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Objective:  Endovascular repair remains a challenge in the treatment of juxtarenal abdominal 
aortic aneurysms (AAAs); open surgery is now the treatment of choice. Because the proximal 
anastomosis involves a fragile aortic wall and renal ischemic time is correlated with postoper-
ative renal dysfunction, simple and secure reinforcing of the suture line is indispensable in 
juxtarenal AAA repair. Our report describes the efficacy of prosthetic sleeve reinforcing 
(PSR) for this repair.
Patients and methods:  From 2005 to 2009, 30 patients, including 4 with ruptured aneurysms, 
underwent juxtarenal AAA repair with PSR. We reviewed their in-hospital and midterm 
outcomes.
Results:  Mean renal ischemic time was 26 ± 5.5 min. Mean hospital length of stay was 19 days; 
including 4 cases of ruptured juxtarenal AAA, there were no mortalities. Three patients with 
preoperative renal dysfunction, including 2 with aneurysmal rupture, required temporary 
renal replacement therapy. The overall survival rate was 93% (28/30). There was no case of 
postoperative graft-related complications, including anastomotic pseudoaneurysm and graft-
enteric fistula.
Conclusion:  PSR enables secure and prompt proximal anastomosis, preventing postoperative 
morbidity and late graft-related complications. We conclude that PSR could be a valuable 
method for juxtarenal AAA repair. (Ann Thorac Cardiovasc Surg 2010; 16: 380–384)

Key words: abdominal aortic aneurysm, juxtarenal, reinforcement

Introduction

Juxtarenal abdominal aortic aneurysm (AAA) is a pararenal 
AAA characterized by the absence of normal aorta 
between the upper extent of the aneurysm and the renal 
arteries. Endovascular repair remains a challenge in the 

treatment of juxtarenal AAA; therefore open surgery is 
now the treatment of choice. Juxtarenal AAA repair usually 
require no renal reconstruction. Operative strategies, how-
ever, including proximal anastomosis, are more complex 
than common infrarenal AAA repair. Because the dura-
tion of renal ischemia is correlated with postoperative renal 
dysfunction,1) prompt proximal anastomosis is crucial for 
a decreased postoperative morbidity rate. A fragile aortic 
wall could become a risk factor of anastomotic dehis-
cence, however, resulting in troublesome anastomotic 
bleeding during surgery or postoperative anastomotic 
pseudoaneurysm. Collectively, simple and reliable rein-
forcement of the suture line is indispensable in juxtarenal 
AAA repair. On the other hand, for approximately 20 
years we have been routinely utilizing a prosthetic sleeve 
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reinforcing (PSR) method, reported first by Sapirstein in 
1971,2) for almost all cases of common infrarenal AAA. 
We had never experienced postoperative anastomotic 
complications, even at the diseased aorta, in infrarenal 
AAA repair, so we considered that the PSR method 
could be applied to juxtarenal AAA repair. Here we 
demonstrate details of the PSR method as a simple and 
secure method of reinforcement and review our experi-
ence of 30 cases of juxtarenal AAA.

Patients and Methods

Patients
From January 2005 to December 2009, a total of 516 
AAAs were repaired at our institute; 30 patients (5.8%) 
underwent juxtarenal AAA repair with the PSR method 
during this period. An aneurysm was considered juxtarenal 
if it encroached on the renal arteries, had no suitable neck 
for clamping, and required a suprarenal cross-clamping 
for proximal control. Patients with suprarenal AAA that 
required renal artery reconstruction were excluded from 
the present study. The demographic characteristics of the 
30 patients we report on are summarized in Table 1. They 
totaled 25 men and 5 women with a mean age of 75 years 
(range, 59 to 86 years). Mean aneurysmal diameter was 
57 ± 16 mm (range, 42 to 90 mm); 4 patients (13%) with 
ruptured juxtarenal AAA underwent emergent open sur-
gery. Only 1 patient (3%) was on dialysis before surgery. 
We reviewed in-hospital and midterm outcomes of the 
PSR method for juxtarenal AAA repair.

Surgical techniques
A standard midline laparotomy incision is usually made, 
and the small intestine is confined in the abdominal cavity 
with moistened towels. The left renal vein is routinely 
dissected and retracted forward to expose the renal arteries 
(Fig. 1a). The aorta is dissected above and below the renal 
arteries, which are then isolated. After administration of 
100 U/kg of heparin, suprarenal or interrenal aortic 
cross-clamping is performed horizontally with a tangential 
occlusion clamp, and the renal artery is also clamped. The 
aneurysm is opened, and the aortic neck is transected 10 
mm distal to the renal artery (Fig. 1b). It is of no concern 
if the divided aortic wall is slightly diseased. Proximal 
anastomosis includes suture of an adequate knitted Dacron 
prosthetic graft to the juxtarenal aorta in a standard, 
continuous, one-layer, end-to-end fashion (Fig. 1c). It is 
crucial in proximal anastomosis to carefully take 7 mm 
of secure suture bites in the aortic adventitia. A 3-cm 

reinforcing prosthetic sleeve is cut from the excess pros-
thesis and pulled carefully to just below the renal arteries, 
covering the suture line completely (Fig. 1d). Suture fixa-
tion of the prosthetic sleeve is not required (Fig. 1e). 
Distal reconstruction depends on the case. Although 
postoperative computed tomography scans usually reveal 
anastomotic compression by the prosthetic sleeve (Fig. 2), 
we have never found that it led to any problems.

Results

Surgical data 
Details of the surgery are shown in Table 2. Mean opera-
tive time was 226 ± 55 min (range, 130 to 340 min), and 
mean renal ischemic time was 26 ± 5.5 min (range, 18 to 
40 min). Types of repair were bifurcated graft replacement 
for 26 patients (87%), including 1 (4%) who underwent 
simultaneous surgery combining off-pump coronary 
artery bypass grafting and aortobiiliac graft replacement, 
and tube graft replacements for 4 (13%).

In-hospital outcomes
In-hospital and midterm outcomes are summarized in 
Table 3. Mean hospital length of stay was 19 ± 7 days 
(range, 8 to 36 days), and there were no mortalities, 
including 4 cases of ruptured juxtarenal AAA. Three 
patients with preoperative renal dysfunction, including 2 
with aneurysmal rupture, required temporary renal 
replacement therapy after surgery. An average preoperative 
creatinine level of the 3 was 2.8 ± 0.8 mg/dl (range, 2.2 to 
3.8 mg/dl). A 79-year-old man, who had been suffering 

Table 1.  Demographic characteristics of patients

 Patients, n %

Age (years)* 75 ± 7.6 (59-86)
Male/female 25/5
Comorbidity  
   Hypertension 29 97
   Diabetes mellitus 4 13
   Coronary artery disease ** 21/27 78
   Smoking history 25 83
   Thoracic aortic aneurysm 9 30
Aneurysmal diameter (mm) * 57 ± 16 (42-90)
Aneurysmal form  
   Fusiform 27 90
   Saccular 3 10
* Mean ± standard deviation (range).
** Unknown in 3 patients with ruptured aortic aneurysm.
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Fig. 1.  (a) The left renal vein is dissected 
and retracted forward to expose the renal 
arteries. The aortic neck is transected 1 
cm distal to the renal artery (dotted line). 
(b) The divided aortic wall is slightly 
diseased. (c) Proximal anastomosis 
includes suture of a knitted Dacron graft 
to the juxtarenal aorta in a usual manner. 
(d) A 3-cm reinforcing prosthetic sleeve is 
pulled carefully to just below the renal 
arteries. (e) The prosthetic sleeve com-
pletely covers the suture line without 
fixation.

Fig. 2.  A case of juxtarenal aortic aneurysm is shown. Postoperative 
computed tomography scans revealed mild anastomotic com-
pression by the outer prosthetic sleeve (white arrow).
LRA, left renal artery; RRA, right renal artery

Table 2.  Surgical data

 Patients, n %

Operative time (min) * 226 ± 55 (130-340)
Renal ischemic time (min) * 26 ± 5.5 (18-40)
Prosthetic graft type  
   Tube graft 4 13
   Bifurcated graft ** 26 87
Approach  
   Midline laparotomy 25 83
   Left retroperitoneal approach 5 17
* Mean ± standard deviation (range).
** Including one patient who underwent simultaneous 
surgery combining off-pump coronary artery bypass grafting 
with aortobiiliac graft replacement.

Table 3.  In-hospital and midterm outcome

 Patients, n %

In-hospital deaths 0 0
Hospital length of stay (days) * 19 ± 7 (8-36)
Complications  
   Renal failure requiring renal 3 10   replacement therapy
   Others ** 2 7
Late death *** 2 7
* Mean ± standard deviation (range).
** One is the lower limb ischemia, and the other is a ventral 
hernia.
*** Causes of death are ventricular arrhythmia and visceral 
malperfusion resulting from acute type-B aortic dissection.
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from severe atherosclerosis obliterans and underwent 
emergent tube graft replacement for a ruptured aneu-
rysm, needed reoperation for a right lower limb ischemia 
after surgery. And a ventral hernia occurred in a 76-year-
old man with ruptured juxtarenal AAA who had chronic 
pulmonary obstructive disease.

Midterm outcomes
The mean follow-up period was 24 ± 15 months (range, 2 to 
50 months), and overall survival rate was 93% (28/30). 
Ventricular arrhythmia occurred 8 months after surgery in 
a 76-year-old man who depended on dialysis after rup-
tured juxtarenal AAA repair. A 79-year-old man died of 
visceral malperfusion complicating acute type-B aortic 
dissection 32 months after surgery. Three patients who 
needed postoperative renal replacement therapy devel-
oped permanent dialysis dependence after discharge. We 
have never encountered a case of postoperative graft-
related complications, such as anastomotic pseudoaneurysm, 
graft infection, or graft-enteric fistula.

Discussion

Proximal anastomosis in common infrarenal AAA repair 
commonly includes minimum dissection of the aortic 
neck; division of the anterior aortic wall, leaving the pos-
terior wall intact; and suture of the aortic-graft anastomosis 
by the inlay technique.3) This kind of standard anastomosis 
may be technically difficult in juxtarenal AAA repair 
because of a diseased aortic wall. A fragile aortic wall 
could become a risk factor of anastomotic dehiscence; 
therefore reinforcement of the suture line is indispensable 
not only for the prevention of troublesome anastomotic 
bleeding, but also for the long-term outcome in juxtarenal 
AAA repair. Hans et al. demonstrated a method of two-
layer suturing as a secure proximal anastomosis in the 
repair of juxtarenal AAA4); however, their method is 
complicated, resulting in an increased time of renal isch-
emia. Because the duration of renal ischemia is correlated 
with postoperative renal dysfunction,1) a simpler and more 
reliable technique is required for juxtarenal AAA repair.

Juxtarenal AAA repair includes suture of the slightly 
diseased aortic wall and prosthetic graft, and many vas-
cular surgeons seem to utilize reinforcing with a felt strip. 
We adopted this reinforcement method in juxtarenal AAA 
repair 5 years ago, and we have been routinely perform-
ing the PSR method in common infrarenal AAA repair 
for approximately 20 years. We have never experienced 
postoperative anastomotic complications, even at the dis-

eased aorta, in infrarenal AAA repair, so we considered 
that the PSR method could be applied to juxtarenal AAA 
repair. Although the PSR method requires a wide dissec-
tion around the renal arteries and transection of the 
proximal aorta, it allows a standard anastomosis that 
even resident surgeons can perform, in contrast to the 
inclusion technique, which requires surgeon’s experience, 
in juxtarenal AAA repair. To our knowledge, there is no 
report comparing the PSR method with reinforcement by 
a felt strip because of the rarity of this method. We know 
that we should compare the outcome between the PSR 
group and the conventional group to show the PSR method’s 
superiority. However, we were unfortunately unable to 
find old medical records of patients with juxtarenal AAA 
who had undergone conventional repair. Therefore we 
reviewed only the details of our experience with the PSR 
method. 

This method strongly protects the proximal suture line 
from undue stress, preventing anastomotic disruption, 
even in anastomosis with a diseased aorta. In our method, 
the anastomotic line is very close to the origin of the 
renal artery. It is crucial to transect the proximal aorta, 
leaving enough aortic wall for anastomosis, even if the 
aortic wall is slightly diseased. It allows the prosthetic 
sleeve to always completely cover the proximal anasto-
mosis, and the extragraft usually exists just below the 
lower renal artery (Fig. 1e). Furthermore, we have experi-
enced neither intraoperative anastomotic bleeding nor 
postoperative graft-related complications, such as anasto-
motic pseudoaneurysm and graft-enteric fistula, after 
juxtarenal AAA repair with the PSR method. Sarac et al. 
reported 5.1% mortality rate in a total of 138 unruptured 
juxtarenal AAA repair,1) and Hallett et al. showed 9.4% 
of graft-related complications after overall AAA repair.5) 
We consider that our results, including 4 cases of ruptured 
juxtarenal AAA, are satisfactory in comparison with the 
previous reports. To evaluate the efficacy of the PSR 
method, we will soon review the long-term outcomes of 
the PSR method for common infrarenal AAA repair.

Conclusion

The PSR method enables a secure proximal anastomosis 
in a standard manner, leading to a shortening of renal 
ischemic time, in juxtarenal AAA repair. Moreover, it 
effectively prevents postoperative graft-related complica-
tions by protecting the proximal suture line from undue 
stress. We conclude that PSR could be a valuable method 
for repair of the juxtarenal AAA.
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