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WHAT THIS PAPER ADDS

Temporal trends for a 12 year period in elective abdominal aortic aneurysm surgery show reduction of
complication rates resulting in decreased mortality, while the treated patient’s age and American Society of
Anesthesiologists scores increased. In the same time period endovascular repair was implemented as the
standard of care. In hospital patient safety improved significantly. Trends in complication rates and mortality
have not been shown before for such a long time period and large cohort.
Objective/Background: The study aim was to determine whether patient safety for non-ruptured abdominal
aortic aneurysm (nrAAA) repair has changed between 1999 and 2010 in a large German cohort.
Methods: The data source was the prospective quality assurance registry of the German Vascular Society from
1999 to 2010. Patient characteristics, surgical techniques (open aortic repair [OAR], endovascular aortic repair
[EVAR]), procedural time and outcomes, including the length of hospital stay (LOS), were analysed using the
CochraneArmitage test for binary parameters and Spearman’s correlation coefficient for quantitative
parameters.
Results: A total of 36,594 operations (23,037 OAR, 13,557 EVAR) for infrarenal nrAAA in 201 hospitals in Germany
were investigated. Patients’ mean age increased from 69.6 to 72.0 years (p < .001). The rate of patients with
American Society of Anesthesiologists scores of 3 or 4 increased (p < .001). Use of EVAR increased (1999: 16.7%;
2010: 62.7%; p < .001), and since 2009, EVAR has been more frequently used than OAR. The overall in hospital
mortality decreased from 3.1% in 1999 to 2.3% in 2010 (p < .001). There were no temporal trends for mortality
rates for EVAR (p ¼ .233) or OAR (p ¼ .281) when considered separately. Cardiac (1999: 8.1%; 2010: 5.1%;
p < .001) and pulmonary (1999: 7.8%; 2010: 4.8%; p < .001) complications decreased. The rate of post-operative
renal failure increased (1999: 3.6%; 2010 4.1%; p ¼ .017), without increasing the rate of patients needing dialysis
(1999: 1.7%; 2010: 1.7%; p ¼ .171). The median LOS decreased from 17 days in 1999 to 10 days in 2010
(p < .001).
Conclusion: This study shows significantly improved post-procedural in hospital outcomes and decreased use of
resources for nrAAA repair. This trend can probably be attributed to the implementation of EVAR as a standard
technique, but some trends could also possibly be explained by a change in the remuneration system. The main
limitation of the registry is the lack of internal and external validation. However, in hospital patient safety for AAA
repair seems to have improved significantly in the participating hospitals.
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INTRODUCTION

To justify any interventional procedure for abdominal aortic
aneurysm (AAA), it has to be as safe as possible. Elective
open aortic repair (OAR) can be associated with severe
complications, especially in elderly and multi-morbid pa-
tients. With the implementation of endovascular aortic
repair (EVAR), fewer procedural complications and fatalities
are to be expected.
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EVAR was introduced as a standard procedure in Ger-
many in the early 2000s. In order to describe changes in
AAA treatment in the endovascular era, this study aims to
report temporal trends regarding patient characteristics,
surgical techniques and outcomes (mortality, morbidity)
over a 12 year time span (1999e2010) in patients who
received treatment for non-ruptured (nr)AAA.

METHODS

The rationale of the prospective quality assurance registry
on AAA of the Deutsche Gesellschaft für Gefäßchirurgie
(DGG) was to give the participating centres annual bench-
mark reports about their individual results in AAA care.
While participation is mandatory for certified vascular
centres, all other departments participate voluntarily. The
registry was launched in 1997 and it obtained detailed in-
formation on the state of AAA care, including information
about patient characteristics, AAA morphology, surgical
techniques, and peri-operative outcomes. The registry also
enables participants to benchmark their own data with
those of other participating hospitals. Although the
recording of all relevant pre-, intra-, and post-operative data
was initially performed using machine readable forms, on-
line data registration has been used in more recent years.
Once a year, data of the individual hospitals and of the
entire registry are made available to the participants. Hos-
pitals are self responsible for data validity.

Registry data have been analysed and published recently.
The first publication mainly focused on a comparison be-
tween EVAR and OAR.1 The second publication was an
analysis of peri-operative predictors for mortality and the
relationship between hospital volume and outcome.2

Patients

Data of the prospective AAA quality assurance registry of
the DGG from 1 January 1999 to 31 December 2010 were
analysed. The participating hospitals provided data for pa-
tients receiving treatment for intact and ruptured infra- and
juxtarenal AAA (International Classification of Diseases-10
I71.3, I71.4). Overall, 201 hospitals participated in the reg-
istry, with a mean of 104 hospitals/year. Patients with
ruptured AAA were excluded from this study. Individual
patient characteristics (age, American Society of Anesthe-
siologists [ASA] score, AAA diameter), surgical techniques
(OAR, EVAR, procedural time), and outcomes (peri-opera-
tive mortality and morbidity/complications, length of hos-
pital stay [LOS]) were analysed. The participating hospitals
were responsible for consenting the patients for anonymous
data collection and analysis.

Primary outcome

The primary outcome of this study was in hospital mortality.
Secondary outcome parameters were post-operative com-
plications (cardiac, pulmonary and renal complications,
dialysis, sepsis, wound infection, bleeding, peripheral
ischaemia, and visceral ischaemia). The occurrence or
absence of post-procedural complications during the
Please cite this article in press as: Trenner M, et al., Trends in Patient Safety of I
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hospital stay was assessed by the treating physician ac-
cording to general clinical standards. Studied complications
included cardiac complications (myocardial infarction and
post-operative cardiac insufficiency), pulmonary complica-
tions (long-term ventilation, pneumonia, pulmonary insuf-
ficiency, pulmonary embolism), renal complications (new
incidence of renal insufficiency, renal embolism), need for
dialysis, sepsis, wound infections, bleeding with need for re-
intervention, peripheral ischaemia, and visceral ischaemia.
Endoleaks were not included in the outcome analysis
because they are specific to EVAR.
Statistical analysis

Continuous data are represented by mean and SD or me-
dian. For categorical variables, absolute and relative fre-
quencies are shown. Temporal trends were analysed
statistically using the CochraneArmitage test for binary and
Spearman’s correlation coefficient for quantitative out-
comes. Extreme outliers (<2.5 cm; >20 cm) in AAA diam-
eter were considered as input errors and excluded from the
description of mean AAA diameter. Single missing values
were excluded from analysis. Statistical analyses were per-
formed using the software R version 2.15.1 (R Foundation
for Statistical Computing, Vienna, Austria) and SPSS version
20.0 (IBM, Armonk, NY, USA). For all tests, a two-tailed level
of significance of a ¼ 5% was used.

RESULTS

Patient characteristics

In total, 36,594 operative procedures for nrAAA were
available for analysis (23,037 OAR, 13,557 EVAR). The mean
age of the patients was 71 � 8.0 years. Mean age increased
from 69.6 � 7.6 years in 1999 to 72.0 � 8.3 years in 2010. A
total of 66.7% of patients were classified as having ASA
scores of 3 or 4. The rate of patients who scored ASA 3 and
4 increased, and those scored ASA 1 and 2 significantly
decreased. The median AAA diameter was 55 mm (inter-
quartile range 50e65 mm). The rate of iliac aneurysm
extent, including concomitant iliac artery aneurysms, was
31.2%. Inflammatory AAA aetiology was present in 3.5% of
the patients. Temporal trends in patient characteristics are
presented in Table 1 for all patients and in Table 4, for
comparison of EVAR and OAR.
Procedural parameters

EVAR was used in 37% of the cases. In 1999, only 16.7% of
the patients received endovascular treatment, and 2009
was the first year in which over half of the patients received
EVAR. A significant trend in the use of endovascular therapy
was found (Fig. 1, Table 2). EVAR was performed under local
or regional anaesthesia in 11.6%, while 99.6% of patients
who had OAR received general anaesthesia. In OAR, su-
prarenal clamping was necessary in 9.8%, with an increasing
trend (Table 2). In total, 294 (4.3%) of the patients were
treated with special custom made devices. The overall
median procedural time was 145 min. A decrease in median
ntact Abdominal Aortic Aneurysm Repair: German Registry Data on 36,594
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procedural time of 15 min, as well as a trend towards giving
fewer blood transfusions, was observed (Table 2).
Post-operative outcome

Overall, the in hospital mortality was 2.7%. There was a
significant reduction in mortality from 3.1% in 1999 to 2.3%
in 2010 (Table 3). Mortality rates for EVAR (overall 1.3%)
and OAR (overall 3.6%) did not show significant temporal
trends when considered separately (Table 4).

Within the whole cohort, cardiac and pulmonary
complication rates showed a decreasing temporal trend
(Table 3). Renal complications increased over time, but this
resulted in no increase in the rate of patients requiring
dialysis. Furthermore, septic complications, bleeding, and
peripheral ischaemia did not show significant trends.
Increasing rates were shown for wound infections and
visceral ischaemia (Table 3). Apart from cardiac and pul-
monary complications, which did not show significant
changes, OAR complication rates increased. The median LOS
was 14 days. The period of hospitalisation was significantly
reduced from 17 days in 1999 to 10 days in 2010 (Table 3)

Considering EVAR and OAR separately, both groups
showed an increase of patients classified as ASA 3 and 4. All
complication rates remained stable over time in patients
treated endovascularly, while renal, ischaemic, and infective
complications, as well as bleeding increased in OAR. In
hospital mortality did not show a temporal trend for either
treatment modality (Table 4).

DISCUSSION

The aim of this study was to determine if in hospital patient
safety (e.g., peri-procedural mortality and morbidity) in
elective AAA repair improved after the implementation of
EVAR as a standard procedure in many German vascular
units. Therefore, trends in patient characteristics, proce-
dural measures, and outcomes for nrAAA repair in a large
German cohort were analysed for the time period of 1999e
2010. During this period, mortality and most complication
rates significantly reduced, whereas patient age and
comorbidities (indicated by ASA classification) showed an
increasing trend. The increase in reported operations per
year can be explained by an increasing number of partici-
pating hospitals in the registry. Information about hospital
characteristics (e.g., academic vs. non-academic) is not
available because data were anonymised for secondary data
analysis.

The rate of EVAR used for AAA treatment significantly
increased during the observation period. In 2010, almost
two thirds (62.7%) of the patients received endovascular
therapy. Although patients with suitable morphology were
treated with EVAR, less suitable patients still had to be
treated with OAR (or fenestrated/branched endovascular
devices, which were included in this registry only after
2008). This approach resulted in an increase in the rate of
suprarenal clamping in OAR (1999: 6.8%; 2010: 14.0%),
which indicates that open procedures have recently become
more technically challenging. Consecutively, complications
ntact Abdominal Aortic Aneurysm Repair: German Registry Data on 36,594
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Figure 1. Surgical technique used for non-ruptured abdominal aortic aneurysm (nrAAA) treatment in 36,594 patients from 1999 to 2010.
Note. OAR ¼ open aortic repair, EVAR ¼ endovascular aortic repair.
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have increased after OAR, while there was no change seen
in OAR mortality.

AAA diameter showed a significant trend towards larger
aneurysms, but looking at the numbers, this seems to be of
very little clinical relevance. Twenty-five per cent of all AAA
had a diameter of <50 mm. This result might have been
driven by the fact that the thresholds for intervention are
usually lower for women. In addition unknown numbers of
penetrating infrarenal aortic ulcers and small but rapidly
expanding AAA may be included in this registry. The DGG
guidelines on treatment of AAA do not include a specific
diameter threshold for repair, unlike in other countries. The
guideline advice is to take aneurysm specific factors
(diameter, morphology, growth) and patient specific factors
(sex, comorbidities, family history) into account when
considering AAA repair.3 Unfortunately, the DGG registry
does not provide exact data on this issue. Owing to this lack
of information it can be criticised that, for unknown reasons
25% of the included cases were treated below the inter-
nationally recognised threshold of 55 mm.

As shown in recent studies,4 the LOS and procedural time
was shorter for EVAR than for OAR. Accordingly, in the
present study, a reduction of 15 min in the median duration
of AAA procedures was observed among all patients (1999:
150 min; 2010: 135 min). The median LOS showed a sig-
nificant reduction from 17 to 10 days as well, probably
because of the increased use of EVAR. In addition the
German accounting system was changed in 2003. Since
then, hospitals are paid flat rates per case instead of the
per-day and per-procedure payment that was used before
2003. As in hospital mortality is reported in the registry, a
reduction of LOS, unfortunately, also means a reduction of
follow-up in this dataset.

Most importantly, a significant reduction of in hospital
mortality after AAA repair was found in the examined
cohort. This is consistent with the findings in the Medicare
population between 1995 and 2008,5 while the Vascunet
collaborators could not show improvement of mortality
rates between 2005 and 2009.6 Mortality for OAR or EVAR
alone did not show significant trends, which means that
although, recently OAR appears to have been applied in
morphologically more complicated situations (higher rate of
suprarenal clamping); however, regarding mortality it is still
Please cite this article in press as: Trenner M, et al., Trends in Patient Safety of I
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as safe as it was previously. Along with the decrease in
mortality, a significant reduction in severe systemic com-
plications (cardiac and pulmonary) was found. There was a
slight increase in renal complications, but this did not have
an effect on the rate of the need for dialysis. Increased
complication rates were shown for OAR but not for EVAR,
which fits with the abovementioned more challenging de-
mands of OAR. EVAR was performed under regional
anaesthesia in 11.6%, while this is not a common option for
OAR. Spinal anaesthesia was found potentially to reduce
pulmonary and cardiac morbidity in an analysis of the
EUROSTAR registry.7 It is likely that the reduction of com-
plications and mortality is not only attributable to the
endovascular procedure itself, but also to the other sur-
rounding circumstances, which come along with the less
aggressive procedure.

In a recent publication of the registry data,1 EVAR and
OAR were compared in a multivariate logistic regression
model, which showed a risk reduction for fatality and all
other complications when EVAR was used. Therefore, the
overall reduction of in hospital mortality and complications
can most likely be attributed to the increased use of EVAR.

There are some limitations to this study. The voluntary
quality assurance registry only includes approximately 40%
of all elective AAA in Germany. (Data from the German
Federal Bureau of Statistics indicate that approximately
55,000 AAA repairs were performed in Germany between
2005 and 2010. The registry covers 21,956 cases in that time
span).

The registry data do not contain more detailed informa-
tion on the indications for EVAR or OAR (e.g., detailed
morphology of AAA and infrarenal neck). Also from 2008 to
2010, 294 EVAR cases receiving “special prosthesis”
(fenestrated EVAR) were registered, without further infor-
mation on number of fenestrations, and so on. Thus,
comparative analyses of these surgical procedures have to
be considered with caution.

Further potentially important patient factors have not
been recorded in the DGG registry in the observation period
and could not, therefore, be included (e.g., patient sex,
diabetes, medication, and haemoglobin levels, control of
cardiovascular risk factors, use of statins or antiplatelet
therapy).6,8e12 The ASA score was considered to be a
ntact Abdominal Aortic Aneurysm Repair: German Registry Data on 36,594
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Table 3. In hospital mortality and complications after non-ruptured abdominal aortic aneurysm treatment between 1999 and 2010.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 Trend p a

Procedures (n) 2179 2862 2717 2575 2154 2151 2431 3434 3871 4103 4042 4075
In hospital mortality 67 (3.1) 83 (2.9) 77 (2.8) 115 (4.5) 58 (2.7) 61 (2.8) 65 (2.7) 80 (2.3) 97 (2.5) 104 (2.5) 93 (2.3) 95 (2.3) a .005
Cardiac complications 177 (8.1) 196 (6.8) 214 (7.9) 203 (7.9) 143 (6.6) 142 (6.6) 166 (6.8) 215 (6.3) 233 (6.0) 265 (6.5) 222 (5.5) 208 (5.1) a <.001
Pulmonary complications 170 (7.8) 264 (9.2) 223 (8.2) 229 (8.9) 152 (7.1) 129 (6.0) 158 (6.5) 208 (6.1) 207 (5.3) 254 (6.2) 224 (5.5) 197 (4.8) a .001
Renal complications 79 (3.6) 108 (3.8) 94 (3.5) 116 (4.5) 92 (4.3) 93 (4.3) 108 (4.4) 161 (4.7) 179 (4.6) 167 (4.1) 201 (5.0) 168 (4.1) b .017
Dialysis 36 (1.7) 44 (1.5) 35 (1.3) 45 (1.7) 37 (1.7) 35 (1.6) 33 (1.4) 56 (1.6) 74 (1.9) 69 (1.7) 77 (1.9) 69 (1.7) / .171
Sepsis 21 (1.0) 32 (1.1) 27 (1.0) 44 (1.7) 33 (1.5) 37 (1.7) 31 (1.3) 47 (1.4) 55 (1.4) 58 (1.4) 50 (1.2) 68 (1.7) / .077
Wound infection 58 (2.7) 70 (2.4) 85 (3.1) 68 (2.6) 58 (2.7) 78 (3.6) 67 (2.8) 99 (2.9) 106 (2.7) 135 (3.3) 123 (3.0) 123 (3.0) b .017
Bleeding 60 (2.8) 47 (1.6) 57 (2.1) 52 (2.0) 48 (2.2) 43 (2.0) 51 (2.1) 83 (2.4) 81 (2.1) 95 (2.3) 92 (2.3) 73 (1.8) / .859
Peripheral ischaemia 55 (2.5) 55 (1.9) 61 (2.2) 63 (2.4) 56 (2.6) 53 (2.5) 55 (2.3) 72 (2.1) 90 (2.3) 96 (2.3) 72 (1.8) 84 (2.1) / .211
Visceral ischaemia 14 (0.6) 27 (0.9) 25 (0.9) 26 (1.0) 24 (1.1) 33 (1.5) 25 (1.0) 30 (0.9) 44 (1.1) 44 (1.1) 40 (1.0) 59 (1.4) b .034

Note. Data are n (%) unless otherwise indicated. a CochraneArmitage test for trend. a ¼ decreasing trend; b ¼ increasing trend; / ¼ no significant trend.

Table 2. Trends in surgical techniques, procedural times, and length of hospital stay of non-ruptured abdominal aortic aneurysm treatment.

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 Trend pa

Procedures
(n)

2179 2862 2717 2575 2154 2151 2431 3434 3871 4103 4042 4075

EVAR, n (%) 364 (16.7) 571 (20.0) 476 (17.5) 478 (18.6) 439 (20.4) 607 (28.4) 823 (33.9) 1377 (40.1) 1619 (41.8) 2005 (48.9) 2243 (55.5) 2555 (62.7) b <.001
Suprarenal
clamp in
OAR, n (%)

124 (6.8) 200 (8.7) 215 (9.6) 200 (9.5) 141 (8.2) 122 (7.9) 141 (8.8) 195 (9.5) 252 (11.2) 235 (11.2) 223 (12.4) 213 (14.0) b <.001

Blood
transfusion,
n (%)

1401 (64.2) 1794 (62.6) 1684 (61.9) 1580 (61.3) 1245 (57.8) 1120 (52.0) 1143 (47.4) 1483 (43.1) 1614 (41.7) NA NA NA a <.001

Median (IQR)
procedural
time (min)

150
(113e202)

150
(110e195)

150
(113e190)

150
(115e200)

150
(116e200)

150
(112e195)

145
(110e190)

137
(105e180)

139
(105e185)

140
(104e155)

138
(102e185)

135
(102e186)

a <.001

Median (IQR)
LOS (d)

17 (12e22) 16 (11e21) 15 (12e20) 15 (11e21) 15 (11e20) 14 (11e19) 13 (10e17) 13 (9e17) 12 (9e16) 12 (8e16) 11 (8e15) 10 (7e15) a <.001

Note. a ¼ decreasing trend; b ¼ increasing trend; / ¼ no significant trend; EVAR ¼ endovascular aortic repair; OAR ¼ open aortic repair; IQR ¼ interquartile range; LOS ¼ length of
hospital stay; NA ¼ not available. a P value of the CochraneArmitage test for trend for binary outcomes, Spearman’s correlation coefficient for quantitative outcomes.

Patien
t
Safety

o
f
In
tact

A
b
d
o
m
in
al

A
o
rtic

A
n
eu

rysm
R
ep

air
5

Please
cite

th
is
article

in
p
ress

as:Tren
n
er

M
,et

al.,Tren
d
s
in
Patien

t
Safety

o
f
In
tact

A
b
d
o
m
in
alA

o
rtic

A
n
eu

rysm
R
epair:G

erm
an

R
egistry

D
ata

o
n
36,594

Pro
ced

ures,
Eu
rop

ean
Jo
u
rn
al

o
f
V
ascu

lar
an
d
En
d
o
vascu

lar
Su
rgery

(2017),
h
ttp

://d
x.d

o
i.o
rg/10.1016/j.ejvs.2016.12.024



Table 4. Binary morphological, procedural, and outcome parameters of patients who received open aortic repair versus endovascular
aortic repair for non-ruptured abdominal aortic aneurysms between 1999 and 2010.

1999e2002 2003e06 2007e10 Trend pa

Procedures (n) OAR 8444 6924 7669
EVAR 1889 3246 8422

ASA score 3e4 OAR 5190 (61.5) 4766 (68.8) 5110 (66.6) b <.001
EVAR 1145 (60.6) 2393 (73.7) 5779 (68.6) b .002

Iliac aneurysm extend OAR 3052 (36.1) 2377 (34.3) 2566 (33.5) a <.001
EVAR 472 (25.0) 888 (27.4) 2064 (24.5) / .274

Inflammatory aneurysms OAR 399 (4.7) 363 (5.2) 344 (4.5) / .606
EVAR 25 (1.3) 39 (1.2) 111 (1.3) / .600

In hospital mortality OAR 316 (3.7) 219 (3.2) 285 (3.7) / .281
EVAR 26 (1.4) 45 (1.4) 104 (1.2) / .233

Cardiac complications OAR 716 (8.5) 555 (8.0) 646 (8.4) / .772
EVAR 74 (3.9) 111 (3.4) 282 (3.3) / .105

Pulmonary complications OAR 842 (10.0) 588 (8.5) 702 (9.2) / .262
EVAR 44 (2.3) 59 (1.8) 180 (2.1) / .907

Renal complications OAR 361 (4.3) 368 (5.3) 525 (6.8) b <.001
EVAR 36 (1.9) 86 (2.6) 190 (2.3) / .798

Dialysis OAR 148 (1.8) 139 (2.0) 239 (3.1) b <.001
EVAR 12 (0.6) 22 (0.7) 50 (0.6) / .791

Sepsis OAR 117 (1.4) 135 (1.9) 183 (2.4) b <.001
EVAR 7 (0.4) 13 (0.4) 48 (0.6) / .157

Wound infection OAR 251 (3.0) 251 (3.6) 366 (4.8) b <.001
EVAR 30 (1.6) 51 (1.6) 121 (1.4) / .814

Bleeding OAR 188 (2.2) 161 (2.3) 216 (2.8) b .014
EVAR 28 (1.5) 64 (2.0) 125 (1.5) / .384

Peripheral ischaemia OAR 214 (2.5) 194 (2.8) 246 (3.2) b .002
EVAR 19 (1.0) 42 (1.3) 96 (1.1) / .882

Visceral ischaemia OAR 81 (1.0) 96 (1.4) 148 (1.9) b <.001
EVAR 11 (0.6) 16 (0.5) 39 (0.5) / .762

Note. a CochraneArmitage test for trend.a ¼ decreasing trend;b ¼ increasing trend;/ ¼ no significant trend; ASA ¼ American Society
of Anesthesiologists; OAR ¼ open aortic repair; EVAR ¼ endovascular aortic repair.

6 M. Trenner et al.
sufficient marker of comorbidity when the DGG registry was
designed in the mid 1990s. With hindsight, more detailed
information would have been preferable, even although the
ASA score still serves as a reliable predictive factor for
operative complications in many studies.13

As this registry focused on in hospital patient safety
rather than on the long-term effects, follow-up after hos-
pital discharge was not documented. Consequently, this
registry cannot give any data on the long-term benefits of
EVAR versus OAR. Several studies (EVAR, DREAM, and OVER
trials) have shown higher re-intervention rates for EVAR and
equalisation of the survival benefit after a few years in
randomised patients.14e16 This was also shown in a
Cochrane Database systematic review in 2014.17 Unfortu-
nately, in Germany, it is not possible to acquire population
based data to capture death outside of hospital.

No internal or external audit has been performed; hence,
the validity of data is dependent on the correctness and
completeness of data collection at the participating hospi-
tals. The same accounts for the generalisability of the re-
sults. Internal and external validation would have been
desirable,18 but it was not possible to conduct in this
retrospective analysis of anonymised data.

In 2002, a 1.6-fold (4.5%) increase in the mortality rate
was found relative to that of the year before (2.8%) and the
year after (2.7%). After thorough review during the authors’
Please cite this article in press as: Trenner M, et al., Trends in Patient Safety of I
Procedures, European Journal of Vascular and Endovascular Surgery (2017), h
validation of the data, it was not possible to identify a
reason for this increase. Neither major changes in the
reporting protocol were made, nor could any abnormalities
with regard to other complication rates be detected. Also, a
technical error in the data acquisition system could not be
identified, so the reason remains unclear.

After 2010 the data acquisition for the German quality
assurance registry was paused. In 2013 it was started again
by a newly implemented institute called the DIGG
(Deutsches Institut für Gefäßmedizinische Gesundheitsfor-
schung). Data after 2010 could therefore not be obtained
for this analysis.

To answer questions involving patient care under routine
conditions (in contrast to randomised controlled trials),
registries are increasingly important.19 Thus, they should be
highly standardised and follow a defined protocol. In the
future any AAA registry should include internal and external
validation of the collected data to reduce the risk of bias.
When the registry was initiated as a clinical data collection
in 1997, no independent ethical evaluation was performed,
to the authors’ knowledge. Ethical evaluation and approval
will be necessary for future registries and their analysis.

CONCLUSIONS

In conclusion, this study provides evidence for a significant
improvement of in hospital patient safety of AAA treatment
ntact Abdominal Aortic Aneurysm Repair: German Registry Data on 36,594
ttp://dx.doi.org/10.1016/j.ejvs.2016.12.024
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between 1999 and 2010, which is in all probability attrib-
utable to the increased use of EVAR. Data clearly show that
EVAR was established as a standard method for nrAAA
treatment in the early 2000s in those hospitals participating
in the DGG registry. Further, temporal trends showed pa-
tients with AAA are increasingly older and less fit. However
a significant decrease of in hospital mortality and severe
systemic complications for the treatment of nrAAA was
shown. Changes in the remuneration system might also
have had an influence on the described trends. As a major
limitation, lack of data validation was identified. Registries
should generally aim for validation to reduce the risk of bias
and fulfil the claim of representing real world data.
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