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ABSTRACT

Background
Juxtarenal abdominal aortic aneurysms (JRAAA) can be treated either with open 
surgical repair (OSR) including suprarenal clamping or by complex endovascular 
aneurysm repair (cEVAR). In this study we present the comparison between the short-
term mortality and complications of the elective JRAAA treatment modalities from a 
national database reflecting daily practice in the Netherlands.

Methods
All patients undergoing elective JRAAA repair between January 2016 and December 
2018 registered in the Dutch Surgical Aneurysm Audit (DSAA) were eligible for 
inclusion. Descriptive perioperative variables and outcomes were compared between 
patients treated with open surgery or endovascularly. Adjusted odds ratios for short-
term outcomes were calculated by logistic regression analysis.

Results
In all, 455 primary treated JRAAA patients could be included (258 OSR, 197 cEVAR). 
Younger patients and female patients were treated more often with OSR vs cEVAR 
(72±6.1 vs. 76±6.0, p<0.001, 22% vs 15%, p=0.047, respectively). Patients treated with 
OSR had significantly more major and minor complications as well as a higher chance 
of early mortality (OSR: cEVAR, 45% vs. 21%, p<0.001; 34% vs. 23%, p =0.011; 6.6% vs. 
2.5%, p=0.046, respectively). After logistic regression with adjustment for confounders, 
patients who were treated with OSR showed an odds ratio of 3.64 (95%CI 2.25-5.89, 
p<0.001) for major complications compared to patients treated with cEVAR and for 
minor complications the odds ratios were 2.17 (95%CI 1.34-3.53, p=0.002) higher. For 
early mortality the odds ratios were 3.79 (95%CI 1.26-11.34, p=0.017) higher after OSR 
compared to cEVAR.

Conclusion
In this study, after primary elective OSR for JRAAA the odds for major complications, 
minor complications, and short-term mortality were significantly higher compared to 
cEVAR. Selection bias and study size should be taken into account when interpreting 
the data.
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INTRODUCTION

Due to the lower mortality and its minimal invasive character, endovascular aneurysm 
repair (EVAR) has been widely implemented in daily practice and is the preferred 
method of treatment of abdominal aortic aneurysm (AAA) in most practices1. Since 
the introduction of EVAR almost three decades ago, an increasing amount of research 
has focused on the differences between open surgery and EVAR to treat AAA2-5. Several 
trials on elective infrarenal aneurysm showed a survival advantage for EVAR in the short-
term6. This advantage was, however, lost after 3 years of follow-up.

The Dutch Surgical Aneurysm Audit (DSAA) is a mandatory nationwide audit for all 
patients treated for an aortic aneurysm in the Netherlands introduced in 20137. Previous 
research from this database between 2013 and 2015 showed a combined mortality 
for open surgery and EVAR of 1.9% for infra- and juxtarenal aortic aneurysms (JRAAA) 
combined. So far, little specific data is published on outcomes of JRAAA repair while 
JRAAAs account for roughly 15% of all AAAs8. As JRAAAs demand a different, more 
complex, approach in open surgery (suprarenal clamping) and in complex endovascular 
repair (cEVAR; chimney EVAR (CHEVAR) or fenestrated EVAR (FEVAR)), outcomes after 
JRAAA treatment are most likely different from treatment of infrarenal aneurysms. 
Therefore, JRAAAs should be evaluated separately in observational research as well 
as in a randomized trial. Consequently, this study evaluates the most recent short-
term outcomes after elective juxtarenal aortic repair in a consecutive cohort from a 
nationwide database reflecting daily practice in the Netherlands.

METHODS

This is a retrospective study performed on a prospectively collected registry. We 
followed the STROBE guidelines reporting this study.

Data source
The dataset was derived from the DSAA. The DSAA is a compulsory nationwide audit 
which was initiated in 2013 and prospectively registers all patients treated for an aortic 
aneurysm (infrarenal-, juxtarenal-, suprarenal aneurysms) either with open surgery 
or with cEVAR. The purpose of the DSAA is to monitor quality and improve outcomes 
after aortic aneurysm treatment. Surgeons register their data via a web-based survey 
or deliver the data as a data file. Our research group was granted permission by the 
DSAA scientific and ethical committee after submitting a research proposal to evaluate 
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all JRAAA patients treated in the Netherlands between January 2016 and December 
2018. From the DSAA we received anonymized data for the analysis. The study complied 
with the Declaration of Helsinki.

FIGURE 1 Patient selection. Abbreviations: JRAAA: Juxtarenal abdominal aortic aneurysm, DSAA: 
Dutch Surgical Aneurysm Audit, OSR: open surgical repair, EVAR: endovascular aneurysm repair
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Study population
Between 2016 and 2018, 12.194 patients were registered in the DSAA with an aortic 
aneurysm. In this dataset 1243 patients were registered having a JRAAA. Elective, 
primary, atherosclerotic JRAAAs were included. In Figure 1 the exact flow diagram of 
patient in- and exclusion is drawn. The final database consisted of 455 electively and 
primarily treated JRAAA patients in 44 Dutch hospitals; 258 patients treated with OSR 
and 197 with cEVAR.

Definitions
A juxtarenal aortic aneurysm is generally defined as an aortic aneurysm extending 
up to, but not involving the renal arteries, i.e. a short infrarenal aortic neck <10mm, 
necessitating inter-renal, suprarenal below the superior mesentery artery, or infra- or 
supra coeliac clamping9, 10. The DSAA database included all patients who were marked 
as segment C AAA and JRAAA by the registering clinicians. Segment C aneurysm was 
defined as an aortic aneurysm distally from the superior mesenteric artery. Suprarenal 
clamping was defined as clamping above one or both renal arteries. As the DSAA 
database did not provide us with anatomical features to check if all included patients 
met the formal definition of a juxtarenal aneurysm, we used operation characteristics to 
approximate the formal anatomical definition. We excluded all patients with infrarenal 
clamping in the OSR treatment group, because when infrarenal clamping is used it 
is more likely to be an infrarenal aneurysm and therefore misclassification is likely. If 
patients were endovascularly treated, they had to have undergone some type of branch 
inclusion in the reconstruction, i.e. CHEVAR, or FEVAR. Patients treated with FEVAR with 
four fenestrations and branched EVAR (BEVAR) were excluded because in most cases 
BEVAR is used for suprarenal aneurysms and therefore misclassification is most likely. 
Study variables included all pre-operative variables and peri-operative variables which 
are compulsory to submit for every aneurysm patient DSAA registration. Some study 
variables included the option ‘unknown’.

Preoperative cardiac status was recorded in the DSAA registry as the presence of (1) no 
cardiac history, (2) medication for hypertension, angina pectoris, diuretics, or digoxin, 
(3) presence of peripheral edema of use of coumarins or borderline cardiomyopathy 
(4) presence of an elevated central venous pressure or cardiomegaly, and (5) unknown. 
Preoperative pulmonary status was recorded in the registry as the presence of (1) no 
pulmonary history, (2) presences of dyspnea during exercise, (3) presence of severe 
dyspnea being invalidating dyspnea, dyspnea at rest, consolidation and lung fibrosis, 
and (4) unknown. ECG abnormalities consisted of atrial fibrillation, ischemia or any 
other abnormalities on ECG. 
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A cardiac complication is recorded as yes if myocardial infarction, decompensated 
heart failure, cardiac arrhythmias, or other cardiac complications occurred. Pulmonary 
complications are recorded as yes if pneumonia, pulmonary embolism, pneumothorax, 
or other pulmonary complications occurred. Renal complications are recorded as 
yes if renal insufficiency not requiring haemodialysis or renal insufficiency requiring 
haemodialysis occurred. Neurologic complications are recorded as yes if cerebrovascular 
accident, paraplegia, delirium, or other neurological complications occurred. Abdominal 
complications are recorded as yes if abdominal abscess, abdominal sepsis, ileus, spleen 
injury, bowel ischemia, bowel injury, stoma placement, or other abdominal complications. 
Arterial occlusions are recorded as yes if (major) amputation, renal artery arterial 
occlusion, or other arterial occlusion (including trash foot) occurred. Reconstruction 
and prosthesis related complications are recorded as yes if prothesis infection, prothesis 
migration, or other reconstruction and prothesis related complications occurred. 
Wound complications are recorded as yes if deep wound infection, fascia dehiscence 
or other wound complications occurred. Postoperative bleeding was marked as yes if 
a postoperative bleeding occurred. Infection (non-surgical) was marked as yes when 
an infection occurred that was not a surgical or pulmonary infection. The category 
‘other’ complications is any other complication which occurred within 30 days or within 
hospital admission that did not fit any of the other categories.

The primary end-point was early mortality and secondary end-points were major and 
minor complications within 30 days, re-intervention/re-operations within 30 days and 
unplanned readmission within 30 days after discharge. Early mortality was defined 
as death within 30 days after treatment or within initial hospital admission. A major 
complication was defined as any post-operative adverse event causing a prolonged 
hospital stay, re-intervention or early mortality, with a maximum of one major 
complication11. A minor complication was defined as any post-operative adverse event 
which did not lead to a prolonged hospital stay, re-intervention, permanent injury or 
early mortality. The definition of major or minor complication is therefore not based on 
the specific complication but on the consequence the complication had. A prolonged 
hospital stay was defined as the length of hospital stay beyond the 75th percentile of 
length of stay per treatment group. Complications which occurred within 30 days after 
treatment or within initial hospital admission causing permanent injury, like permanent 
dialysis after kidney failure, were marked as complications <30 days causing permanent 
injury. Patients who underwent a re-operation or re-intervention within 30 days after 
initial treatment or within hospital admission were marked as re-operation or re-
intervention <30 days. Unplanned readmissions were admissions within 30 days after 
discharge of the initial admission that did not involve a planned admission.
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Statistical analysis
Categorical variables were described by frequency distribution, and compared across 
patient groups treated with OSR or cEVAR. Continuous variables were tested for normality 
and linearity by one-sample Kolmogorov-Smirnov testing, and then compared across 
treatment groups using one-way ANOVA. This was done for pre-operative variables as 
well as intraoperative variables and outcomes. Adjusted odds ratios were estimated by 
a multivariable logistic regression model adjusting for age, sex, cardiac status, result 
of last ECG, pulmonary status, preoperative hemoglobin level, preoperative creatinine 
level and largest diameter of the aneurysm. If variables contained missing data, this is 
acknowledged in the tables. All p-values are two-tailed, with values <0.05 considered 
statistically significant. All analysis were performed using STATA 14.1MP statistical 
software (College Station, TX, USA).

RESULTS

From the included 455 electively primarily treated JRAAA patients from 44 Dutch 
hospitals, 258 patients were treated with OSR and 197 with cEVAR. In the OSR group, 
patients were significantly younger compared to the cEVAR group (72 years ± 6.1 vs. 76 
years ± 6.0, respectively, p<0.001) (Table 1). Female patients were more often treated 
with OSR compared to male patients (OSR: female vs. male; 22% vs. 78%, cEVAR: female 
vs. male; 14% vs. 86%, p=0.047). No difference was seen between comorbidities or 
preoperative laboratory values. The number of patients treated over the years remained 
stable also in the distribution between the treatment groups and sex.

During OSR a tube prosthesis was used in 139 out of 258 (54%) cases and in 45% of cases 
a bifurcated prothesis (Table 2). In 55% of cases the aortic clamp was placed above 
both renal arteries and in 37% above one of the renal arteries. For cEVAR, fenestrated 
grafts were mostly used (125/197, 69%), the remaining cEVAR cases were treated with 
chimney EVAR. Almost 90% of procedures involved two or three target vessels.

OSR showed similar intraoperative complications compared to cEVAR (7% vs. 8%, 
p=0.088) which was mainly due to the occurrence of a type 1 endoleak in 5 patients 
(3%) in the cEVAR group. Blood loss was significantly different in favor of cEVAR, in which 
most patients had blood loss between 101-500 ml compared to mostly more than 1000 
ml in the OSR group (p<0.001).
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TABLE 1 Pre-operative characteristics of elective primary JRAAA repairs

Total
N=455 

OSR
N=258 
(57%)

cEVAR
N=197 (43%) P

Age in years 74 ± 6.2 72 ± 6.1 76 ± 6.0 <.001

Sex
Male
Female 

369 (81%)
86 (19%)

201 (78%)
57 (22%)

168 (85%)
29 (15%)

.047

Year of treatment
2016
2017
2018

163 (36%)
147 (32%)
145 (32%)

95 (37%)
77 (30%)
86 (33%)

68 (35%)
70 (35%)
59 (30%)

.431

Cardiac state
No abnormalities
Antihypertensive medication
Peripheral edema
Raised central venous pressure
Unknown

151 (33%)
254 (56%)

33 (7%)
5 (1%)

12 (3%)

90 (35%)
139 (54%)

20 (8%)
3 (1%)
6 (2%)

61 (31%)
115 (58%)

13 (7%)
2 (1%)
6 (3%)

.850

Pulmonary state
No dyspnea
Dyspnea
Severe dyspnea
Unknown

343 (69%)
123 (25%)

23 (5%)
6 (1%)

181 (70%)
66 (26%)

9 (3%)
2 (1%)

162 (68%)
57 (24%)
14 (6%)
4 (2%)

.564

Last preoperative ECG
No abnormalities
Abnormalities
No ECG performed / unknown ECG

200 (44%)
226 (49%)

29 (6%)

123 (48%)
126 (49%)

9 (3%)

77 (39%)
100 (51%)
20 (10%)

.037

Hemoglobin (mmol/L) 8.6 ± 0.98 8.6 ± 0.96 8.7 ± 1.01 .228

Creatinine (µmol/L) 101± 44 101 ± 53 101 ± 28 .926

Largest diameter aneurysm 
when treated (mm) 

60 [11] 60 [12] 61 [10] .877

Note: Data are presented as n (%), mean ± standard deviation or median (interquartile range [IQR]). OSR = open 
surgical repair; cEVAR = complex endovascular aneurysm repair; IQR = Interquartile range.
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TABLE 2 Intra-operative characteristics of elective primary JRAAA repairs

Total
N=455 

OSR
N=258 (57%)

cEVAR
N=197 (43%) P

Intraoperative characteristics OSR
Type of prosthesis*
- Tube prosthesis
- Bifurcation prosthesis
- Unknown
Clamping above renal arteries*
- Above 1 renal artery
- Above 2 renal arteries
- Unknown

NA

139 (54%)
117 (45%)

2 (1%)

95 (37%)
143 (55%)

20 (8%)

NA NA

Intraoperative characteristics cEVAR
Endovascular procedure*
- Chimney EVAR
- Fenestrated EVAR
Amount or target vessels
- One target vessel
- Two target vessels
- Three target vessels

NA NA

54 (27%)
143 (73%)

24 (12%)
82 (42%)
91 (46%)

NA

Intraoperative complication
None
Cardiac arrest or resuscitation
Unintended occlusion branch
Type 1 endoleak
Type 3 endoleak
Iatrogenic bowel damage
Iatrogenic ureter damage
Other

421 (93%)
1 (0%)
5 (1%)
5 (1%)

0
3 (1%)
1 (0%)

19 (4%)

241 (93%)
1 (0%)
2 (1%)

NA
NA

3 (1%)
1 (0%)

10 (5%)

180 (92%)
0

3 (1%)
5 (3%)

0
NA
NA

9 (4%)

.088

Blood loss
< 100 ml
101-500 ml
501-999 ml
1000 or more ml
Unknown 

56 (13%)
106 (23%)
65 (14%)

200 (44%)
28 (6%)

2 (1%)
23 (9%)

45 (17%)
173 (67%)

15 (6%)

54 (27%)
83 (42%)
20 (10%)
27 (14%)
13 (7%)

<.001

Peritoneal contamination
None
Minimal fluid
Abscess
Peritonitis, fecal contamination* 

NA
234 (92%)

19 (7%)
0

2 (1%)

NA NA

Amount of initial procedures
One procedure
Two procedures
More than two procedures

406 (89%)
43 (10%)

6 (1%)

229 (89%)
26 (10%)

3 (1%)

177 (90%)
17 (9%)
3 (1%)

.826

Note: Data are presented as n (%). Significant values are presented in bold. OSR = open surgical repair; cEVAR = 
complex endovascular aneurysm repair; NA = not applicable. *missing data <5%
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Postoperative characteristics are described in Table 3. Almost half of the OSR treated 
patients had some type of complication within 30 days compared to a third of the 
cEVAR treated patients (no missing data). After OSR, patients underwent more often 
a re-intervention within 30 days after initial JRAAA treatment due to a relatively high 
amount of re-laparotomies. Unfortunately, the database does not provide data on the 
reasons for these re-laparotomies. More abdominal and renal complications occurred 
after OSR compared to cEVAR, but the different categories of complications more than 
half of the data was missing. After treatment with cEVAR, patients had a significantly 
shorter intensive care stay and hospital stay compared to OSR (both p<0.001).

Looking at the outcomes within 30 days, patients treated with OSR had significantly 
more complications, both major and minor, as well as a higher risk of early mortality 
(Table  4). The number of targeted vessels were not associated with the occurrence 
of major or minor complications (p=0.542, p=0.648, respectively). Also, it was not 
associated with early mortality (p=0.569). After adjustment for age, sex, cardiac status, 
result of the last ECG, pulmonary status, preoperative hemoglobin level, preoperative 
creatinine level, and largest diameter aneurysm, the odds ratios for major complications 
within 30 days after treatment were 3.64 (CI 2.25-5.89) higher when treated with OSR. 
For minor complications the odds ratios were 2.17 (CI 1.34-3.53) higher after treatment 
with OSR relative to cEVAR and for early mortality the odds ratios were higher with 3.79 
(CI 1.26-11.34).
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TABLE 3 Postoperative characteristics of elective primary JRAAA repairs

Total
N=455 

OSR
N=258 
(57%)

cEVAR
N=197 
(43%) P

Days of intensive care admission 1 [0-2] 2 [1-3] 0 [0-1] <.001

Days of hospital admission 7 [4-10] 8 [6-12] 4 [3-7] <.001

Patients with a complication 
within 30 days*

192 (42%) 127 (49%) 65 (33%) <.001

Category complications within 30 days#
Cardiac
Pulmonary
Renal
Neurologic
Abdominal
Arterial occlusion
Reconstruction/prosthesis related
Wound
Postoperative bleeding
Infection (non-surgical)
Other

39 (13%)
59 (19.%)
35 (11%)
39 (13%)
30 (10%)
22 (7%)
10 (3%)
15 (5%)
9 (3%)

14 (4%)
36 (12%)

31 (15%)
38 (18%)
30 (14%)
24 (11%)
26 (12%)
16 (8%)
5 (2%)

12 (6%)
5 (2%)
9 (4%)

18 (8%)

8 (9%)
21 (23%)

5 (5%)
15 (16%)

4 (4%)
6 (7%)
5 (5%)
3 (3%)
4 (4%)
5 (5%)

18 (19%)

.057

.683

.010

.382

.004

.659

.127

.277

.492

.879

.023

Patients with a re-intervention or 
re-operation within 30 days* 

50 (11%) 34 (13%) 16 (8%) .188

Category re-operation or re-
intervention within 30 days*

Endovascular procedure
Percutaneous procedure
Endoscopic procedure
Reoperation open procedure
- Opening wound only
- Re-laparotomy
- Other open procedure
Other procedure

6 (12%)
2 (4%)
2 (4%)

27 (55%)
2 (7%)

15 (56%)
10 (37%)
12 (25%)

1 (3%)
1 (3%)
1 (3%)

22 (67%)
1 (5%)

15 (68%)
6 (27%)
8 (24%)

5 (31%)
1 (6%)
1 (6%)

5 (31%)
1 (20%)

0
4 (80%)
4 (26%)

.046

.848

.848

.007

.848

.001

.832

.480

Note: Data are presented as n (%) or median (interquartile range [IQR]). Significant values are presented in bold. 
OSR = open surgical repair; cEVAR = complex endovascular aneurysm repair; IQR = Interquartile range. *no missing 
data. #missing data 50-60%.
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TABLE 4 Adjusted early outcomes after primary elective JRAAA repair

Total
N=455 

OSR
N=258 
(57%)

cEVAR
N=197 
(43%) OR a 95% CI

Major complications 
<30days 

157 (34.5%) 116 (45.0%) 41 (20.8%) 3.64 2.25 – 5.89

Minor complications 
<30days 

132 (29.0%) 87 (33.7%) 45 (22.8%) 2.17 1.34 – 3.53 

Complications <30 days 
causing permanent injury 

34 (7.5%) 21 (8.1%) 13 (6.6%) 1.05 0.91 – 1.22 

Re-operation or re- 
intervention <30 days 

50 (10.9%) 34 (13.2%) 16 (8.1%) 1.69 0.85 – 3.40

Unplanned readmission 
<30 days after discharge 

34 (7.5%) 14 (5.4%) 20 (10.2%) 0.55 0.25 – 1.20

Early mortality 22 (4.8%) 17 (6.6%) 5 (2.5%) 3.79 1.26 – 11.34

Note: Data are presented as n (%). ORs are given for OSR compared with EVAR. Significant values are presented in 
bold. OSR = open surgical repair; cEVAR = complex endovascular aneurysm repair; OR = odds ratio; CI = confidence 
interval.
a Logistic regression is performed for each outcome measure, adjusting for age, sex, cardiac status, result of last 
ECG, pulmonary status, preoperative hemoglobin level, preoperative creatinine level, largest diameter aneurysm, 
hospital operation volume for juxtarenal aneurysms, and year of operation.

DISCUSSION

This study provides data on real life daily practice in the Netherlands treating juxtarenal 
abdominal aortic aneurysms. More major and minor complications occurred after 
OSR compared to cEVAR, as well as a significantly higher 30-day mortality was noted. 
After adjustment for confounders the odds ratios for major complications as well as 
early mortality were over 3.5-fold higher after OSR compared to cEVAR and minor 
complications showed a 2-fold higher odds ratio. The generalizability of this study is 
influenced by patient selection based on the available data, i.e., type of treatment, and 
the number of patients included which should be taken into account when interpreting 
this study.

A recent meta-analysis discussing the trials for elective infrarenal abdominal aneurysm 
treatment showed significant lower early mortality for patients treated with cEVAR12. For 
more complex aortic aneurysms, such as JRAAAs, two high-quality meta-analyses have 
been published both showing no significant differences in early mortality between OSR 
and FEVAR13, 14. OSR did show a higher number of postoperative complications compared 
to FEVAR in both studies. These results were also taken into account by the European 
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Society of Vascular Surgery guideline which recommends that the preferred treatment 
option for JRAAAs is an endovascular solution with fenestrated endografts when feasible 
because the mortality is equal but the morbidity is less10. Within this guideline the use 
of CHEVAR is only recommended in the acute setting or as endovascular bailout option 
and ideally restricted to a maximum of two chimneys. This is due to the advantage of 
CHEVAR not being a custom made device and therefore can be used in an emergency 
setting. The disadvantage is that postoperative type 1a endoleaks and chimney graft 
occlusion occur more often compared to FEVAR10, 15, 16 Our registry did include patients 
treated with CHEVAR in the elective setting between 2016-2018, which was before the 
newest guideline publication.

The lack of significant difference in mortality in the meta-analyses of Roa et al. and 
Jones et al. was possibly caused by including patients in the endovascular group with 
more co-morbidities13, 14. In accordance with the previously published literature, in this 
study major complications occurred more often in patients treated with OSR compared 
to cEVAR, especially renal and abdominal complications13, 14. This is probably also the 
explanation for more re-interventions within 30 days after treatment with OSR and could 
very well have affected the short-term mortality. Although suprarenal clamping in the 
OSR group does skew the chances of post-operative renal impairment, previous studies 
found no effect on the occurrence of permanent dialysis and mortality and is therefore 
probably not a complete explanation for the mortality difference in this study17-20. In 
patients treated for infrarenal aneurysms it is known that a short neck is associated with 
higher mortality in patients treated with OSR while EVAR is not possible in this group21, 

22. The generally broader range of anatomical characteristics that are accepted for OSR 
compared to cEVAR could therefore also be a factor contributing to a higher mortality 
after OSR in this study.

In this registry the choice of treatment modality was left to the surgeons discretion. 
Therefore, some patients may have undergone OSR since cEVAR was not available in 
that hospital whilst other patients may have been offered an endovascular solution 
only in a hospital with an “endovascular-first” strategy for JRAAA. Even when both 
treatments are equally enrolled in the concerning hospital and the patients anatomy 
is suited for both, it can be difficult to decide which patient to offer which treatment. 
A methodically well-developed pre-operative risk model specifically made for JRAAAs 
could be of value to give more pre-operative guidance. A recent study of the Vascular 
Quality Initiative data did show that acute kidney injury after JRAAA treatment with 
OSR was associated with increased co-morbidities pre-operatively and also worse short- 
and long-term mortality16. Further risk stratification of pre-operative co-morbidities and 
also information on the impact of the different treatment modalities on quality of life 
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could aid in the decision-making process10. Unfortunately, no RCT has been performed 
comparing treatment outcomes of OSR versus cEVAR for JRAAA, although that would 
be the best way to truly compare these treatment modalities6. Since the choice of a 
surgical approach is multifactorial, a randomized trial would be the most appropriate 
method that corrects by default for confounding by indication10.

Limitations
This study must be interpreted in the context of its design. Patient selection was done 
on operation technique only, as there was no information on anatomical configurations 
inevitably causing selection bias. Some pararenal or suprarenal AAAs may have been 
included in the endovascular group and treated with three fenestrated EVAR. Also, in the 
OSR group selection bias could also be present, patients with anatomically true JRAAAs 
could have been treated using an infrarenal clamp anyway and were therefore excluded 
from analysis in this study. Also, the local availability of cEVAR and the preference of 
the surgeon or patient is of influence on the decision whether to treated the JRAAA 
endovascular or open which were unknown parameters in this study.

The retrospective analysis of prospectively collected data was done using data from the 
DSAA registry. As with all registries, it depends on the registering physician reporting 
on peri-operative characteristics, which may lead to errors in interpretation of the data 
before reporting, errors during data input or missing data. The DSAA is a prospective 
quality registry system and provides us with crucial variables to include JRAAA patients 
as adequately as possible, i.e. suprarenal clamping during OSR or the usage of branch 
inclusion in the reconstruction during cEVAR. Despite this, the registry did not provide us 
the anatomical configurations of the infrarenal neck lengths or aneurysm involvement 
of the renal arteries or extension above the renal arteries.

CONCLUSIONS

This study provides the data on current practice of the treatment of JRAAAs in the 
Netherlands. In this study, after primary elective open surgical repair for JRAAAs the 
odds for major complications, minor complications, and short-term mortality were all 
significantly higher compared with complex endovascular repair. Though this study 
reflects daily practice in the Netherlands, selection bias and number of included patients 
should be taken into account when interpreting the generalizability of this study. For 
future research, development of a preoperative risk model would be a valuable tool 
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to identify patients pre-operatively most likely to survive treatment, preferably in a 
prospective cohort including anatomical configurations to prevent the issue of selection 
bias.
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