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Abstract 
Objectives: To investigate the influence of cold renal perfusion on renal func-
tion and clinical outcomes in cases where the renal ischemia time exceeded 30 
min during pararenal and juxtarenal abdominal aortic aneurysm (P/JAAA) 
surgery. Methods and Results: Fifty-four patients who underwent open re-
pair for P/JAAAs were retrospectively analyzed. Thirty-nine patients received 
renal perfusion with cold Ringer’s solution (perfusion group) and 15 pa-
tients did not receive renal perfusion (non-perfusion group). There were no 
significant differences in preoperative serum creatinine level (Cr) (1.08 ± 
0.42 vs. 1.35 ± 0.71 mg/dL, p = 0.09), percentage of patients with Cr > 2 
mg/dL [2/38 (5%) vs. 2/15 (13%), p = 0.8], and renal ischemia time during 
proximal aortic clamping (49 ± 21 vs. 47 ± 11 min; p = 0.8) between the 
groups. Postoperative Cr was significantly lower in the perfusion group than 
in the non-perfusion group (1.48 ± 0.76 vs. 2.23 ± 1.21 mg/dL, p < 0.01). The 
percentage of patients with postoperative Cr > 2 mg/dL was also significantly 
lower in the perfusion group than in the non-perfusion group [5 (13%) vs. 7 
(47%), p < 0.01)]. At discharge, Cr returned to preoperative levels in both 
groups. All patients were discharged from the hospital without incidents. 
Conclusion: Renal artery perfusion with cold Ringer’s solution clearly re-
duced the deterioration of postoperative renal function compared to non-renal 
perfusion. 
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1. Introduction 

Although abdominal aortic aneurysms (AAAs) are increasingly treated by en-
dovascular aortic repair (EVAR), pararenal and juxtarenal AAAs (P/JAAAs) 
represent a growing number of conditions requiring open repair [1] [2]. Surgical 
treatment of P/JAAAs requires suprarenal aortic cross-clamping, causing tem-
porary renal artery occlusion. Suprarenal clamping is associated with frequent 
renal impairment and higher mortality and morbidity rates [1]-[6]. 

The risk of postoperative renal failure increases with longer durations of su-
prarenal clamping, especially when the ischemia period exceeds 30 - 45 min [1] 
[7] [8]. To preserve renal function, cold renal perfusion during suprarenal 
clamping has been performed. However, it was performed mostly in selected pa-
tients with preoperative renal insufficiency or when longer renal ischemia was 
anticipated; none of the studies compared the effects of cold renal perfusion with 
a control group. Thus, its efficacy has not been definitively determined [9]. 

We have used cold renal perfusion to preserve renal function for P/JAAAs 
requiring suprarenal aortic cross-clamping in principle. This study aimed to 
analyze our surgical experiences for P/JAAAs and to investigate the influence of 
cold renal perfusion on renal function and clinical outcomes by comparing pa-
tients with or without cold renal perfusion. 

2. Materials and Methods 
2.1. Patients 

In our facility, open repair was standard for P/JAAAs requiring suprarenal 
clamping and 61 patients underwent open repair for P/JAAAs between January 
2001 and December 2018. Among them, 54 patients were retrospectively ana-
lyzed, excluding 3 patients who were dependent on hemodialysis for end-stage 
renal disease and 4 patients whose renal ischemia time was less than 30 min. 
Thirty-nine patients who received renal perfusion with cold Ringer’s solution 
comprised the perfusion group, and 15 patients who did not receive renal perfu-
sion comprised the non-perfusion group. 

Juxtarenal AAA is defined as an aneurysm that necessitates suprarenal or in-
ter-renal proximal clamping for open surgery with infrarenal reconstruction. 
Likewise, pararenal AAA (PAAA) also necessitates suprarenal, and sometimes 
supraceliac clamping, but requires additional revascularization of the renal ar-
tery [10]. 

The Institutional Review Board of Miyazaki University Hospital approved this 
study and waived the requirement for informed consent for participation on ac-
count of the retrospective nature of the study. General informed consent for un-
dergoing the recommended interventions and investigations was obtained from 
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each patient before surgery. 

2.2. Surgical Procedures 

All procedures were performed via a midline transperitoneal approach except for 
one patient who underwent supraceliac aortic clamping via a retroperitoneal ap-
proach with the Stoney incision. We mobilized the left renal vein to access the 
proximal aortic neck, but did not divide it. Preserving renal blood flow as much 
as possible, we selected the proximal clamping level based on the extension of 
the aneurysm judging from the preoperative computed tomography and intra-
operative findings. One or both renal arteries were blocked externally prior to 
the aortic cross-clamping as much as possible to prevent renal artery embolism. 
After incising the aneurysm, we debrided the protruding atherosclerotic aortic 
plaque near the suture line and washed thoroughly, and then, released the 
blockage of the renal arteries and cannulated the renal artery ostia with a bal-
loon-tipped catheter. We perfused the kidneys with cold (4˚C) Ringer’s solution, 
which consisted of 500 ml of lactated Ringer’s solution, 7 ml of 7% sodium bi-
carbonate solution, 300 mg of methylprednisolone, and 2000 units of heparin 
sodium, for 39 patients (72%) (perfusion group). However, 15 patients did not 
receive the renal perfusion because of the difficulty of cannulation or the surge-
on’s preference (non-perfusion group). In the perfusion group, perfusion was 
performed at the rate of 250 mL/min of solution per kidney before 2011. From 
2011, perfusion was performed at a rate of 250 ml of solution per kidney for 5 
min. After completing the proximal anastomosis, the graft and proximal aorta 
were flushed by the temporary removal of the aortic clamp. The graft was then 
cross clamped below the anastomosis, and the aortic clamp at the aorta was re-
moved to restore the renal blood flow while the distal anastomosis was com-
pleted. Forty-eight patients underwent repair with proximal anastomosis just 
below the renal arteries; 6 patients (11%) with PAAA required renal artery re-
vascularization. The reasons for surgery were ruptured aneurysm in one patient 
(2%), dilated aneurysm with a maximum diameter of >50 mm or rapidly enlarging 
aneurysm in 42 patients (78%), and saccular aortic aneurysm which seemed prone 
to rupture in 11 patients (20%). 

2.3. Perioperative Management 

We tried to maintain renal function with adequate infusion management and blood 
pressure control. However, if the patient’s renal function declined to oliguria, we 
introduced continuous renal replacement therapy. 

2.4. Statistical Analysis 

The results are expressed as means ± standard deviations. Statistical analyses 
were performed using the t-test or Wilcoxon signed-rank test for continuous va-
riables and the Chi-square test for categorical variables. Patient characteristics, 
operative details, and postoperative outcome data were obtained from the clini-
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cal records and were compared between the perfusion group and non-perfusion 
group. The preoperative, postoperative, and discharge serum creatinine level (Cr), 
and percentage of patients with Cr > 2 mg/dL, and rate of change of Cr [postoper-
ative Cr/preoperative Cr × 100 (%) and discharge Cr/preoperative Cr × 100 (%), 
respectively] were used to evaluate renal function and were compared between 
the groups. The correlation between the rate of change of postoperative Cr and 
renal ischemia time was verified using Pearson’s correlation test. A value of p < 
0.05 was considered statistically significant. 

3. Results 
3.1. Patient Characteristics and Preoperative Renal Function 

Table 1 summarizes the preoperative characteristics of patients who underwent 
P/JAAAs repair. Table 2 shows the preoperative Cr. The mean age was 72 ± 7 
(range 54 - 85) years, and 49 patients (91%) were men. One patient (2%) had 
ruptured AAA. Six patients (11%) had PAAA. The mean diameter of the aortic 
aneurysm was 55 ± 10 mm. In terms of disease etiology, 53 (98%) patients had 
atherosclerotic aneurysm and only one patient (2%) had inflammatory aortic 
aneurysm. Patients with dissecting aneurysm or infected aneurysm were un-
noted in this study. Thirty-two patients (59%) had chronic kidney disease 
(CKD) of stage 3 and over (stage 3: 26, stage 4: 5, and stage 5: 1, respectively) 
[11]. Preoperative Cr was 1.16 ± 0.53 (range 0.50 - 3.47) mg/dL and 4 patients 
(7%) had Cr > 2 mg/dL. 

There were no significant differences in age, sex, and comorbidities between 
the perfusion and non-perfusion groups. The perfusion group had a non-significantly 
lower preoperative Cr than the non-perfusion group [1.08 ± 0.42 vs. 1.35 ± 0.71 
mg/dL (p = 0.09)]. 

 
Table 1. Preoperative characteristics. 

Variable 
All 

(n = 54) 
Perfusion 
(n = 39) 

No perfusion 
(n = 15) 

P 

Age, years 72 ± 7 72 ± 7 73 ± 9 0.6 

Male sex, n (%) 49 (91%) 36 (92%) 13 (87%) 0.9 

Hypertension, n (%) 45 (83%) 32 (82%) 13 (87%) 0.9 

Diabetes mellitus, n (%) 7 (13%) 3 (8%) 4 (27%) 0.3 

Coronary artery disease, n (%) 21 (39%) 16 (41%) 5 (33%) 0.9 

Peripheral artery disease, n (%) 3 (6%) 1 (3%) 2 (13%) 0.5 

AAA size, mm 55 ± 10 54 ± 8 58 ± 13 0.2 

Saccular AAA, n (%) 11 (20%) 6 (15%) 5 (33%) 0.5 

Ruptured AAA, n (%) 1 (2%) 0 1 (7%) 0.4 

Pararenal AAA, n (%) 6 (11%) 6 (15%) 0 0.1 

CKD stage ≥ 3 32 (59%) 22 (56%) 10 (67%) 0.9 

AAA: abdominal aortic aneurysm; CKD: chronic kidney disease. 
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3.2. Operative Data 

Table 3 provides a summary of the operative data. The proximal aortic clamping 
level was the supraceliac artery in 1 patient (2%), suprarenal arteries in 30 pa-
tients (56%), and inter-renal arteries in 23 patients (42%). In the perfusion group, 
15 patients (38%) received bilateral perfusion and 24 patients (62%) received un-
ilateral perfusion; those whose aortic clamp was above the renal arteries did not 
always receive bilateral perfusion. Six patients in the perfusion group also re-
quired revascularization of the renal artery; two of them underwent bilateral re-
vascularization. The renal ischemia time was 49 ± 19 (range 30 - 106) min; there 
was no significant difference between the perfusion and non-perfusion groups (49 
± 21 vs. 47 ± 11 min; p = 0.8). 

 
Table 2. Changes in renal function. 

Variable 
All  

(n = 54) 
Perfusion  
(n = 39) 

No perfusion  
(n = 15) 

P 

Preoperative 
    

Cr (mg/dL) 1.16 ± 0.53 1.08 ± 0.42 1.35 ± 0.71 0.09 

Cr > 2 mg/dL, n (%) 4 (7%) 2 (5%) 2 (13%) 0.8 

Postoperative 
    

Cr (mg/dL) 1.69 ± 0.96* 1.48 ± 0.76* 2.23 ± 1.21* <0.01 

Cr > 2 mg/dL, n (%) 12 (22%) 5 (13%) 7 (47%) <0.01 

Rate of change of Cr (%)# 152 ± 71 140 ± 53 183 ± 101 0.04 

Discharge 
    

Cr (mg/dL) 1.14 ± 0.56 1.05 ± 0.44 1.38 ± 0.75 0.04 

Cr > 2 mg/dL, n (%) 5 (9%) 3 (8%) 2 (13%) 0.5 

Rate of change of Cr## 100 ± 21 98 ± 21 105 ± 21 0.3 

Cr: serum creatinine level. *p value < 0.05 versus preoperative. #postoperative Cr/preoperative Cr × 100 
(%). ##discharge Cr/preoperative Cr × 100 (%). 

 
Table 3. Operative data. 

Variable 
All 

(n = 54) 
Perfusion 
(n = 39) 

No perfusion 
(n = 15) 

P 

Aorta clamping level 
    

Supraceliac artery, n (%) 1 (2%) 1 (3%) 0 0.9 

Suprarenal arteries, n (%) 30 (56%) 23 (59%) 7 (47%) 0.9 

Inter-renal arteries, n (%) 23 (42%) 15 (38%) 8 (53%) 0.8 

Renal perfusion 
    

bilateral perfusion, n (%) 15 (28%) 15 (38%) - - 

unilateral perfusion, n (%) 24 (44%) 24 (62%) - - 

Reconstruction of renal artery, n (%) 6 (11%) 6 (15%) 0 0.5 

Renal ischemia time (min) 49 ± 19 49 ± 21 47 ± 11 0.8 
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3.3. Change in Postoperative Renal Function and Clinical Outcome 

The changes in Cr are presented in Table 2. One patient in the non-perfusion 
group needed continuous renal replacement therapy. Postoperative Cr signifi-
cantly worsened in both groups [1.08 ± 0.42 to 1.48 ± 0.76 mg/dL (p < 0.01), 
perfusion group; 1.35 ± 0.71 to 2.23 ± 1.21 mg/dL (p < 0.01), non-perfusion 
group]. Figure 1 shows the correlation between the rate of change of postopera-
tive Cr and renal ischemia time. The more the renal ischemia time was pro-
longed, the more the rate of change of postoperative Cr roughly increased in 
both groups. However, the postoperative Cr in the perfusion group was signifi-
cantly lower than that in the non-perfusion group (1.48 ± 0.76 vs. 2.23 ± 1.21 
mg/dL, p < 0.01). The rate of change of postoperative Cr and percentage of pa-
tients with postoperative Cr > 2 mg/dL were also significantly lower in the per-
fusion group than in the non-perfusion group [140 ± 53 vs. 183 ± 101% (p = 
0.04) and 5 (13%) vs. 7 (47%) (p < 0.01), respectively]. 

At discharge, there was still a significant difference in Cr between both groups 
(1.05 ± 0.44 vs. 1.38 ± 0.75 mg/dL, p = 0.04). However, there were no significant 
differences in the rate of change of Cr and percentage of patients with postoper-
ative Cr > 2 mg/dL between groups [98 ± 21 vs. 105 ± 21% (p = 0.3) and 3 (8%) 
vs. 2 (13%) (p = 0.5), respectively]. There was also no significant difference in 
the postoperative length of stay between the groups (19 ± 8 vs. 22 ± 8 days, p = 
0.2). All patients left the hospital without incidents and none needed permanent 
hemodialysis. 

4. Discussion 

In this study, although there was no significant difference with respect to renal 
ischemia time, the perfusion group had a significantly lower postoperative Cr 
change rate, and fewer patients with postoperative Cr > 2 mg/dL compared to  

 

 
Figure 1. Correlation between the rate of change of postoperative Cr and renal ischemia time. The rate of change of 
postoperative Cr in the perfusion group showed a significant positive correlation with renal ischemia time (R2 = 0.37, p 
< 0.04). The rate of change of postoperative Cr in the non-perfusion group also showed a positive but non-significant 
correlation with renal ischemia time (R2 = 0.22, p = 0.07). 
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the non-perfusion group. Thus, renal perfusion with cold Ringer’s solution con-
tributed to preserved postoperative renal function. 

Kidney hypothermia may help to improve the surgical outcome of suprarenal 
aortic clamping for P/JAAA. Renal oxygen consumption is reduced to 40% when 
the renal parenchyma is cooled to 30˚C, to 15% at 20˚C, and to less than 5% at 
10˚C [12]. The permissible renal ischemia time when the renal parenchyma is 
cooled to 15˚C - 25˚C was reported to be about 2 h [13]. Interestingly, in a study 
of direct kidney cooling, there was no difference in postoperative renal outcomes 
among kidneys cooled to <15˚C versus kidneys cooled to 15˚C - 28˚C, suggest-
ing that profound hypothermia is not required to protect renal function [14]. In 
thoracoabdominal aortic aneurysms repair, the benefits of cold renal perfusion 
are well established [14]. However, there is no high-level evidence showing that 
intraoperative cold renal perfusion can prevent postoperative renal dysfunction 
in patients with P/JAAA [8]. Moreover, cannulation into the renal artery ostia 
with a catheter could cause renal artery embolization and dissection [6], the risk 
of hypothermia is the risk of systemic cooling, worsening tissue oxygenation by 
shifting the oxyhemoglobin dissociation curve to the left, and heterogeneous 
renal cortex cooling due to convection losses to the normothermic surrounding 
tissues [15]. 

In the reports using the clamp and saw technique without special renal pro-
tection for P/JAAA, the average renal ischemia time was 24 - 37 min [1] [2] [8] 
[16] [17] [18], and in particular, if the renal ischemia time was less than 30 min, 
the impact of renal ischemia on renal function was insignificant [1] [8] [17]. In 
these ways, the renal ischemia time reported in P/JAAA surgery was not very 
long, and the patients undergoing the clamp and saw technique without special 
renal protection for P/JAAA would be tolerant to renal ischemia. However, 
preoperative renal dysfunction [2] [17] [18] and prolonged renal ischemia time 
for 30 min or more are considered as risk factors for postoperative deterioration 
of renal function [1] [7] [8], and the incidence of postoperative renal failure in-
creases 10 times when the renal ischemia time lasts more than 50 min compared 
to less than 20 min [18]. 

The renal ischemia time in this study was about 50 min, which seems longer 
than previously reported, including a time of 24 - 37 min using the clamp and 
saw technique [1] [2] [8] [16] [17] [18] and 37 - 46 min using renal perfusion [6] 
[7] [19]. In particular, the causes of the prolonged renal ischemia time in our 
renal perfusion group might include perfusion of the renal artery with a solution 
and cases requiring renal artery reconstruction. Moreover, our proficiency level 
in surgery for P/JAAA might have had the most profound effect on the prolon-
gation of the renal ischemia time. However, as the frequency of EVAR increases, 
open repair may be indicated more for cases with notable difficulty like P/JAAA; 
the renal ischemia time may be prolonged in such cases. In order to safely cope 
with such cases, we believe that it was meaningful that our study revealed the 
importance of cold renal perfusion. 
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On the other hand, the Cr change rate in the perfusion group showed a posi-
tive correlation with the renal ischemia time in this study. As a result, it took 
some time for the postoperative renal function to return to the preoperative val-
ue, which might be related to the fact that there was no difference with respect to 
the postoperative length of stay between the renal perfusion and non-perfusion 
groups. In this study, we perfused the kidney at the rate of 250 mL/min per kid-
ney or at 250 ml/5 min per kidney. Although there is no established rule for the 
cold renal perfusion method, the amount of renal perfusion in this study was less 
than that reported in other studies [5] [6] [15] [19]. Judging from the fact that 
the Cr change rate in the perfusion group showed a positive correlation with 
renal ischemia time, our procedure might not be sufficient to prevent postopera-
tive renal function deterioration [6]. We perfused the kidney with a smaller 
amount of cold Ringer’s solution compared to the previous reports considering 
the risk of systemic cooling and associated complications. However, the influ-
ence of cold renal perfusion on the deep body temperature seems to be small [6] 
[15]. Thus, we would like to reconsider our method including the injection vo-
lume and speed hereafter. 

Other factors affecting postoperative renal function may include the proximal 
aortic clamp level [2] [8] and the presence or absence of division of the left renal 
vein [8] [17]. Regarding the proximal aortic clamp level, supravisceral aortic 
clamping above the celiac artery or superior mesenteric artery has been reported 
as a risk factor for postoperative renal function deterioration [2] [20]. Myers et 
al. showed that nitric oxide is important in maintaining renal cortical and me-
dullary blood flow and function. In addition to the renal ischemia-reperfusion 
injury caused by renal blood flow interruption, superior mesenteric artery blood 
flow interruption induces mesenteric ischemia-reperfusion. This reperfusion 
further results in the generation of oxygen-derived free radicals that contribute 
to decreased renal cortical and medullary nitric oxide synthesis. They also sug-
gested that maintaining visceral blood flow might be helpful in developing 
strategies to minimize renal ischemia-reperfusion injury [20]. In the present 
study, regardless of the presence or absence of cold renal perfusion, we avoided 
supraceliac aortic clamping as much as possible, and in possible cases, we 
clamped the aorta at the level between renal arteries to preserve renal blood flow 
as much as possible [2]. Moreover, we tried to prevent renal artery embolization 
by the external blockage of the renal arteries prior to the aortic cross-clamping 
and by releasing the blockage after the debridement of the protruding atheros-
clerotic aortic plaque and irrigation. Moreover, did not divide the left renal vein. 
All these factors might have contributed to preserving renal function. 

In this study, even in the non-perfusion group, the Cr value returned to the 
preoperative value at discharge; however, the postoperative Cr was significantly 
worse than that of the perfusion group. As many of the patients in this study had 
CKD of stage 3 or more, and were at a long-term risk of renal impairment [17], 
the more elderly people with renal dysfunction will be subject to the open repair 
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for P/JAAA in future. Since intraoperative transient ischemia stress could en-
hance this deterioration, cold renal perfusion may be recommended for P/JAAA, 
especially in institutions with low proficiency in surgery for P/JAAA. 

Cold blood perfusion according to thoracoabdominal aortic surgery [15] and 
venous blood perfusion from the internal jugular vein through a roller pump [7] 
were reported to be alternatives for perfusing the kidney, with good renal pro-
tective effects. However, cold renal perfusion using Ringer’s solution may be 
simpler and easier to perform. 

Both fenestrated and chimney techniques using EVAR are attractive options 
for P/JAAA treatment, with encouraging early and mid-term outcomes; howev-
er, compared with open repair, there are some problems regarding higher rates 
of secondary reintervention and renal impairment during follow-up [21] [22]. 
Therefore, individualized decision-making regarding the choice of procedure 
and the preferences of the patient should be considered. 

5. Limitation 

The limitations of this study include its retrospective design and the small num-
ber of patients. This study was not a complete control study because the non-perfusion 
group was not randomly selected. Only the patients whose proximal aortic 
clamping was placed above the bilateral renal arteries with or without bilateral 
renal perfusion should have been included in this study to clarify the influence 
of cold renal perfusion on renal function and clinical outcomes. However, this 
study included various combinations of proximal aortic clamping levels, the 
presence or absence of unilateral or bilateral renal ischemia, and the presence or 
absence of unilateral or bilateral renal perfusion. Although the long-term influ-
ence of the presence or absence of cold renal perfusion on renal function is in-
teresting, this issue was not considered in this study. 

6. Conclusion 

Renal artery perfusion with cold Ringer’s solution clearly reduced the deteriora-
tion of postoperative renal function compared to non-renal perfusion. Thus, renal 
artery perfusion with cold Ringer’s solution is a practical means of renal protection 
in P/JAAA surgery where prolonged renal ischemia time is expected. 
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