configurations and user protocols
(including benchmarking).

Methods: The hybrid operating room manufacturer predefined EVAR software setup of the dose exposure control
software (OPTIQ, Siemens Healthineers, Forchheim, Germany) at our university medical center was screened for possible
improvements regarding radiation dose application. Tests on a water-equivalent as well as polymethyl methacrylate
phantom model to assess the impact of technical settings were performed, including comparison of settings for
exposure control software, different magnification, collimation configurations and detector distance. All results were
transferred into modified setups for the exposure control software and a new ULD procedure protocol for EVAR. Addi-
tionally, to standardize the clinical pathway, the Lucerne EVAR Milestone Approach (LEMA) was introduced including
preoperative, perioperative, and postoperative milestones for technical procedure content and dose benchmarking
during EVAR. A validation of the new settings including revised software setup, procedure protocol, and applicability of
LEMA on a consecutive EVAR case series was conducted. Ten consecutive patients undergoing EVAR for low and me-
dium complexity infrarenal abdominal aortic aneurysm were included. The primary outcome parameter was intra-
operative dose area product (DAP, measured in Gy$cm2). Secondary outcomes were median fluoroscopy time (in
minutes:seconds), cumulative air kerma (in mGy), clinical success, and occurrence of endoleaks.

Results: New ULD settings compared with previous manufacturers standard settings of dose exposure control software
reduced DAP for both fluoroscopy (0.0382 Gy$cm2/min vs 0.3 Gy$cm2/min) and angiography (2.36 Gy$cm2/min vs 2.48
Gy$cm2/min). Digital magnification and collimation decreased DAP. Application of the new ULD standard EVAR protocol
resulted in amedian DAP of 5.6 Gy$cm2 (range, 3.54-12.1 Gy$cm2). Median fluoroscopy timewas 16minutes and 32 seconds.
Type I endoleaks occurred innopatients (0%), type II in fivepatients (50%), and type III in nopatients (0%).Nopatient had to
undergo reintervention owing to endoleak or absence of diameter shrinkage during the first postoperative year.

Conclusions: Revision of the manufacturer-predefined EVAR setup by testing and ensuring optimal imaging parameters
and hardware configurations in combination with LEMA enabled performance of ULD standard EVAR procedures
routinely without compromising imaging quality. (J Vasc Surg Cases Innov Tech 2025;11:101705.)
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The technical environment for imaging in hybrid oper-
ating rooms (HOR) is an innovative and crucial aspect
in reducing radiation dose. Endovascular techniques for
treating aortic pathologies have been implemented for
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approximately 30 years.1,2 Since the early 2000s, fenes-
trated and branched aortic grafts have been increasingly
developed followed by techniques to even treat the
aortic arch with fenestrated stent grafts during the last
decade.3-5 In summary, complex endovascular methods
have been established in specialized clinics, with focus
shifting from feasibility to workflow optimization and
procedure enhancement.6,7

Consequently, radiation exposure durations and
amounts of radiation per procedure are increasing,
both individually and cumulatively.8 This trend results
in escalating radiation exposure not only for patients,
but also for operating room personnel.9,10 Scientific liter-
ature reports a wide spectrum of dose area products
(DAPs) for standard endovascular aortic repair (EVAR) in
HORs from 12 Gy cm2 up to 181 Gy$cm2.11,12 The average
DAPs reported in studies using mobile C-arms or fixed
1
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imaging systems reach even higher.13 Thus, dose reduc-
tion during EVAR plays an elemental role in workflow
optimization.
The increasing effort to reduce dose has been accom-

panied by the introduction and development of
HORs.14,15 This process also includes cultivation of a
dose-saving mindset to decrease exposure for patients
and staff alike.16,17 With the newest generation of HORs,
dose reduction and associated image quality improved
significantly influenced by the software behind this tech-
nology. Also, image fusion software techniques with nav-
igation tools enable high end surgery with even lower
radiation doses.18 Adjunctive guidance technologies,
such as fiberoptic real shape (FORS) or use of intravas-
cular ultrasound (IVUS) examination, are also increasingly
implemented. To closely adhere to as low as reasonably
achievable (ALARA), detailed understanding of the
angiographic imaging system is key. However, evidence
for the most efficient technical approaches to dose
reduction in a modern HOR remains limited, despite
the available literature on perioperative radiation reduc-
tion, suggesting limited technical knowledge of respec-
tive tools among vascular surgeons.19,20

The objective of this study was to demonstrate that
knowledge of technical environments enables optimiza-
tion of imaging parameters and hardware configuration
and thus allows standard EVAR to be performed
routinely as ultra-low dose (ULD) procedure, defined as
a DAP of <10 Gy$cm2.

METHODS
Study overview and software configuration. Before the

conduct of this study, the HOR system (ARTIS pheno ro-
botic C-arm, Siemens Healthineers, Forchheim, Ger-
many) was using software version VE10 and exposure
control software was set with factory setup. After the
installation of a premarket contrast-to-noise ratio (CNR)
exposure control software test version, pretests were
performed during EVAR with the adaption of CNR set-
tings towards surgeons ALARA preferences resulting in
low-dose setup and ULD setup (for details see the
Appendix).
With these setups as a starting point, this study was

conducted in two steps. First, preliminary tests on phan-
toms were carried out to validate the adapted CNR
exposure control software settings. Simultaneously, the
previous surgical standard operating protocol (prSOP)
for standard EVAR was fundamentally revised. Standard
EVAR was defined as without fenestrations, branches,
surgical modifications, or snorkel techniques. To coordi-
nate the new ULD-SOP with technical settings of the
HOR and to monitor dose, Lucerne EVAR Milestone
Approach (LEMA) was introduced. LEMA divides the
whole EVAR procedure of indicating, sizing, planning,
performing and documenting in different workflow
steps (milestones). LEMA was also implemented to stan-
dardize reporting of the workflow and dose levels (per
milestone). For each milestone, quality standards, surgi-
cal manual steps, imaging parameters and reporting
are defined.
Second, ULD software setup including the adapted

CNR premarket version with a new ULD organ dose pro-
gram as a part of the exposure control software, surgical
ULD-SOP and LEMA were tested on a case series. As an
outcome of the study, the VE20 software has been
released to the market. It incorporates OPTIQ as an expo-
sure control software. OPTIQ includes the CNR software
version and the ULD organ dose program that were
refined and validated during this investigation. Detailed
information about the study workflow can be found in
Fig 1.

Pretests (water-equivalent phantom and PMMA
phantom). To understand the technical parameters, the
HOR environment (Table I) was characterized. Before this
study, qualitative tests for different software and hard-
ware settings were performed on a water-equivalent
phantom (water tank). This strategy included settings of
ARTIS pheno and exposure control software (CNR
adaption to surgeons ALARA preferences) resulting in an
ULD mode (see Appendix). Second, the impact of colli-
mation and digital magnification on DAP during digital
subtraction angiography (DSA) and fluoroscopy were
quantified using a polymethyl methacrylate (PMMA)
phantom (16.6 � 30 � 30 cm; height � width � length). A
maximum source image receptor distance of 110 cm was
used, and the initial magnification by digital zoom was
42 cm. An average of four measurements (15 seconds
each) were taken for each evaluated step. The custom-
ized setup comprised two frames per second in fluoros-
copy mode and four frames per second in DSA mode.
While striving to reduce radiation dose, adjustments
were to leave image quality unaltered. Within the expo-
sure control software algorithm, the image quality
parameter is defined as CNR on the output image.
Different scan modes were evaluated (factory setup, low-
dose setup, /ULD setup) in addition to the use of digital
magnification (reference 42 cm, tested 50, 42, 32, 22, and
16 cm) and collimation. Cumulative air kerma (in mGy),
and DAP in Gy$cm2 were recorded. Once the effects of
the parameters were studied, adjustments to imaging
settings were made and implemented into ULD-SOP.

EVAR protocol (prSOP/ULD-SOP). Standard EVAR has
been performed formerly with prSOP and HOR
manufacturer predefined software setup. prSOP defines
the order of manual steps, their technical application,
and the imaging steps during standard EVAR (Table II).
To develop ULD-SOP, first, the predefined software setup
was evaluated and refined by the pretests of this study.



Fig 1. Study workflow embedded into the timeline of hybrid operating room (HOR) setup evolution. ALARA, as
low as reasonably achievable; CNR, contrast-to-noise ratio; EVAR, endovascular aortic repair; LEMA, Lucerne
endovascular aortic repair milestone approach; prSOP, previous surgical standard operating protocol; SOP,
standard operating protocol; ULD, ultra-low-dose.
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Then, results regarding surgical steps were transferred
with expertise of local endovascular surgery senior ex-
perts to the new ULD-SOP with respect to strict ALARA.

LEMA. LEMA comprises the whole surgical workflow
from preoperative planning to postoperative follow-up
(Table III). LEMA also aims to standardize education for
surgical residents and enable benchmarking for radia-
tion dose during endovascular surgery.

Study design and patient cohort. The local ethics com-
mittee of the region approved this prospective feasibility
study cohort (REQ-2023-00,705). Ten consecutive pa-
tients undergoing EVAR in our university teaching and
research hospital between August 2020 and January
2021 were included. Informed consent was obtained
from all patients. Inclusion criteria were elective indica-
tion for EVAR according to current guidelines and low
and medium anatomical complexity suited for standard
EVAR.21 Detailed information about inclusion and
exclusion criteria can be found in Table IV.
EVAR was performed primarily using the trimodular

TREO Endograft (Terumo Aortic, Bolton Medical Inc.,
Sunrise, FL; standard device in our institution) by four
different vascular surgeons, all certified in radiation
safety. Contrast agent was administered in a one-to-
one ratio with saline solution, with each shot containing
12.5 mL of contrast agent.

Primary and secondary outcome parameters. The pri-
mary outcome parameters were DAP (in Gy$cm2,
obtained from the structured system dose report) and
achievement of ULD defined as a DAP of <10 Gy$cm2.
Secondary outcomes included fluoroscopy time (in
minutes:seconds), cumulative air kerma (in mGy), and
clinical success as defined by the Society for Vascular
Surgery Reporting Standards. Clinical success implies
technical success paired with treatment success and
the absence of mortality or severe perioperative
morbidity.22 The distance between the proximal begin-
ning of the endoprosthesis fabric and the vascular orifice
of the lower kidney artery was assessed for surgical ac-
curacy. Completion follow-up comprised time between
surgery and 1-year follow-up computed tomography (CT)
scan with respect to guidelines.23 Regarding LEMA, DAPs
for each milestone were included.

Data management. Diameter and determinations
regarding distances as well as the assessments of endo-
leaks were carried out in the postoperative CT scan and
using MERLIN Diagnostic Workcenter (Phönix PACS
GmbH, Freiburg im Breisgau, Germany). For data extrac-
tion, the electronic medical record system EPIC (Epic
Systems Corporation, Verona, WI) was used. Data were
collected in an Excel spreadsheet (Microsoft, Redmond,
WA) and used for further calculation.

Statistical analysis. Statistical analysis was also per-
formed in Excel. Continuous variables were described
as means with standard deviation or medians with inter-
quartile ranges, as well as minimal and maximal values.



Table I. Hybrid operating room (HOR) environment

Components Specification Manufacturer description

Floor-mounted
robotic C-arm

Artis
pheno

Nine degrees of freedom
supporting flexible
positioning and wide
reach of C-arm, 2D and 3D
imaging in virtually any
patient position, freely
adjustable working height
for 2D imaging, 3D
imaging possible even
with a tilted table top.

Software version VE10 Manufacturer setup.

Exposure control
software

VE10 plus
modified
CNR

Premarket test version of
contrast-based technique,
supported by intelligent,
self-adjusting algorithms,
automatically considers
source image receptor
distance, collimation
settings, grid status, and
patient thickness to find
and apply best suitable
combination of the five
radiation exposure
parameters and the
detector dose as an
additional variable.

Exposure control
software

VE20 plus
OPTIQ

Commercially available
version of VE10 upgrade
including findings of this
study regarding exposure
control software.

Live 3D
endovascular
guidance
system

EVAR 3D
Guidance

Overlay of 3D information
on top of live fluoroscopy
to deliver optimized C-
arm angulations, precise
3D overlay and guidewire
and catheter navigation

2D, Two-dimensional; 3D, three-dimensional; CNR, contrast-to-noise
ratio; EVAR, endovascular aortic repair.

Table II. Previous surgical standard operating protocol
(prSOP)

Traditional standard EVAR protocol

Preoperative planning

a. Choice of procedure

b. Preoperative device selection and sizing

c. Definition of beam angulations for
parallaxes correction

d. Implantation order and access method
(percutaneous or cut down)

e. Selection of imaging software mode
(standard was low dose)

Intraoperative

f. 2D/3D registration for fusion imaging

g. Intraoperative use of EVAR 3D guidance

h. Strict definition of DSA sequences

i. Minimal detector distance

j. Beam angulations as much as reasonable

k. Avoid magnification

l. Maximum collimation

m. Ballooning of landing and overlap zones (1 or
2 balloons)

3D, Three-dimensional; DSA, digital subtraction angiography; EVAR,
endovascular aortic repair.
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RESULTS
Pretests: Water-equivalent and PMMA phantom. Pre-

tests were first carried out on water-equivalent phan-
tom for adjustment and then validated on a PMMA
phantom. Based on the water-equivalent phantom pre-
tests, settings of the CNR exposure control software were
adapted to surgeons’ ALARA preferences. Parameters
were then reproduced and validated by the PMMA
phantom. Three different imaging protocols (factory,
low-dose, and ULD setups) for exposure control software
were compared in fluoroscopy and DSA modes.
For fluoroscopy, the factory setup results were 0.3

Gy$cm2 per minute, low-dose setup results were 0.04
Gy$cm2 per minute, and ULD setup results were 0.0382
Gy$cm2 per minute. For DSA, factory setup results were
2.48 Gy$cm2 per minute, low-dose setup results were
2.42 Gy$cm2 per minute, and ULD setup results were
2.36 Gy$cm2 per minute.
Fig 2 shows the obtained impact of magnification on

DAP. By using digital magnification, DAP could be
reduced by #79% (for a 16-cm field of view) with respect
to the reference setup of a 42 cm field of view. Further-
more, the use of collimation reduced DAP and scattered
radiation proportional to the reduction in the imaged
area.

EVAR protocol (prSOP/ULD-SOP). Deriving results from
pretests, we applied changes to prSOP for standard
EVAR to introduce ULD-SOP. Concerning the steps of
prSOP, steps a to d remained unaffected. For step e, the
ULD software mode was designated as the new standard
setting for imaging. Steps f to h remained unchanged.
Additionally, a dose guy was introduced to supervise ra-
diation dose usage. The operating teams consist of a ju-
nior and a senior vascular surgeon, and the role of the
dose guy is always taken by the senior surgeon. The dose
guy’s responsibility is to intervene during the EVAR pro-
cedure to address aspects for radiation reduction, such
as use of the correct dose software setup, collimation, or
zoom. Use of digital magnification is recommended as
much as reasonable. For persistent endoleaks type I or III,
ballooning of landing and overlap zones was now per-
formed routinely with two balloons to avoid recurrent
angiographies.



Table III. Lucerne endovascular aortic repair (EVAR) milestone approach (LEMA)

Time point Steps Settings and recommendations

Preoperatively 1. Decision-making: strategic conceptualization based on patient demo-
graphics, comorbidities and anatomy (choice of procedure)

2. Planning and device sizing: planning procedure based on CT scan (device
type/length/diameter/positioning, landing zones, ostia rings, beam angula-
tions for parallaxes correction), implantation order and access method
(percutaneous or cut down)

Intraoperatively 3. 2D/3D Registration: two 90� fluoroscopy images merged with 3D preopera-
tive CT image

4. Re-registration: after insertion of wire and stent readjustment of the overlay
to the actual anatomy to reach real time roadmap

5. End of cannulation contralateral leg: end of contralateral leg cannulation
with full deployment (cumulated dose of fluoroscopy images and DSA se-
quences measured)

6. Full deployment and completion DSA: end of deployment of main body and
ipsilateral leg (cumulated dose of fluoroscopy image and DSA sequences
measured)

7. Cone beam CT (optional): mostly used in fenestrated and branched EVAR
procedures, not in standard EVAR procedures

d Imaging software mode ul-
tra low dose

d Use of EVAR 3D guidance
d Strict definition of DSA

sequences
d Maximize digital magnifica-

tion and collimation
d Reduce detector distance

and beam angulation
d Attendance of a dose guy
d Two ballons for landing and

overlap zones

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

2D, Two-dimensional; 3D, three-dimensional; CT, computed tomography.

Table IV. Inclusion and exclusion criteria for patient
selection

Inclusion criteria Exclusion criteria

Elective surgery Emergency cases

Infrarenal aortic aneurysm High anatomical
complexitya

Mild to moderate anatomical
complexitya

Hostile neck anatomyb

Age >18 Access side problems

Legal capacity of patient to
agree to surgery

Concomitant vascular
lesions (eg, iliac
aneurysm)

Endovascular approach with
standard three modular
device

Infections of patient

aTzanis E, Ioannou CV, Tsetis D, et al. Complexity-based local diagnostic
reference levels (DRLs) for standard endovascular aneurysm repair
(EVAR) procedures. Phys Med 2020; 73:89-94.
bAntoniou GA, Georgiadis GS, Antoniou SA, et al. A meta-analysis of
outcomes of endovascular abdominal aortic aneurysm repair in pa-
tients with hostile and friendly neck anatomy. J Vasc Surg 2013;
57(2):527-38.
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LEMA. The ULD-SOP was organized in a new shape and
embedded into LEMA. LEMA consists of eight milestone
steps, five of which are intraoperative. It enables stan-
dardization of EVAR planning and implantation in the
HOR and allows for systematized reporting and stepwise
benchmarking of dose application (dose check points at
the end of each intraoperative milestone). For the full
view of LEMA (including ULD-SOP), see Table III. During
the case series, LEMA enabled the collection of detailed
dose information.

Case series: Patient characteristics. Ten consecutive
patients out of 43 planned EVARs were suitable for enrol-
ment. Nine patients were male (90%), mean age was
70.3 6 6.4 years, and the mean body mass index was
26.1 6 4.2 kg/m2. Minimum proximal landing zone was
14 mm (14-42 mm), maximum aneurysm sac diameter
was 59 mm (37-59 mm). All indications were set accord-
ing to current guidelines. Seven patients were indicated
for surgery owing to aneurysm diameter primarily. Three
patients presented with an aortic aneurysm diameter
below threshold, including one patient presenting with
abdominal pain during palpation and two patients
with aneurysmatic configurations owing to plaque
rupture with rapid diameter progression (>1 cm in
6 months). For nine patients (90%) a TREO stent graft
was used, and one patient (10%) received a Gore
Excluder stent graft (W. L. Gore & Associates, Inc., Newark,
DE). For detailed patient characteristics including
anatomical measures of the aneurysm, see Table V.
Primary outcomes. The median DAP was 5.6
Gy$cm2 ranging from 3.54 to 12.10 Gy$cm2. ULD EVAR
was achieved in eight patients (80%). Individual DAP
for each patient with respect to fluoroscopy time is
presented in Table VI.

Secondary outcomes. The median fluoroscopy time
was 16 minutes 32 seconds (7 minutes 42 seconds to



Fig 2. Impact of digital zoom on dose area product (DAP) for fluoroscopy and digital subtraction angiography
(DSA) during phantom pretests.

Table V. Patient characteristics (n ¼ 10)

Mean (min-max)

Age, years 70.3 (61.0-79.0)

Weight, kg 84.05 (59.5-105.0)

Height, m 1.77 (1.59-1.89)

BMI, kg*m2 26.70 (21.90-34.16)

Proximal landing zone length, mm 30 (14-42)

Iliac landing zone length right, mm 59.7 (15.0-90.0)

Iliac landing zone length left, mm 61.9 (45.0-84.0)

Lower kidney to fabric distance, mm 3.5 (0.0-15.0)

Diameter of AAA, mm, median (IQR) 51 (8.75)

Diameter of neck, mm 20.2 (15.0-24.0)

AAA, Abdominal aortic aneurysm; BMI, body mass index; IQR, inter-
quartile range.
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25 minutes 43 seconds). Clinical success was achieved in
all patients (n ¼ 10). The mean distance between fabric
and vascular outlet of lower kidney artery was 3.5 mm.
There were no type I or III endoleaks. Type II endoleaks
were present in five cases, with retrograde inflow from
the inferior mesenterial artery (n ¼ 3) and lumbal arteries
(n ¼ 3). Two patients had an endoleak type II resulting
from retrograde inflow of both arteries. In one case, a
type II endoleak via A. circumflexa ilium profunda on
both sides was present. During hospitalization owing to
EVAR, one patient experienced perforation of a previ-
ously reported sigma diverticulitis. According to histo-
pathological results of resected intestine, there was no
evidence of affected microperfusion or major sigmoid
ischemia. All patients completed 1-year follow-up CT
scans. Detailed information on outcomes can be found
in Table VII. Regarding LEMA, Milestone 5 covering
insertion and deployment of the main body and the
contralateral leg has been responsible for 2.23 Gy$cm2,
representing almost 40% of DAP for the procedure.
Detailed dose information for each milestone can be
found in Table VIII.

DISCUSSION
Aortic endovascular procedures, including the use of

fenestrated and branched endoprostheses, are now
widely adopted. Dose reduction during endovascular
procedures is an important challenge, addressed
through SOP-based, optimized and accurate implanta-
tion procedures, facilitated by navigation aids and addi-
tive methods such as FORS or IVUS examination. This
study aims to demonstrate reduced radiation intensity
during application, emphasizing the need for standard-
ized reporting.
The reduction of radiation dose in endovascular surgery

ensures health protection for patients and staff and
serves as a surrogate marker for process quality.13 This
study demonstrates that standard EVAR procedures
with ULD defined as a DAP of <10 Gy$cm2 are possible
routinely. These values apply to standard interventions
for abdominal aortic aneurysm with a simple and mod-
erate difficulty level in a modern HOR.21 A differentiated
workflow and benchmarking system (LEMA) was applied
to reduce and evaluate radiation dose. Prerequisites for
the workflow underlying this study included the analysis
of technical conditions (pretests on a phantom model),
software adjustments, adaptation of the workflow to
technical specifications, team training, and education.

HOR environment. Medical technology companies
have developed variables for dose reduction requiring
consideration during surgery. This study showed that
digital magnification in the HOR significantly reduced
dose compared with magnification options of



Table VI. Individual dose area product (DAP) and fluo-
roscopy time

Patient
DAP,

Gy$cm2
Fluoroscopy time,
minutes:seconds

1 4.71 08:10

2 9.21 11:59

3 7.01 18:57

4 3.57 17:17

5 12.1 11:46

6 5.99 15:20

7 3.54 19:30

8 5.2 25:43

9 11.1 19:24

10 4.21 07:42

Table VII. Primary and secondary outcomes (n ¼ 10)

Mean (minimum to
maximum)

or number (%)

DAP, Gy$cm2 5.60 (3.54 to 12.10)

Fluoroscopy time,
minutes:seconds

16:32 (7:42 to 25:43)

Clinical success 10 (100)

Endoleak Type I 0

Endoleak type II 5 (50)

Endoleak type III 0

Ultra low DAP 8 (80)

DAP, Dose area product.

Table VIII. Dose area product (DAP) with regard to
Lucerne endovascular aneurysm repair milestone
approach (LEMA) milestones

LEMA milestone

Median
DAP,

Gy$cm2

Minimum
DAP,

Gy$cm2

Maximum
DAP,

Gy$cm2

3. 2D/3D registration 0.63 0.03 0.94

4. Re-registration 1.65 0.67 2.99

5. End of cannulation
contralateral leg

2.23 1.12 4.58

6. Full deployment and
completion DSA (end of
procedure)

1.09 1.72 3.59

Cumulative DAP 5.60 3.54 12.10

DSA, Digital subtraction angiography.
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predecessor models or conventional devices. Adjust-
ments of software parameters reduced radiation dose
during fluoroscopy by 54% and during DSA by 91%. The
applied ULD software setting was previously adjusted
and tested with the medical technology company. These
aspects underline the influence of the surgical workflow
on dose and thus its importance for radiation reduction.
For instance, as shown in this study, DSA can be used
very gently and without a loss of quality during implanta-
tion, as well as for final on-table imaging while
complying with ULD and ALARA. Reducing angulation
and radiation duration, along with understanding
imaging technology, are crucial for successfully imple-
menting ULD.

Evaluation of dose levels. The use of radiation in endo-
vascular surgery is increasingly investigated by the
vascular scientific community. Different parameters
such as fluoroscopy time, DAP, or skin dose for the
evaluation of radiation dose are widely spread.12,24 In
addition, the physical units are often specified differ-
ently (DAP units).12,25 Consequently, this process leads
to a data situation hardly allowing comparison and
prone to misunderstandings in dose reporting. Previous
analyses also indicate a wide range of reported dose
levels for vascular surgical interventions.13 Furthermore,
some reports include interventions with very distinct
difficulty levels or several types of procedures.26 Differ-
entiating the peculiarities of surgical methods in terms
of radiation intensity is thus hardly possible. A recently
introduced complexity indices classification for EVAR
procedures suggested 144.2 Gy$cm2 as the diagnostic
reference level (DRL) for low complexity interventions.21

In some countries, regulations or guidelines exist
regarding dose ranges that should be adhered to as
upper limits per procedure.27 These DRLs are based on
relevant but older studies, highlighting the relevance
on continually updated exposure information.24,28,29

Consequently, corresponding guidelines and thus the
protection of patients and staff from increased
radiation exposure depend on a continually updated
database in literature.

LEMA for benchmarking. In this study, a reporting and
benchmarking protocol was designed and applied,
dividing the procedure into different milestones. This
benchmarking is intended to provide several benefits.
By gathering dose data continuously during the inter-
vention, the respective procedure can be compared at
each intraoperative milestone with the designated
benchmark. This process allows an early estimate of
whether the procedure’s radiation dose falls within the
intended corridor for the final DAP. Deviations might
serve as early indicators of either faulty adjustments of
technical parameters or unplanned proceedings of the
procedure. In both cases, corrections or optimizations
of settings are indicated and necessary regarding ALARA.
Furthermore, benchmarking enables a comparison of
surgeons’ performance and quality of surgical workflow
not only within a center, but also across various institu-
tions. By division into milestones, comparability between
different types of procedures is also facilitated. For



8 Hakimi et al Journal of Vascular Surgery Cases, Innovations and Techniques
April 2025
instance, the DAP for an additional cone beam CT scan
can be deducted specifically, and the remaining proced-
ure can then be compared within a pool of EVAR inter-
ventions. Also, comparison of different imaging systems
is possible through LEMA.

LEMA for standardization and workflow optimization.
The prerequisite for LEMA is a highly standardized proce-
dural flow including ULD-SOP. Since the choice of
method and implementation of the procedure (eg, a two-
modular or tri-modular system) influences dose and
intraoperative course, these are also embedded into
LEMA. Planning of execution, including beam angulations
during surgery, evaluation of landing zone use, and con-
siderations regarding DSA duration are crucial for dose.
This also comprises navigation program application with
an overlay function (syngo EVAR Guidance, Siemens
Healthineers, Forchheim, Germany) producing an intra-
operative maximum DSA projection image, as an impor-
tant dose saving module. Its use also requires thorough
preoperative planning and parameter selection.
Predefined imaging parameters were assigned to each

milestone enabling comparability among surgeons. This
highly standardized course facilitates comparability,
especially for standard interventions. The strength lies
in standardization of intervention as a basis for resident
education, evaluation of equipment settings, and repro-
ducibility. Complex interventions require an adapted
approach, because principles can be transferred, but
their workflow steps cannot be as rigidly standardized
as for standard EVAR. Through the adjustment of our im-
aging parameter settings and strict use of LEMA, the ra-
diation dose for standard EVAR in our institution could
be reduced by 86% from 40 Gy$cm2 to approximately
5.5 Gy$cm2 with lowest reported DAP of 2.4 Gy$cm2 in
a single case.30

LEMA for education. With the introduction of LEMA,
the impact of technical settings and equipment condi-
tions as well as their application during EVAR can be
trained precisely. The objective is to integrate individual
benchmarking into training protocols, facilitating adap-
tation of the HOR environment as a natural surrounding
during initial phases of surgeon’s education.
For future generations of vascular surgeons, the focus

will shift from feasibility of procedures towards their pre-
cision and automation. Therefore, the HOR environment
with its equipment and technical conditions is an essen-
tial surrounding and knowledge of the associated mech-
anisms should be an indispensable part of vascular
surgeon’s education. Thus, the purpose of LEMA is not
to compete for lowest radiation dose. Instead, the focus
is on assessment of the use of radiographs in aortic sur-
gery. LEMA can also serve as a learning foundation for
complex procedures, even if these are not suitable for
highly standardized workflows.
Alternatives. The presented approach is specific to the
outlined surgical and technical environment and work-
flows of our institution. Radiation savings can be achieved
in HORs from other manufacturers or through numerous
other means, also depending on the conditions of the
respective facility and the operators’ knowledge of their
mechanisms. LEMA aims at radiation avoidance in the
best ALARA sense. Radiation avoidance can thus be
seen a result of good planning, precise preparation, expe-
rience, education, and technical environment.17,14 The use
of transcutaneous duplex ultrasound examination, IVUS
examination, or the recently introduced fiberoptic navi-
gation are additional options that have yet not been
incorporated into our concept. However, even with using
FORS technology in a specialized endovascular center,
average DAP for EVAR was 102.7 Gy$cm2.31

Outlook. Radiation will become an increasingly consid-
ered parameter in endovascular surgery, assessing proce-
dural quality not only for patients but especially for staff.
Their radiation protection and thus occupational health
must be a significant motivator for radiation exposure
reduction. In more standardized procedures, radiation
exposure is particularly measurable and comparable,
thus serving as an important surrogate parameter in
the thoroughness of implementation. By benchmarking
individual surgical steps, effects of innovations and stra-
tegies can be assessed. Deviations from predefined
benchmarks can also facilitate solving intraoperative ob-
stacles. In the future, broadly gathered data for mile-
stones have the potential to be applied by official
institutions for DRL forming, or in context of centraliza-
tion and allocation of procedures to specific centers.
Standardization is also a crucial requirement towards
desired automation of endovascular procedures.

CONCLUSIONS
Currently, the focus in endovascular aortic surgery is on

issues regarding optimization in various process areas.
These issues include navigation, prosthesis design, and
radiation reduction. ULD can be achieved routinely ac-
cording to the present and other studies, but requires
technical knowledge, process protocols, and education.
A key future topic could be automation of the procedure
and similar measures for complex endovascular aortic
procedures.
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