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Abstract
Purpose: Despite the advantages of endovascular procedures (EVAR) some authors are doubts to recommend 

this method for some patients. It main concerns the patients with accessory renal arteries (ARAs) and an increased 
risk of kidney failure.  The aim of this work was to evaluate the impact of accessory renal arteries on the renal 
complications after EVAR.

Methods: 54 of non-randomized patients with ARAs were enrolled to project. The endovascular aneurysm repair 
(EVAR) was performed in 30 patients and in other 24 classical surgery. 70 patients without ARAs composed the 
control.  Kidney condition was estimated on RIFLE-AKIN classification evaluating concentration of creatinine, urea, 
glomerular filtration rate (GFR), and urine output per hour (UO).  The multivariate regression analysis (ANCOVA test) 
was applied to correct for confounding and increase of precision of an estimated differences.

Results: The parameters after EVAR procedure did not differ significantly in comparison with preoperative 
value of urea (p=0.6), creatinine (p=0.16), GFR (p=0.4) and urine output (p=0.8).   The ANOVA test revealed also 
that postoperative parameters in all group of patients did not differ significantly. Although, data in classical approach 
both with or without ARAs shown a slightly tendency towards renal failure by higher concentration of urea (46.1 
vs. 45.1) and creatinine (1.26 vs. 1.21) and lower GFR (61 vs. 66) and urine output per hour (0.60 vs. 0.61). In 
multivariate regression analysis was shown the preoperative renal failure as an independent factor of acute renal 
injury. According to RIFLE-AKIN algorithm none parameters did not reach the expected postoperative value which 
allow to diagnose one of the stadia of acute kidney injury.

Conclusions: Based on the results in patients with ARAs but normal function of kidney the EVAR procedure can 
be considered as the safe method.  
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Introduction
Protecting kidney function is a priority of each procedure on 

the abdominal aorta. It is well established that postoperative kidney 
complications are severe morbidity which increase up to 20% 
postoperative mortality and costs of treatment [1-4]. Despite that 
protecting major renal arteries seems unquestionable matter there are 
many unresolved issues concerning accessory renal arteries (ARAs) 
especially in the treatment of aortic abdominal aneurysms. First, 
the question arises whether performing endovascular treatment on 
the abdominal aorta with the presence of accessory renal arteries 
endangered kidney function [1]. The incidence of acute kidney 
injury following elective endovascular procedures on the abdominal 
aorta with the presence of accessory renal arteries is virtually 
unknown. It could be because of the lack of standardized lab tests 
and clinical criteria of acute kidney injury [5-7]. Based on current 
literature it seems that problem of protecting renal artery renal 
arteries is still open [6,7]. Some authors point out that an attempt to 
protect accessory renal arteries may increase the risk of the potential 
end leaks [8].  Therefore, it is essential whether protecting accessory 
arteries jeopardize the final effect of the treatment [9].

The definition and the criteria for acute kidney injury (AKI) have 
recently become a subject of special attention [7].   The Acute Dialysis 
Quality Initiative Workgroup (ADQI) with the Acute Kidney Injury 
Network (AKIN) society proposed of a multistage classification of acute 
kidney injury, known as RIFLE-AKIN term (RIFLE is acronym from 
the words: Risk, Injury, Failure, Loss, End-stage renal disease) [10-12]. 
The aim of the study was to explore the renal function after endovascular 
procedure in abdominal aortic aneurysm (AAA) with accessory renal 

arteries. For evaluation of kidney function was applied RIFLE-AKIN 
classification.

Methods
54 of patients with accessory renal arteries who underwent 

abdominal aortic aneurysm repair were enrolled to the project. The 
presence of accessory renal arteries in patients with aortic abdominal 
aneurysm was revealed on CT scans. Endovascular aneurysm repair 
(EVAR) was performed in 30 patients and in the remaining 24 a classical 
operation.   The patients were operated in the Department of Vascular 
and General Surgery and Angiology of the Pomeranian Medical 
University in Szczecin.  The control group consisted of 70 patients with 
abdominal aortic aneurysm without additional renal arteries. Detailed 
analysis including the type of repair of aortic abdominal aneurysm, the 
number of patients undergoing, and epidemiological characteristics of 
the examined groups are presented in Table 1. The inclusion criteria for 
the study were: size of aneurysm larger than 5.5 cm or an aneurysm 
smaller than 5.5 cm but growing more than 1.0 cm per year. Patients 
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were excluded from the study with the symptoms of inflammatory 
aortic aneurysm. The following tests were used to assess renal function: 
lab tests included concentration of creatinine and urea in blood 
plasma, and vital sign measurements like a glomerular filtration rate 
(GFR) and urine output per hour (UO) [13,14]. These parameters 
were used to assess only three stadia of RIFLE-AKIN classification: 
R (Risk), I (Injury) and F (Failure) [13,14].  Stadium R (Risk) can be 
recognized if postoperative concentration of creatinine increases 1.5-
fold to preoperative value, GFR decreases 25% to baseline value or 
urine output lowers than 0.5 ml/kg/h. Diagnosis of stadium I (Injury) 
can be confirmed if postoperative concentration of creatinine increases 
2-fold to preoperative, GFR decreases 50% to baseline value or urine 
output lowers than 0.5 ml/kg/h and is lasting at least 12 hours.  Stage 
F (Failure) – can be diagnosed when postoperative concentration of 
creatinine increases 3-fold to preoperative value, GFR decreases 75% to 
baseline value or urine output lowers than 0.3 ml/kg/h [15]. Normally 
distributed data were presented as the mean (X) ± standard deviation 
(SD). The statistical hypothesis of EVAR’s safeness in the treatment of 
aortic abdominal aneurysm in the presence of accessory renal arteries 
was analysed with Student’s t-test. The ANOVA test was applied to 
analysis the differences among group means. The ANCOVA test was 
utilized to correct for confounding and increase of precision of an 
estimated differences. Statistical significance was approved at p<0.05.

Ethical Committee of Pomeranian Medical University approved the 

project. All subjects after having read the information leaflet about the 
study gave informed consent to participate in the project.

Results
The analysed parameters in the group of patients with accessory renal 

arteries operated EVAR are presented in Table 2. The preoperative mean 
concentration of urea, creatinine, GFR, and urine output in the patients 
were in the normal lab range. After EVAR procedure was observed a 
slight postoperative increase in the concentration of creatinine and 
urea, and little decrease in GFR and urine output. However, statistical 
calculations of above changes evaluated by Student’s -test shown that 
none of postoperative value reached the statistical significance level. 
The examined parameters were also compared between all groups of 
patients (Table 3).

The concentration of urea was the lowest in the group of EVAR’s 
patients (45.1 14 mg/ml). The concentration of creatinine was the 
lowest (1.13 ± 0.3 mg/dl) in the control group. The urine output and 
GFR (0.60 ± 0.1 ml/kg/h and 61 ± 21 ml/kg/1.72 m2 respectively) were 
the lowest in the group of patients with ARAs who underwent classical 
approach.  The values of examined parameters in all group of patients 
were in normal lab range and statistical analysis performed by ANOVA 
test did not demonstrate significant differences between them.

The examined parameters of the patients who underwent EVAR 

 Clinical epidemiologic data
Groups of patients and method of treatment

With ARAs Without ARAs
EVAR procedure n = 30 Classical surgery n = 24 Classical surgery n = 70

Mean age 72 ± 14 79 ± 11 67 ± 14
Smokers 23 (78%) 20 (85%) 38 (54%)

Hypertension 20 (68%) 18 (74%) 40 (57%)
Hypercholesterolemia 17 (57%) 16 (65%) 31 (44%)

Stroke 1 (2%) 1 (1%) 1 (1%)
Myocardial infarction 2 (6%) 2 (5%) 3 (4%)

Atherosclerosis of lower limbs  10 (32%)  10 (40 %)  20 (28%)
Diabetes mellitus 8 (25%) 7 (30%) 16 (22%)

BMI 32 ± 4 30 ± 5 31 ± 4

Table 1: Clinical and epidemiological characteristics of patients treated by endovascular or classical procedure with presence of accessory renal arteries or without ones /
ARAs – accessory renal artery, EVAR – endovascular aneurysm repair.

 Parameter
Preoperative Postoperative

Statistical significanceX ± SD X ± SD
n=30 n=30

Urea [mg /dl] 43.7 ± 12 45.1 ± 14 p=0.6161
Creatinine [mg /dl] 1.06 ± 0.2 1.21 ± 0.5 p=0.1678

GF [ml/min/1.72 m2] 69.9 ± 18 66 ± 25 p=0.4110
Urine Output [ml/kg/h] 0.62 ± 0.1 0.61 ± 0.1 p=0.8207

Table 2: Parameters in patients with accessory renal arteries (ARAs), before and after endovascular procedure for abdominal aortic aneurysm (EVAR) (X – mean, SD – 
standard deviation, p – statistical significance according to Student’s t-test).

Examined parameter

Group of patients

p
With ARAs Control/no ARAs/

EVAR prpocedure Classical method Classical method
X ± SD X ± SD X ± SD
n=30 n=24 n=70

Urea  [mg/dl] 45.1 ± 14 46.1 ± 18 46 ± 16 p=0.8549
Creatinine  [mg / dl] 1.21 ± 0.5 1.26 ± 0.6 1.13 ± 0.3 p=0.5167

GFR ml/min/1.72 m2] 66 ± 25 61 ± 21 69 ± 23 p=0.6723
UO [ml/kg/h] 0.61 ± 0.1 0.60 ± 0.1 0.64 ± 0.1 p=0.7987

Table 3: Analysed parameters in all groups of patients both with and without accessory renal arteries after EVAR and classical approach for abdominal aortic aneurysm. 
Patients without accessory vessels composed the reference group (X – mean, SD – standard deviation, p – statistical significance according the ANOVA test).
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procedure with the accessory renal arteries was evaluated according to 
RIFLE-AKIN criteria (Table 4). As can be noticed none of postoperative 
parameters reached the expected value what would justified the 
diagnosis one of the three analysed stadia of acute renal injury. The 
analysis of individual measurements in each patient showed that only 
in three patients after endovascular procedure could have happened 
kidneys injury but these patients had before endovascular procedure 
a slightly elevated concentration of creatinine.  Considering RIFLE-
AKIN criteria most of the patients with accessory renal arteries who 
underwent EVAR procedure for aortic abdominal aneurysm did not 
fulfil the criteria of acute kidney injury. But some of patients with a 
slightly increased of creatinine fulfilled the stadium Risk and Injury 
of this classification. Based on the ANCOVA test was shown that 
preoperative renal failure is an independent factor of acute renal injury 
after EVAR procedure with the presence of ARAs.  In general, it seems 
that applying EVAR procedure for aortic abdominal aneurysm in 
patients with normal kidney function despite the presence of accessory 
renal arteries is a safe method and is not associated with an increased 
risk of acute kidney injury.

Discussion
Based on the results of this project can be suggest that EVAR 

procedure with accessory renal arteries is a safe method because is 
not associated with increased risk of renal ischemia and eventual 
renal failure. Similar outcomes were achieved by other authors [16-
27].  The authors based their conclusions on other criteria such as 
postoperative mortality, blood pressure control, the diameter of the 
trunk of accessory arteries or size of renal infarction area.  But they 
did not apply RIFLE-AKIN classification. Some authors pointed that 
protection of accessory renal arteries could jeopardize for outcome of 
aortic abdominal aneurysm repair [21]. 

However, in the literature can be also found few reports highlighting 
the existence of an increased risk of postoperative renal failure in patients 
operated with EVAR in the presence of accessory renal arteries [28,29].  
Some authors used the renal scintigraphy to evaluate to loss of kidney 
mass after the endovascular procedure. The authors shown an average 
loss of kidney mass ranged of 10-23%. Their conclusion was that 
endovascular repair of aortic abdominal aneurysm with accessory 
renal arteries could be a rather safe option of treatment. However, they 
emphasize, that in the case of existing renal failure, qualifying patients 
for this method should be very careful [19].

RIFLE-AKIN classification was applied by one group of authors for 
evaluation of kidney function after endovascular procedure for aortic 
abdominal aneurysm with accessory renal arteries, but their results 
were in the opposite to ours [22]. The interesting experimental study, 
concerning the effect of EVAR on renal function with accessory renal 
arteries was conducted by Malgor et al. [23]. The authors carried out 
EVAR procedure with and without intention to protect of accessory 
renal arteries. Based on scintigraphy scans the authors assessed the 
kidney function. In both type of EVAR procedure was observed 
some symptoms of kidney infarction. Their conclusion was that no 
deteriorations of renal function was happening if kidney infarction 

covered less than 7% of total kidney mass.  In the light of the above 
the authors suggest that the presence or absent of additional renal 
arteries have the same probability of deteriorations on kidney function 
after endovascular approach for repair of aortic abdominal aneurysm. 
Their main conclusion that accessory renal arteries should not 
necessarily change the strategy of the treatment [9,23]. In contrast to 
the common opinion of the superiority of classic vascular procedures 
for renal function, another group of authors emphasized better 
results of intravascular approach, but the study included patients with 
abdominal aortic aneurysm without additional renal arteries [28,29].  It 
is also emphasized that renal function after endovascular procedures is 
a cumulative effect not only of the chosen treatment procedure or the 
clinical dynamics of the aneurysm but may also depend on coexisting 
diseases [30]. 

Renal function after repair of the abdominal aortic aneurysm is one 
of the most important factors reducing adverse events associated with 
the repair of abdominal aortic aneurysm and a key criterion reducing 
post-operative morbidity and mortality. It also seems to be important 
for kidney function reducing the frequency of performing radiological 
examinations, which are more aggravating renal function, for much 
safer other examinations like contrast-enhanced ultrasound (CEUS) 
[31]. The review of the literature reveals necessity of further studies on 
this subject. Therefore, these studies should be intensified in the search 
for other factors affecting renal function after treatment of abdominal 
aortic aneurysms.

Conclusions
The presence of accessory renal arteries should not be a categorical 

criterion for rejecting this method because EVAR procedure is not 
significantly associated with increased risk of postoperative acute renal 
injury. Protection of accessory renal arteries during EVAR procedure 
is not absolutely required.
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