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ABSTRACT

Purpose To analyze the quality of endovascular aortic
aneurysm repair using the data of the DeGIR quality manage-
ment system. Comparison of data between 2011 and 2019.
Materials and Methods A retrospective analysis of all data
registered in the DeGIR quality management system of the
year 2019 was performed regarding the treatment quality for
endovascular aortic aneurysm repair. Registration of data was
voluntary. As quality parameters indication, treatment
process data and quality of results were examined. The latter
was judged by treatment success, complication rates and
radiation exposure.

Results Out of 189590 data sets overall 1639 cases of EVAR
were registered; compared to 2011 this was an increase of
472 cases. 5.9% of these cases encompassed emergency
treatments. The most frequent indication was an abdominal
aneurysm with 72 % of cases. In 54 % of cases, the aortic
diameter ranged 50-70 mm. The rates for technical success,
over all complications and major complications were 92.8 %,
6.7 % and 6.0 % respectively for all EVAR including emergency
indications. In general, EVAR yielded a mortality rate of 1.2%
while emergency procedures had a mortality rate of 7.3 %.
Median dose area product and fluoroscopy time were 10503
cGy x cm2 and 20 minutes respectively at a mean procedure
time of 114 minutes.

Conclusion Data analysis of the DeGIR quality management
system persistently showed a very high technical success rate
for endovascular aortic aneurysm repair performed by inter-
ventional radiologists accompanied by a low complication rate.

Key Points

= The voluntary DeGIR quality assurance-system has reached
high acceptance among interventional radiologists.

= The database has nearly 200 000 submissions on record for
2019.

= EVAR by interventional radiologists has shown very high
technical success as well as a low complication rate.
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ZUSAMMENFASSUNG

Ziel Analyse der Behandlungsqualitdt der endovaskularen
Versorgung von Aortenaneurysmen anhand der Eingaben in
das DeGIR-Quialitdtssicherungssystem. Vergleich der Entwick-
lung der Daten aus dem Qualitatsreport von 2011 und 2019.
Material und Methoden Alle Registerdaten des Jahres 2019
zur Behandlungsqualitdt der endovaskuldren Versorgung von
Aortenaneurysmen (EVAR) des freiwilligen DeGIR-Qualitdtssi-
cherungssystems wurden retrospektiv ausgewertet. Als Quali-
tatskriterien dienten Indikation, Therapieprozess und Ergeb-
nisqualitdt. Ergebnisparameter waren Therapieerfolg,
Komplikationsraten und Strahlenexposition.

Ergebnisse Von insgesamt 189590 im Jahre 2019 in das
Register eingepflegten Datensédtzen beschreiben 1639 die

Behandlung eines Aortenaneurysmas; gegeniliber 2011
erhohte sich die absolute Zahl somit um 472 Félle. Bei 5,9 %
der Félle handelte es sich um eine Notfallindikation. Die
haufigste Indikation zur EVAR-Behandlung stellte mit 72 %
das abdominelle Aneurysma dar. Der Aortendurchmesser lag
in 54 % der Falle zwischen 50 und 70 mm. Bezogen auf alle
EVAR einschlieRlich der Notfallindikationen betrug der
technische Erfolg 92,8 %, wédhrend die Raten fiir Komplika-
tionen gesamt 6,7 % und fiir Major-Komplikationen 6,0 %
betrugen. Die Letalitdtsrate aller EVAR betrug 1,2 % und die
der Notfallbehandlungen 7,3 %. Die Mediane des Dosisfla-
chenprodukts und der Durchleuchtungszeit lagen bei
10530 cGyxcm? und 20 min bei einer medianen Prozedur-
dauer von 114 min.

Schlussfolgerung Die Datenauswertung des DeGIR-Quali-
tatssicherungssystems belegt eine konstant sehr hohe tech-
nische Erfolgsrate der durch interventionelle Radiologen
durchgefiihrten EVAR-Prozeduren bei geringer Komplika-
tionsrate.

Introduction

Since 1994, the German Society for Interventional Radiology and
Minimally Invasive Therapy (DeGIR) has been collecting treatment
data of minimally invasive radiological interventions in its volun-
tary quality assurance system (DeGIR QA system) [1]. The goals
are to measure, assure, and improve the quality of treatment for
all interventional radiology procedures [1, 2].

Participation in the DeGIR QA system is voluntary. Participation
and reporting of minimum numbers in the corresponding inter-
ventions are a mandatory requirement for certification of hospi-
tals as an Interdisciplinary Vascular Centre. This enables DeGIR to
issue certificates of qualification of individuals and training insti-
tutions exclusively to appropriately qualified and experienced
individuals and clinics.

The software used for documentation is continuously
improved, supplemented and adapted to the development of
individual interventional therapy methods based on user feed-
back. In 2015, there was a change of software to a new system,
which temporarily led to a decrease in all reported interventions.
The new system makes it possible to use the software as a basis
for registry studies including long-term follow-up.

The aim of this paper is to reflect the everyday quality of care
for endovascular care of aortic aneurysms using 2019 coded data
and compare it to data collected in 2011 [3].

Materials and Methods

All data sets for the interventional treatment of aortic aneurysms
from the DeGIR Registry from 2011 and 2019 were evaluated
according to the following criteria: demographics, interdisci-

plinary indication, aneurysm location and size, type of anesthesia,
access routes, radiation exposure as well as success, partial
success, failure and complication rates. Trends of the intervention
numbers were continuously collected from the data registry for
the years 2011 to 2019. The results are presented in the form of
descriptive statistics with medians and interquartile range (IQR)
or as a mean value with standard deviations. The information on
radiation exposure is shown as box plots. In principle, the data
from 2011 are placed at the end of the data from 2019 in [square
brackets].

Results

DeGIR data pool

For 2019, 189590 records of interventional radiology procedures
were collected. This represents an increase by a factor of 2.3 com-
pared to the 82881 records in the 2011 DeGIR-QA system. Treat-
ment of aneurysms by implantation of stent grafts in the various
aortic segments and in other arterial aneurysms of the trunk and
extremities ranks 9th among the most common interventions in
the DeGIR data pool in 2019, as it did in 2011. Of the total of
2346 aneurysm treatments, typical abdominal EVAR interven-
tions made up the largest proportion with 1639 in 2019; in 2011
there were 1167 typical EVAR interventions. The trend of docu-
mented EVAR intervention numbers from 2011 to 2019 increased
by 472 cases, from 1167 to 1639. Of 102 centres in Germany with
documented EVAR treatments in 2019, 28 hospitals met DeGIR
certification requirements as training centres, and 14 of these
performed more than 50 procedures in 2019.
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EVAR targets (aneurysm locations) 2019 vs. 2011
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» Fig. 1 Overview of the different aneurysmal localizations of EVAR interventions in 2019 (n=1639) compared to 2011 (n=1167). An increase in
absolute numbers is seen in all aortic sections. In relative terms, a shift from the abdominal aorta to the thoracic sections is evident.

Patients

The treated patients included 1322 men [993 in 2011] and
317 women [174]) aged 16-102 years [32-101] (mean 72.9 years
[73.3], median 74.2 years [74]).

The median of the age distribution is almost identical over
time. The higher proportion of women with treated AAA in 2019
is notable. While the ratio of men to women was 6:1 in 2011, it
was only 4:1in 2019.

Indication

Although only initial and single interventions were recorded in
2011, 3.8 % (63 cases) reflected multiple interventions in 2019.
Compared to 2011, the proportion of emergency interventions
was reduced to half in 2019. Accordingly, emergency indications
outside of routine service occurred for 96 patients (5.9 %)
[145 patients (12.4 %)], and the remaining 1543 patients (94.1 %)
were treated during regular service hours.

Since the interdisciplinary indication is viewed by the DeGIR as
an essential quality feature, related information has meanwhile
become a mandatory coding item. Whereas in 2011, only
915 records (78.4 %) contained a joint indication with at least one
other discipline or in the context of an interdisciplinary vascular
conference, the indication for EVAR 2019 was made on an inter-
disciplinary basis in 1639 cases. If radiology is excluded as a
coding specialty, surgery was most frequently involved in inter-
disciplinary indications (92.2 %) followed by anesthesiology
(36.5 %) and internal medicine (13.9 %).

Even in emergencies, an interdisciplinary decision for EVAR was
made in 91 cases (95 %). While the participation of internal medi-
cine compared to elective EVAR was halved to 7.7 %, otherwise the
same specialist disciplines were involved in almost the same
proportion.

Location of aneurysms

» Fig. 1 shows the location of aneurysms; accordingly, 72.4%
[84.8 %] of aneurysms involved the abdominal aorta. As a subca-
tegory of the 1186 abdominal aortic aneurysms treated, infrare-
nal AAA accounted for the largest proportion of all AAAs treated
with 904 cases, representing 55.2 % [53.7 %] of the total cohort.

The ascending aorta and aortic arch were reported in 1.1%
[0.7%] and 2.8 % [2.5 %], respectively, the descending thoracic
aorta was treated in 19.3% [12 %], and the thoracoabdominal
junction was newly recorded in 4.5 % of cases.

Among EVARs treated outside routine daily hours, thoracic
aneurysms accounted for a larger proportion (39.6 %) than among
those treated during routine service (23.2%). Infrarenal AAAs
continued to account for the largest share with 42 cases (43.8 %).

Aneurysm type

» Table 1 provides an overview of treated aneurysm types.

Although only 881 data records could be evaluated in 2011,
this was possible for all data records in 2019. The percentage
distribution of aneurysm types treated was comparatively largely
unchanged. In contrast, the proportion of treated dissections
increased by just over one-third (10.8 % vs. 6.5 %).

With respect to emergency EVAR procedures, a different
picture emerges based on the emergency indication. In this case,
true aneurysms account for only 33.3 %, whereas dissections
(21.9%), hidden perforations (30.2 %), and free perforations
(9.4 %) occupy a higher proportion. Pseudoaneurysms accounted
for 4.2 % of emergency indications.

Aneurysm diameter

Whereas in 2011, information on the diameter of treated
aneurysms was voluntarily provided in only 772 of 1167 cases
(66 %), this is mandatory information in the current version of
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» Table 1 Overview of aneurysm types treated in 2019 (n=1639) compared with 2011 (n=2881).

2019
aneurysm type n
true aneurysm 1262
pseudoaneurysm 61
dissection 177
hidden perforation 110
free perforation 13
non-infectious inflammation 13
infection (mycotic aneurysm) 3
total 1639

the DeGIR database. Also, in the past aneurysms smaller than
50 mm were not coded.

» Fig. 2 shows the percentage distribution of the treated aortic
aneurysm parameters according to the coded size intervals for the
total of all EVAR and emergency treatments. Accordingly, 54 % of
all treated aneurysms had a size between 50 and 70 mm, whereas
in emergency EVARs, the indication for treatment of larger
aneurysms (=70 mm) and smaller ectasias (<30 mm) was more
frequent in percentage.

Process Data

Anesthesia types during intervention

Recording of analgesia and/or sedation during EVAR intervention
has been newly introduced in the current version of the DeGIR QA
system compared to 2011.

According to » Fig. 3, 93.3 % of all EVAR procedures were per-
formed under intubation anesthesia and 6.7 % under analgesia.
Due to the existing possibility of multiple responses, local anes-
thesia could be coded additionally. Local anesthesia was docu-
mented as the sole form of analgesia/anesthesia during interven-
tion in 2.7 % of cases.

Imaging guidance

In addition to digital subtraction angiography (DSA) as the stand-
ard modality, cone beam CT was used in 6.9 % of all EVAR proce-
dures, and sonography was used as a supporting method in 5.9%
of procedures. In emergency interventions, the proportion of
cone beam CT for imaging guidance increased to 18.3 %, while
sonography was still used in 7.3 %.

Arterial access route

Compared to 2011, the arterial access route was newly recorded
as a mandatory field in 2019. Because a decision is required for
each individual issue (femoral percutaneous, femoral surgical,
brachial artery percutaneous, brachial artery surgical), multiple
responses are possible in different categories simultaneously.
There was an even distribution between surgical and percuta-

2011
percentage n percentage
77.0% 700 79.5%
3.7% 36 41%
10.8% 57 6.5%
6.7% 66 7.5%
0.8% 11 1.2%
0.8% 9 1.0%
0.2% 2 0.2%
100% 881 100 %

neous access, each with a share of about 50 %. Additional access
via the brachial arteries had been documented to a much lesser
extent (percutaneous 8.1 %; surgical 5.2 %).

Of EVAR interventions, 49.2 % were performed under difficult
conditions with “difficult access route” documented as a cause in
17.9% of such cases.

Treatment of arterial access routes

» Fig. 4 provides an overview of the techniques used to treat
interventional access routes, a new mandatory feature of the
DeGIR registry database with the option of multiple responses.
Surgical procedures to close the vascular access were conse-
quently involved in a total of 57.5% of cases and were used in
49.5% of cases as the sole primary procedure without other aids.
Among vascular closure devices (VCDs) frequently used alone or in
combination, suture- and fibrin-based devices are strong leaders at
35.6% and 19.8 %, respectively. Clip-based devices play a subordi-
nate role with a share of 1.5%. Manual compression was used more
frequently than instrument-assisted compression by a factor of 8.
This was involved in one in five cases overall, but extremely rarely re-
ported as the sole method of treating the arterial access route in
only 0.9% of cases. As a supportive measure, it was mostly used in
combination with suture-based VCD, followed by fibrin-based VCD
or surgical procedures. A three-fold combination of surgical closure,
manual compression, and at least one VCD was rarely necessary
(3.3% of all interventions). The theoretically equally selectable
option of a simple bandage was not documented in any case.

Quality of EVAR outcomes

» Table 2 shows the outcome quality of EVAR procedures
including the new mandatory quality parameter “correct stent
graft placement”. Correct stent graft placement was achieved in
98.9% of the total cohort and 96.9% of the emergency EVAR
procedures. The reasons for 14 abortions (0.9 %) were of a techni-
cal-anatomical nature in five cases or due to complications that
were dependent on or independent of the intervention in one
and three cases, respectively. The causes of the remaining five
cases were not specified.
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Percentual distribution of treated aneurysm diameters 2019
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» Fig.2 Diameters of all aortic aneurysms receiving elective and emergency treatment in 2019 (n=1639).

Analgesia andfor sedation during EVAR interventions 2019
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» Fig.3 Form of anesthesia during aneurysm treatment in 2019 including emergency EVAR. The DeGIR registry database allows multiple
responses.
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Treatment of interventional access route 2019 (n-1639)
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» Fig. 4 Overview of techniques used to provide interventional access. This is a mandatory entry and the DeGIR registry database allows multiple

entries. (VCD = vascular closure device).

Primary endoleaks occurred in 13.8 % of EVARs [12.8 %] and
8.3 % of emergency EVARs. Accordingly, clinical success defined
as the absence of a primary endoleak was 86.2 % [87.2 %] for
elective procedures and 91.7 % for emergency EVARs. In 2011
emergency treatments were not specifically considered with
regard to endoleaks.

The mean intervention time of an EVAR was given as 129.6 min
(median 110 min, range 10-705 min). An emergency EVAR
lasted an average of 131 minutes (median 120 minutes, range
20-293 minutes).

Implanted prosthesis types

» Table 3 offers an overview of the coded prosthesis types. The
proportion of bifurcation prostheses decreased from 64.7 % in
2011 to 39.9% in 2019. At the same time, the proportion of
tubular prostheses increased to 27.4 % [20.5 %] and the propor-
tion of fenestrated and combined prostheses increased to 17.3%
[3.3%] and 11.3% [6.1 %], respectively.

In the emergency EVAR group, tubular prostheses were used in
48.7 % [63.9 %], bifurcation prostheses in 19.2 % [20.8 %], and
aortomonoiliac stent grafts in 11.5% [13.9 %] of cases. The
relatively frequent use of fenestrated prostheses in an emergency
setting is a novelty compared to 2011 with 12.8 %. Combined
prostheses were also used more frequently on an emergency basis
at3.8%[1.4%).

Technical success, endoleaks (partial success) and failure

» Table 4 shows the rates for success, partial success, technical
success and failure in tabular form - broken down by the respec-
tive stent graft type - in year-to-year comparison. The success
rate (correct placement without any endoleak) for all interven-
tions is 84.8 % [89 %], and the rate of correctly-placed stent grafts
with primary endoleaks type Il or type IV (partial success) is 8%
[8.4%).

Since type Il and IV endoleaks are not process-associated, they
were by definition included in the “technical success” group, the
overall rate of which is 92.8 % [94.5 %]. Therapy failures (interven-
tion discontinuation or malposition or type | or type Il endoleaks)
were documented in 7.2 % [5.6 %] of cases. With respect to
individual prosthesis types, the level of technical success
remained high compared to 2011 at 93.1-94.4 %. Fenestrated
prostheses and aortomonoiliac prostheses had lower technical
success rates of 90.7 % and 88.6 %, respectively.

The success rate of emergency EVAR procedures (» Table5)
was 89.7 %. Although fenestrated and combined prostheses were
used 100 % successfully, in the case of iliac bifurcation prostheses,
one of the three emergencies failed, contrary to the general
success rate of 94.4 %.
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» Table 2 Quality of results of EVAR interventions (n=1639) including emergency EVAR (n=96) in 2019 compared with EVAR in 2011, as meas-
ured by correct prosthesis placement, clinical success (= absence of primary endoleak), and number of intervention discontinuations.

EVAR total

2019
quality parameter n percen-

tage

proper placement 1621 98.9%
no endoleak 1412 86.2%
primary endoleak 227 13.8%
= Typel 77 4.7%
= Typell 113 6.9%
= Typelll 15 0.9%
= Type IV 18 1.1%
= No data 4 0.2%
discontinuations 14 0.9%
total 1639

emergency EVAR
2011 2019
n percen- n percentage
tage
not recorded 93 96.9%
823 87.2% 88 91.7%
121 12.8% 8 8.3%
37 3.9% 5 5.2%
79 8.4% 1 1.0%
4 0.4% 2 2.1%
1 0.1% 0 0.0%
0 0.0% 0 0.0%
not recorded 4 4.2%
944 96

» Table 3 Overview of prosthesis types used in comparison between 2019 and 2011, based on all usable records with data for the total EVAR
and emergency procedure population. Non-specified prostheses (2011 database) were not included in the analysis. The category “fenestrated”
subsumes all prostheses with fenestrations, side branches, chimneys, snorkels, etc.

EVAR total

2019 2011
prosthesis type n percentage  n
tubular prosthesis 423 27.4% 187
bifurcation prosthesis 617 39.9% 591
aortomonoiliac 44 2.8% 49
iliac bifurcation 18 1.2% -
fenestrated 268 17.3% 30
combined 175 11.3% 56
total 1545 913

Complications

Local access route complications

» Table 6 specifies the occurrence of local vascular complications
of the arterial access routes as a function of the post-interven-
tional closure of the access route. Of 1495 evaluable interven-
tions, local complications occurred in 37 cases (2.5 %), including
16 hemorrhages (1.1 %), 15 vascular occlusions (1%), and
6 aneurysms (0.4 %). The use of a fibrin-based VCD was identified
as the safest way to treat the vascular access, with a complication
rate of 0.6 %, followed by primary surgical closure (1.4 %). Suture
(3.6 %) and clip-based closure systems (9.1 %) performed worse.
The need for secondary use of surgical procedures (a total of

emergency EVAR
2019 2011
percentage n percentage n percentage
20.5% 38 48.7% 46 63.9%
64.7 % 15 19.2% 15 20.8%
5.4% 9 11.5% 10 13.9%
= 3 3.8% = =
33% 10 12.8% 0 0.0%
6.1% 3 3.8% 1 1.4%
78 72

3.3% of all interventions) in addition to the vascular closure
system was also associated with an increased complication rate
for all procedures.

Percentage and severity according to SIR

Complications occurred in 109 of the 1639 EVAR procedures
(6.7%), a 2.7 % increase in the complication rate compared to
2011 data. The well-established classification of the Society of
Interventional Radiology (SIR) [4] was used for stratification of
complication levels (> Table 7, 8).

Complications occurring within the first 24 hours were
recorded as early complications; otherwise they were identified
as late complications. The proportion of early complications,
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» Table4 Treatment success including the occurrence of endoleaks depending on the prosthesis types. 94 data sets were excluded from the analysis due to missing information regarding the prostheses used.

56

2011

2019

2011

2019

2011

2019

2011

2019

failure

technical success

partial success

success

n percen-
tage

percen-
tage

percen-
tage

percen-
tage

percen-
tage

percen- n percen- n percen- n
tage tage

tage

prosthesis type

2.7% 394 93.1% 175 93.6% 29 6.9% 12 6.4%

5

91.5% 170 90.9% 7 1.7%

387
51

tubular prosthesis

4.2%
10.2%

82.8% 502 84.9% 67 10.9% 64 10.8% 578 93.7% 566 95.8% 39 6.3% 25
3

1

bifurcation prosthesis

39 88.6% 44 89.8% 5 11.4% 5

6.1%

9.1%

4
0

41 83.7%
35

79.5%

35

aortomonoiliac

5.6%

94.4%

17
243
163

1434

0.0%

94.4%

17
208

iliac bifurcation

(6.7%)
10.7%

2
6

30 93.3% 25 9.3%
51

28
863

90.7 %

33%

1

4
77

13.1%

90.0 %

27
46
813

77.6%

fenestrated

12 6.9%

111

93.1% 89.3%

7.1%

1 6.3%

124

82.1%

86.9%

152
1310

combined

5.6%

7.2%

94.5%

92.8%

8.4%

8.0%

89.0%

84.8%

total

Incorrect placement of

success + partial success; Failure =

Correct placement of stent graft without endoleak; Technical success

Success = Correct placement of stent graft without endoleak; Partial success

stent graft and/or endoleak | or Il or discontinuation of intervention.

4.3 %, was almost twice as high as that of late complications,
2.4%. It must be emphasized, however, that this also includes
complications that are subsequently resolved. For example, the
failure of a closure system was considered a complication in prin-
ciple, even if persistent bleeding could be resolved by the use of
another closure system or by surgical intervention.

» Table 7 lists treatment of complications. Sixty-seven of
109 complications (61.4 %) were successfully resolved by the
interventionalist alone or by a different discipline. Successful
treatment was not possible in 35 cases (2.1 % of the total cohort),
despite the need for therapy, which is consistent with the
otherwise frequently reported overall complication rate for EVAR
procedures. After 24 hours, 11 of the patients with early compli-
cations (15.7 %) developed a further complication. The develop-
ment of a second late complication (>24 h) after initial early com-
plication was associated with a mortality of 36 %.

The most frequent early complications were arterial hemorrha-
ges with a proportion of 22.7 %, corresponding to an incidence of
0.9% in relation to the total cohort (each indicated in parenth-
eses), followed by arterial vascular occlusion and neuro-cerebral
complications, each with 16.7 % (0.7 % related to the total cohort),
and cardiac complications with 12.1% (0.5 %). The most common
late complications were arterial vascular occlusion and pulmonary
complications, each with 16.2% (0.4 %), followed by organ
dysfunction/failure with 13.5% (0.3 %). The remaining complica-
tion types were in the single-digit percentage range.

In » Table 8, it is notable that the proportion of major (grade
C-F) complications - irrespective of the distinction between
elective and emergency treatments - is almost 90 %. Based on all
patients treated, the major complication rate increased from
3.1% to 6% compared to 2011. For emergency EVAR, the major
complication rate reaches nearly 20 % and 9 % for elective fene-
strated EVAR.

Mortality

In 20 cases, complications led to death, resulting in an overall
mortality of 1.2% [1.11 %]. Seven of the deaths were attributable
to emergency EVAR in the context of visible or hidden perforation,
dissection, or true aneurysm, yielding a mortality of 7.3% [12 %]
for this subgroup. Consideration of elective EVAR alone indicates
a mortality of 0.84 % [0.34 %].

Taking into account the first 24 hours post-procedure,
11 patients died - of arterial hemorrhage or cardiac complica-
tions. Over a period of 7 days, an additional 5 patients died of
arterial vascular occlusion, organ dysfunction/failure, or parench-
ymal ischemia or infarction. Within the first 30 days, an additional
4 patients died of arterial hemorrhage, parenchymal hemorrhage,
organ dysfunction/failure, or pulmonary complications.

Radiation Exposure Data

Partially implausible data were coded into the mandatory field
dose area product (DAP) and fluoroscopy time. Outliers that
varied more than 1.5 times the interquartile range from the upper
or lower quartile were excluded. The resulting box plot of the dose
area product is contained in » Fig. 5.
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» Table5 Treatment success including the occurrence of endoleaks depending on the prosthesis types in emergency EVARs. 18 data sets were

excluded from the analysis due to missing information regarding the prostheses used.

success partial success
prosthesis type n percentage n percentage
tubular prosthesis 33 86.8% 0 0.0%
bifurcation prosthesis 14 93.3% 0 0.0%
aortomonoiliac 8 88.9% 0 0.0%
iliac bifurcation 2 66.7 % 0 0.0%
fenestrated 10 100.0% 0 0.0%
combined 3 100.0% 0 0.0%
total 70 89.7% 0 0.0%

tech. success failure
n percentage n percentage
33 86.8% 5 13.2%
14 93.3% 1 (6.7 %)
8 88.9% 1 11.1%
2 66.7 % 1 33.3%
10 100.0% 0 0.0%
3 100.0% 0 0.0%
70 89.7% 8 10.3%

» Table 6 Incidence of local vascular complications of the arterial access routes as a function of the type of postinterventional closure. For analysis,
144 records combining different vascular closure devices (VCDs) were excluded.

local access route complications
[Number n (percentt %)]

procedure n percentage* hemorrhage aneurysm vessel closure total

VCD clip-based 20 1.2% 1(5%) 1(5%) 1(5%) 3(15%)
Self + compression 11 0.7% 1(9.1%) 0 0 1(9.1%)
Surgically 9 0.5% 0 1(11.1%) 1(11.1%) 2(22.2%)
VCD fibrin-based 205 12.5% 1(0.5%) 1(0.5%) 0 2(1%)
Self + compression 165 10.1% 1(0.6%) 0 0 1(0.6%)
Surgically 40 2.4% 0 1(2.5%) 0 1(2.5%)
VCD suture-based 458 27.9% 9(2%) 4(0.9%) 8(1.7%) 21 (4.6%)
self £ compression 389 23.7% 4(1%) 3(0.8%) 7(1.8%) 14 (3.6 %)
surgically 69 42% 5(7.2%) 1(1.4%) 1(1.4%) 7(10.1%)
primary surgical closure 812 49.5% 5 (0.6 %) 0 6 (0.7 %) 11(1.4%)
total (proportionf) 1495 91.2% 16 (1.1%) 6(0.4%) 15 (1%) 37 (2.5%)

T The percentage of complications refers to the analyzed subgroup of 1495 EVAR procedures.
" The percentage of procedures broken down refers to the total collective of 1639 EVAR procedures.

The median DFP for total EVAR was 10503 cGy x cm? with
interquartile range (IQR) 17351 cGy x cm? (Q25: 3689 cGy x
cm?, Q75: 21041 cGy x cm?), for fenestrated prostheses 14217
cGy x cm? with IQR 23985 cGy x cm? (Q25: 6098 cGy x cm?
Q75: 30082 cGy x cm?), and for combined prostheses 13021
cGy x cm? with IQR 20405 cGy x cm? (Q25: 5724 cGy x cm?,
Q75: 26 129 cGy x cm?).

A comparison of the 2011 data to the 2019 data shows that
the median DFP for all EVAR 2019 of 10503 cGy x cm? is barely
different from the 2011 data of 10677 cGy x cm?. Both values lie
in the lower range of the guideline values specified by DeGIR
(1500-55 000 cGy x cm?).

The mean # standard deviation of fluoroscopy time in 2019
was 29.3 £27.3 min for the entire EVAR, 40.1 +33.3 min for com-
bined prostheses, and 48.5 + 35.3 min for fenestrated prostheses.
Median fluoroscopy times were currently 20 min [2011: 17.32
min] for all EVAR interventions, 30 min for combined prostheses,
and 43 min for fenestrated prostheses, again within the range of
DeGIR guidelines of 10 to 70 min.

The intervention-only time for all EVARs is mean # standard
deviation 132.3 £ 85.7 min (median 114 min), for combined pros-
theses 154.4+103.2 min (median 130 min), and for fenestrated
prostheses 184.2+110.7 min (median 171 min).
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» Table7 Overview of the numbers and percentages of early (<24 h) and late (> 24 h) complications that occurred after 1639 EVAR procedures,
coded based on the degree of complication according to SIR. Breakdown of treatment of complications by own or other disciplines including
treatment success.

treatment requirement +
not successfully treated

complications <24 h n percentage self-treated treated successfully n percentage
by other treated
discipline
A - no treatment required 4 0.2% - - - 0 0.0%
B — symptomatic treatment 3 0.2% 2 0 2 1 0.1%
C - treatment required, brief 12 0.7% 4 6 10 2 0.1%
hospitalization (<48 h)
D - greater treatment requirement 33 2.0% 12 15 26 7 0.4%
hospitalization (>48 h)
E - permanent damage 7 0.4% 1 5 3 4 0.2%
F - death 11 0.7% - - - 11 0.7%
complications <24 h total 70 4.3% 19 26 41 25 1.5%
complications >24h
A - no treatment required 3 0.2% - - - 0 0.0%
B — symptomatic treatment 1 0.1% 0 1 1 0 0.0%
C - treatment required, brief 4 0.2% 2 2 4 0 0.0%
hospitalization (<48 h)
D - greater treatment requirement 21 1.3% 8 13 21 0 0.0%
hospitalization (>48 h)
E - permanent damage 1 0.1% 0 1 0 1 0.1%
F - death 9 0.5% - - - 9 0.5%
complications >24 h total 39 2.4% 10 17 26 10 0.6%
total complications 109 (6.7 %) 29 43 67 35 2.1%

» Table 8 Comparison of the numbers and percentages of complications in the total collective of all EVARs between 2019 and 2011 and the
subgroups of emergency EVARs and fenestrated EVARs in 2019, coded according to complication severity by SIR.

EVAR total emergency EVAR fenestrated EVAR
2019 (n=1639) 2011 (n=1167) 2019 (n=96) 2019 (n=268)
degree of complication (SIR) n percentage n percentage n percentage n percentage
minor (A-B) 11 0.7% 12 1.0% 2 2.1% 1 0.4%
major (C-F) 98 6.0% 36 3.1% 17 17.7% 24 9.0%
= C 16 1.0% 7 0.6% 2 2.1% 4 1.5%
= D 54 33% 15 1.3% 8 8.3% 17 6.3%
= E 8 0.5% 1 0.1% 0 0.0% 1 0.4%
=« F 20 1.2% 13 1.1% 7 7.3% 2 0.7%
total complications 109 (6.7 %) 48 4.1% 19 19.8% 25 9.3%
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Comparison of DAP during EVAR interventions
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» Fig.5 Boxplots showing dose area products for all EVAR
procedures versus fenestrated and combined (hybrid) procedures.
The line inside the boxes shows the median; the boxes indicate the
middle 50 % (IQR). Outliers are located outside the whiskers.

Discussion

In medicine, quality management has become increasingly
important, thus it is not surprising that the DeGIR Quality
Assurance Registry, which has existed since 1994, has now grown
to almost 200000 coded interventions per year with its volun-
tarily recorded data.

To address the quality assurance requirements for interven-
tional care of aortic aneurysms, there was increasing implementa-
tion of mandatory information in the 2019 DeGIR QA system
compared to 2011. This resulted in a greater proportion of com-
plete data sets, allowing a more accurate representation of the
reality of care. For example, the new mandatory fields for the
parameters “interdisciplinary indication”, “aneurysm diameter”,
“aneurysm type” and “emergency intervention”, can be
evaluated in 2019 with a significantly improved data situation.

The number of EVAR procedures coded increased 40 % from
2011 to 2019. The sharper increase in the proportion of women

treated over time can be explained in part by the gradual equali-
zation of smoking behavior between men and women [5], which
may have led to a relative increase in AAA requiring treatment in
the female population due to the “smoking” risk factor [6].

In addition, due to the development of prostheses with
increasingly smaller diameters and smaller introducers [7], it has
become possible to better deal with the female anatomy with its
small vessel diameters [8].

Indication

Interdisciplinary indication is an important quality feature of
an optimal, individualized patient treatment. In addition to
radiology, the high involvement of vascular surgery in almost
every interdisciplinary indication is explained by its position as a
department with inpatient beds, and by its role as the most
important alternative treatment option of AAA; the quality assur-
ance guideline on abdominal aortic aneurysm of the “Gemein-
samer Bundesausschuss” is also likely to contribute to the involve-
ment of vascular surgery in the interdisciplinary conferences in
such cases.

Complexities and complications

A greater number of complex and increasingly specialized EVAR
treatments are now available resulting from technical progress
and development of modern prostheses better adapted to the
patient's anatomy and, in some cases, easier to implant [7], as
well as the growing experience of interventionalists. It is also likely
that the use of prostheses outside the instructions for use will
become more common as experience is gained. As can be seen
in » Table 3, the proportion of fenestrated EVAR procedures has
increased fivefold compared with 2011, and combined treatment
using multiple prosthesis types has nearly doubled, while the use
of simple bifurcation prostheses has decreased by more than
one-third.

The high combined technical success of all EVARs of 92.8 %
[2011: 94.6] as well as the consistently low complication rate of
6.7 % [4.03 %] can be considered a success in terms of increased
expertise of interventional radiologists due to the increasing com-
plexity of treatments and a more widespread use of the procedure
over time. A further indication of an increasingly better qualifica-
tion of the interventionalists can be derived from the following
two factors: 1. The decrease in the use of monoiliac aortic pros-
theses from 13.9% to 11.5% and 2. The increase in the use of
fenestrated prosthesis types (including other complex hybrid
types such as chimney technique, etc.) from 3.3% in 2011 to
17.3%in 2019.

The slightly higher failure rate of fenestrated EVAR procedures
of 9.3% (compared to 7.2 % failure in the total cohort) compared
to other prosthesis types can be explained by the higher complex-
ity of the intervention.

A comparison of the quality of the results of the elective with
the emergency procedures shows that the rate of correct place-
ments in emergencies is only 2% lower (99 % vs. 97 %). In the
case of primary endoleaks, emergency care scores 8.3 %, signifi-
cantly better than elective procedures with 13.8 %. This is likely
due to a bias in patient selection; ruptured abdominal aortic
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aneurysms with a short neck are more likely to receive surgical
management. It is encouraging to note that emergency care by
qualified interventional radiologists seems to be assured; this can
be concluded from an almost identical intervention time for elec-
tive and emergency procedures. However, this hypothesis must
be qualified by the bias in patient selection mentioned above.
The 100 % success rate of all complex aortic prostheses (fenestra-
ted, chimney, etc.) in emergency use and, moreover, without
endoleaks, cannot be cited as a further argument for improved
patient care due to the small number of 10 cases, even though
no fenestrated prostheses in 2011 were used in emergency care.
Consideration of complication rates during the period 2011 to
2019 could give rise to the opposite conclusion, as major compli-
cations have increased from 3.1% to 6 %. However, the overall
complication rate after successful resolution of the initial compli-
cation must be considered; for all complications this is 2.1 % and
for major complications 2 %. The increase in the number of cases
with greater complexity must also be taken into account; as
expected, elective complex EVAR procedures with a complication
rate of 9% is above the average overall complication rate. The
increasing complexity of the interventions can be seen from the
overall higher values for the fluoroscopy time, dose area product
and intervention time. As seen in > Table 7, treatment of compli-
cations by either the intervention team or a consulted discipline
resulted in successful completion of treatment for early and late
complications in 58.6 % and 66.7 %, respectively. Most publica-
tions on treatment of aortic aneurysms distinguish only between
success, failure and complications affecting outcome. The differ-
entiation introduced in our study, on the other hand, delineates
not only the entire treatment process, but also problems and
treatment options that need to included in a quality management
program, although they do not necessarily affect the outcome.

Arterial access route treatment

Data on access route treatment show very high interdisciplinary
involvement in primarily vascular surgical closure of pathways in
almost 49.5 % of cases with a low local complication rate of 1.4 %.
Of the vascular closure systems used, only fibrin-based systems
used alone in 10.1 % achieved a lower complication rate of 0.6 %.
Suture-based systems, which were more than twice as common in
23.7 %, achieved a sixfold higher rate of complications (3.6 %). The
high complication rate of 9.1 % for clip-based closure systems is
not meaningful due to their infrequent use at 0.7 % (n=11).

The need for secondary surgical closure despite the use of a
vascular closure system was rare, accounting for 3.3 % of cases,
thus frequently used closure systems may be said to function
satisfactorily.

Radiation exposure

Depending on the type, complexity, and duration of the proce-
dure used in radiological interventions, radiation doses may vary
but these doses should be in the nondeterministic (stochastic)
range to prevent direct radiation damage to the patient. The
patient dose applied during an intervention is thus an essential
quality characteristic. Entry of values for the dose area product

and fluoroscopic time disclosed a small proportion of implausible
values, as these values are stated by the individual device manu-
facturers in different powers of ten and have to be converted
accordingly. For this purpose, a custom tool was implemented in
new versions of the software. It was possible to eliminate the few
extremely outlying values by calculating the quartiles and box
plots. Fortunately, the dose values were both within the range
specified by DeGIR for EVAR interventions and below the refer-
ence values for diagnostic and interventional X-ray applications
published by the German Federal Office for Radiation Protection
(BfS) [9]. The distribution of dose area products for all EVAR
procedures versus the more complex procedures of fenestrated
or combined prostheses shows a lower median. The data
presented indicate that separate values for standard and complex
prosthesis types should be established for the possible determina-
tion of dose reference values for EVAR procedures.

Conclusions

Data analysis of the DeGIR quality assurance system demon-
strates a consistently very high technical success rate for EVAR
procedures performed by interventional radiologists with a
constant low complication rate. The Quality Registry provides
the necessary basis for demonstrating the current reality of care.
Registration of the individual process data and complication
management supports a more in-depth view of the entire therapy
process and provides valuable data for the further development of
quality management. In order to ensure the comparability of the
controversial long-term results from studies in other European
countries with Germany, it would be desirable to supplement the
DeGIR QA system with a functionality for follow-up controls and
re-interventions. This would further potentially allow identifica-
tion of problematic constellations and risk factors for failure,
thus further improving the care of patients with AAA using EVAR
in the long term.
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