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A
therosclerotic disease is the most common etiol-
ogy of hemodynamically significant renal artery
stenosis (RAS), accounting for 80% of all cases.
This review assumes appropriate patient selec-

tion for intervention—an arena hardly supported by level-1
evidence—and important diagnostic and clinical decision-
making issues are not further considered. We limit this dis-
cussion of the role of surgical renal artery reconstruction
(RAR) to atherosclerotic renovascular disease. 

The evolution of percutaneous endovascular therapy for
atherosclerotic renovascular disease was characterized by
demonstration of the efficacy of stent revascularization.1

Coupled with the decreased morbidity and mortality of
percutaneous intervention, there has been a dramatic para-
digm shift in the treatment of renal artery stenosis.2

Because surgical RAR involves intracavitary surgical expo-
sure, often with aortic cross-clamp application, stent revas-
cularization for RAS is perhaps an ideal example of percuta-
neous endovascular treatment offering genuine and sub-
stantial decrease in morbidity and mortality—the docu-
mented favorable durability of surgical revascularization
notwithstanding.3 The authors’ practice parallels the likely
national standard (ie, stent revascularization is utilized in the
majority of cases). Yet, the attendant morbidity and mortal-
ity of surgical RAR served as a “triage” effect that limited
treatment to only the most severe cases in which the bene-
fits outweighed the risks. The results of this paradigm shift
are both an increase in referrals and an expansion of the
accepted indications for renal artery revascularization with a
concomitant increase in the number of interventions per-
formed.2 A recent report of the incidence of renal artery
revascularizations in Medicare beneficiaries revealed a pro-
gressive increase in the number of interventions performed
from 7,660 in 1996 to 18,520 in 2000.4

Such a rapid increase in renal artery interventions is not
necessarily beneficial to patients, and interventions for most
patients are not “evidenced-based,” related to a genuine
dearth of level-1 evidence. Indeed, a recent meta-analysis,

sponsored by the Agency for Healthcare Research Quality,
demonstrated a lack of definitive, robust evidence to sup-
port either medical therapy alone, angioplasty (with or
without stenting), or surgical revascularization for the treat-
ment of atherosclerotic RAS.5 However, experienced clini-
cians recognize that the lack of level-1 evidence should not
equal therapeutic nihilism. Atherosclerotic renovascular dis-
ease is being diagnosed in an increasing percentage of
patients at the inception of dialysis,6 and favorable, even
dramatic results, such as rescue from dialysis dependence,
have been achieved in a variety of clinical circumstances;7-10

the reader is referred to summary reviews that address com-
ponents of clinical decision-making in atherosclerotic
RAS.11,12 The currently enrolling Cardiovascular Outcomes
in Renal Atherosclerotic Lesions (CORAL) trial, sponsored
by the National Institutes of Health, will compare angioplas-
ty and stenting with aggressive medical therapy and may
provide much-needed data on the optimal management of
RAS; however, the results will not be available until 2010.13

COMPARING SURGICAL AND 
ENDOVASCULAR TREATMENT

With respect to surgical RAR, Cherr, in summarizing the
benchmark Wake-Forest experience, reported a study of
500 hypertensive patients with atherosclerotic RAS who
underwent surgical renal artery revascularization.7 Peri-
operative morbidity and mortality were 16% and 4.6%,
respectively. The experience revealed that 12% of patients
were cured of their hypertension, 73% showed clinically rele-
vant improvement, and 15% were unchanged. With respect
to renal function, 43% exhibited improved function
(defined as an increase in their estimated glomerular filtra-
tion rate ≥20%), 47% demonstrated unchanged function,
and 10% developed worse function. Surveillance duplex
examination demonstrated restenosis in 3.9% of patients.
During the follow-up period (mean, 54 months), 16.8% of
patients became dialysis dependent. 

At the Massachusetts General Hospital, over the period
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from January 1980 to March 2001, two independent reviews
were performed involving 235 patients who underwent sur-
gical revascularization of atherosclerotic RAS specifically for
renal functional salvage.8,9 All patients had hemodynamically
significant RAS (≥75%), and 60% underwent revasculariza-
tion of either their sole functioning kidney or both kidneys. 

Major morbidity was largely cardiac in origin and
accounted for the majority of perioperative deaths. Overall,
perioperative mortality was 6.3% (2% after 1990). During
the mean follow-up period of 4.3 years (functional out-
comes are only relevant with such adequate follow-up), 8%
were cured of their hypertension, and 71% exhibited clinical-
ly relevant improvement. In terms of renal function, 76% of
patients had either improved or stable renal function, and
24% developed worsened function (60% of whom became
dialysis dependent). With respect to the durability of surgi-
cal RAR, we previously reported that the actuarial graft
patency at 5 years was 91% for aortorenal bypass grafts and
85% for extra-anatomic bypass grafts.3

The only prospective, randomized study to date com-
paring endovascular and surgical reconstruction for ather-
osclerotic RAS was reported by Weibull in 1993.14 Fifty-
eight patients with unilateral RAS and poorly controlled
hypertension were randomized to either angioplasty alone
or surgical reconstruction of the renal artery. The technical
success rate was 97% for surgery and 87% for angioplasty.
Primary and secondary patency rates at 24 months were
96% and 97% in the surgical cohort and 75% and 90% in
the angioplasty group. Blood pressure was either cured or
improved in 86% of the surgical patients and 90% of the
angioplasty patients (four of whom crossed over to surgi-
cal reconstruction). 

In considering the outcomes of percutaneous endovas-
cular treatment of RAS, early studies, including Weibull’s
report, involved angioplasty alone. Many subsequent stud-
ies have documented the advantage of angioplasty with
stenting over angioplasty alone. In a meta-analysis of 14
studies involving 678 patients, Leertouwer reported both a
higher technical success rate (98% vs 77%) and a lower
restenosis rate (17% vs 26%) with renal artery stent place-
ment as compared to angioplasty alone.15 More recent
studies of renal artery angioplasty and stenting demon-
strate an overall immediate technical success rate of 98%
with a morbidity of 2.7% and a mortality of 1.7%.16-20 In
terms of hypertension control, Tuttle reported that 2% of
patients were cured, 46% demonstrated improvement, and
52% showed no response.16 In the 57% of patients who had
preoperative renal dysfunction, 16% improved postopera-
tively, 75% had no change in renal function, and 9%
showed deterioration. The restenosis rate was 14%. These
results were mirrored in the study reported by Rodriguez-
Lopez, who studied 108 patients undergoing renal angio-

plasty and adjuvant stenting and documented a 74% pri-
mary and 85% secondary patency rate.20 Blood pressure
response included 11% cured, 55% improved, 27%
unchanged, and 5% worsened. There was no change in
renal function in this study. In a study of 300 patients who
underwent 363 stent procedures in 358 arteries, Lederman
documented complete cure of hypertension in 0.7%,
improvement in 70%, and worsening in 27%.21 In the 37%
of patients who had preoperative renal dysfunction, 7.5%
demonstrated improvement, 78% remained stable, and
14% deteriorated postoperatively. 

A summary of the available literature indicates that surgi-
cal revascularization provided a favorable response to
hypertension, including an 11% cure of hypertension and a
72% improvement in blood pressure control. Renal func-
tion improved in 42% of patients, remained stable in an
additional 47%, and worsened in 15%. Therefore, 89% of
patients experienced either an improvement or stabiliza-
tion of their renal function after surgical RAR. Angioplasty
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TABLE 1.  OPTIONS FOR SURGICAL 
RENAL ARTERY RECONSTRUCTION
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and stenting (either primary or adjuvant) provided a 3.5%
cure of hypertension and a 62% improvement in blood
pressure control—clearly inferior to the response to that
obtained with surgical RAR. In terms of renal function,
angioplasty and stenting resulted in an improvement in 8%
and stabilization in 81%, with 10% exhibiting a deteriora-
tion of function. Overall, 90% of patients experienced either
an improvement or stabilization of renal function, similar
to surgical RAR. Surgery had a higher morbidity (16% vs
2.7%) and mortality (5% vs 1.7%), but was more durable
than angioplasty and stenting with a lower restenosis rate
(3.9% vs 15% to 30%). 

OPTIONS FOR SURGICAL 
RENAL ARTERY RECONSTRUCTION

A multitude of technical options are available in con-
sideration of surgical RAR. As displayed in Table 1, these can
be anatomically divided into anatomic versus extra-anatom-
ic bypass grafts, endarterectomy, and/or re-implantation.
Important clinical variables, such as patient age/comorbidity
considerations, anatomic variables of the renovascular
lesions/renal arteries themselves, and aortic anatomy/pathol-
ogy, contribute to the choice of a particular surgical revascu-
larization strategy. A significant, additional consideration is
whether concomitant aortic pathology either necessitates,

or makes highly desirable, graft replacement of the aorta.
Such combined aortorenal reconstructions constitute 30%
to 40% of representative surgical series.3,7-10 

Combined aortic and RAR is generally necessary only
when the aortic pathology—on its own merits—requires
treatment. Literature exists suggesting such an operation
has increased morbidity and mortality when compared to
either isolated aortic grafting or isolated renovascular
repair.22-24 We documented that the coronary risk profile
of patients with combined operation was considerably
more severe than of patients with isolated aortic opera-
tion; an overall 2% mortality has attended combined oper-
ation since 1990.25

In terms of durability considerations, there was a tradi-
tional bias in favor of anatomic aortorenal bypass,7 although
we and others have documented that extra-anatomic
bypasses provide equivalent anatomic/functional results
while considerably diminishing the overall surgical insult.3,26

Transaortic endarterectomy (as opposed to bypass grafting)
experienced a “rebirth” as a RAR technique and is particular-
ly suited to bilateral simultaneous revascularization and/or
treatment of multiple renal arteries.10,25,27 This procedure
does, however, require a fairly extensive aortic dissection and
cross-clamp application. 

WHO M AY BENEFIT FROM 
OPEN SURGICAL RECONSTRUCTION?

Despite possibly greater functional results, at least
with respect to hypertension control, and the docu-
mented superior durability of surgical RAR compared to
stenting for RAS, most practitioners, including vascular
surgeons, accept the tenet that the higher morbidity and
mortality of surgical RAR favors stenting as the primary
treatment modality for most patients with atheroscle-
rotic RAS. Yet, our contention is that there is a subset of
patients with atherosclerotic RAS who will derive more
benefit from primary, open surgical RAR as opposed to
angioplasty and stenting. 

An unfortunate consequence of the paradigm shift to
renal stent revascularization is that many practitioners
(including some surgeons) have little appreciation of the
nuances, clinical utility, and/or the results of surgical
RAR. Furthermore, appropriate selection and referral of
these patients is important as surgical RAR after failed
stenting has been documented to at least complicate
repair when compared to primary operation.28 Impor-
tant patient-specific and procedural considerations (ie,
renovascular/aortic anatomic and procedural durability),
when factored into the development of an intervention-
al strategy, favor surgical RAR as opposed to stent revas-
cularization as the primary treatment modality for ath-
erosclerotic RAS.

Anatomic Factors
• Early branching of the main renal artery
• Dual renal arteries arising from the aorta 

in close proximity
• Multiple small renal arteries

Lesion Characteristics
• Length

– Long, complicated lesion
• Location

– Ostial versus middle or distal segment lesions
– Lesion extending into a major branch

• Nature
– Severe circumferential calcification
– Recurrent lesions

– Disease progression after 
previous intervention

– In-stent stenosis

Associated Renal Artery and Aortic Pathology
• Aneurysmal degeneration of the renal artery
• Pararenal aneurysmal degeneration of the aorta 
• Significant atherosclerotic disease of the 

pararenal aorta

TABLE 2. RENOVASCULAR FACTORS THAT 
COMPLICATE OR PRECLUDE PERCUTANEOUS

RENAL ARTERY REVASCULARIZATION



RENOVA SCUL AR ANATOMIC 
CONSIDER ATIONS

Several considerations of renovascular and/or aortic
anatomy/pathology represent clinical situations in which
open reconstruction is preferred over percutaneous
endovascular intervention. As detailed in Table 2, these
include anatomic variations within the renovascular system
such as early branching of the main renal artery, dual renal
arteries whose origins arise in close proximity to each other,
and multiple small renal arteries. In particular, the anatomic
situation of early branching of the main renal artery, in
which ostial stenting either threatens a major branch or
necessitates stenting up to the branch point is a contraindi-
cation to percutaneous treatment, assuming the patient is
otherwise a reasonable surgical candidate. Characteristics of
the renal artery lesion itself, such as length, location, and
nature (ie, severe concentric calcification or recurrent
lesions such as disease progression after a previous inter-
vention or in-stent stenosis) also influence a potential surgi-
cal interventional strategy. 

Associated renal artery pathology, such as macroa-
neurysm of either the renal artery origin or the renal artery
proper, renders a percutaneous approach hazardous, at
best, and should prompt consideration for surgical RAR.
With the continued development of low-profile, .018- and
.014-inch-based systems, some of these renovascular
anatomic challenges may be overcome, but the restenosis
rate of 14% to 30% for percutaneous intervention, com-
bined with the technical difficulty of secondary surgical
intervention in these situations, indicates that endovascular
intervention is not the appropriate initial therapy in other-
wise suitable surgical candidates. Although recent studies
of angioplasty and stenting report technical success rates
>95%, these anatomic considerations are largely ignored in
the current literature. 

AORTIC ANATOMIC CONSIDER ATIONS
Because the majority of atherosclerotic renal artery

stenoses are aortic “spillover” disease, extensive aortic
degenerative and/or aneurysm disease is commonplace in
potential candidates for renovascular intervention. In our
previous experience with surgical RAR, at least one-third of
RAR patients (who had independent indications for reno-
vascular intervention) were initially referred for potential
treatment of aortic disease.3,8 Irrespective of significant aor-
tic disease, aortic replacement is indicated only if independ-
ent, legitimate criteria to do so exist; to wit, it is a rare cir-
cumstance wherein graft replacement of the aorta is needed
simply to originate an aortorenal bypass graft. 

Although definitive data do not exist to support our con-
tention that extensive pararenal atherosclerotic disease
increases the risk of cholesterol embolization with catheter-

based therapies, it is clear that this thankfully uncommon
complication is potentially devastating. Many patients with
RAS will have antecedent axial imaging studies detailing
such pararenal aortic disease, and consideration of surgical
revascularization is appropriate therein. The position that
distal protection devices will positively impact the risk of
cholesterol embolization seems illogical given that aortic
catheter manipulation is likely responsible for embolization,
and ostial renal artery stenosis, being aortic wall plaque, is a
totally different “entity” from carotid bifurcation disease. 

In consideration of abdominal aortic aneurysms (AAAs)
wherein repair is indicated, an important discriminant in the
renovascular intervention is the feasibility of stent graft
repair. In 2005, 70% of infrarenal AAAs at our institution
were treated with stent graft repair. In our practice, con-
comitant hemodynamically significant renovascular lesions
in patients undergoing aortic stent graft repair for AAA are
treated with stenting (irrespective of functional signifi-
cance), as plaque shifts with stent graft deployment can pre-
cipitate renal artery occlusion. 

When stent graft repair is not anatomically feasible (ie,
open AAA repair required) concomitant renovascular lesions,
wherein repair is indicated, are repaired simultaneously with
one of the options detailed in Table 1. Specifically, hemody-
namically significant RAS in juxtarenal or thoracoabdominal
aneurysms with involvement of the visceral segment and sig-
nificant aortic debris that poses an increased risk of choles-
terol embolization are treated with combined RAR and
aneurysm repair. An antecedent renal artery stent in such cir-
cumstances—sometimes recommended to “decrease the
overall scope” of open operation—is both illogical and ill-
advised. Such patients generally require surgical manipulation
and/or clamping of the juxtarenal aorta, and stents can be
crushed or otherwise dislodged. We have had the opportuni-
ty to remove stents in such circumstances. In addition,
catheter manipulations in such a diseased aorta can precipi-
tate disastrous cholesterol emboli syndrome. 

Finally, in the circumstance of juxtarenal aortic occlusion
secondary to aortoiliac occlusive disease, these patients
often have layering thrombus immediately adjacent to
and/or partially in the renal artery ostia, making catheter
manipulations unwise; combined aortic and renal artery
operation is indicated in such patients. 

Illustrative of the situation wherein aortic anatomy treat-
ment drives the renovascular intervention is the case of a
66-year-old woman referred for treatment of a type 2 thora-
coabdominal aortic aneurysm; her clinical presentation was
malignant hypertension, renal insufficiency, and bilateral
RAS. The patient’s aneurysm was discovered when she pre-
sented to her ophthalmologist with blurred vision and was
noted on examination to have florid papilledema and blood
pressure of 280/140. 
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She was admitted to a local hospital where clinical work-
up demonstrated renal insufficiency with a serum creatinine
concentration of 2 mg/dL, bilateral RAS, and a large thora-
coabdominal aneurysm. She underwent unsuccessful renal

artery angioplasty, despite the renal arteries being in the
midst of a diseased, aneurysmal aorta (Figure 1); she was
then stabilized on an aggressive medical regimen of antihy-
pertensive medications and was referred for definitive treat-
ment. We performed CT angiography as part of her preop-
erative evaluation (Figure 2A, B), which demonstrated a 
7.9-cm, type 2 thoracoabdominal aneurysm, multiple pen-
etrating ulcers in the descending thoracic aorta, and a possi-
ble contained rupture in the infrarenal abdominal aorta.
The CT angiography also demonstrated significant bilateral
RAS. She subsequently underwent open repair of her thora-
coabdominal aneurysm, endarterectomy of her right renal
artery, and aortorenal bypass of her left renal artery. 

Her postoperative course was uncomplicated. At the
time of discharge, she had much improved blood pressure
control on a modest medical regimen and stable renal func-
tion (creatinine concentration, 1.8 mg/dL). 

PROCEDUR AL DUR ABILITY 
CONSIDER ATIONS

A final consideration for primary surgical reconstruc-
tion involves the issue of the durability of renovascular
repair, particularly in young, low-risk patients. As
reviewed herein, the long-term durability of angioplasty
and stenting is inferior to surgical RAR. From the sur-
geon’s perspective, this is intuitively logical as such rela-
tively large-bore, high-flow reconstructions have generally
favorable long-term function. Although it is certainly
true that our preference is stent revascularization in the
“typical” older patient with diffuse, atherosclerotic car-
diovascular disease, a subset of patients with RAS are

Figure 1. Aortogram demonstrating bilateral RAS within the

midst of a thoracoabdominal aneurysm. Attempted left renal

artery angioplasty was both unsuccessful and ill-conceived.

Figure 3. Three-dimensional reconstruction of CT angiogram

depicting four patent aortorenal vein bypass grafts to dupli-

cate bilateral renal arteries. Note the stent artifact in the ori-

gins of the four native renal arteries.

Figure 2. Three-dimensional reconstruc-

tion of CT angiogram demonstrating a

type 2 thoracoabdominal aneurysm

and bilateral RAS. Note the extensive

aneurysmal degeneration and mural

thrombus of the pararenal aorta (A).

Axial slice of CT angiogram demonstrat-

ing bilateral RAS in the midst of a thoracoabdominal

aneurysm with significant intraluminal debris (B).

A B



younger without associated CAD. A recently managed
case is illustrative of this point. A 36-year-old man was
referred to us for treatment of complications of renal
artery angioplasty and stenting. He originally presented
to an outside institution with renal insufficiency and
malignant hypertension. He had a history of tobacco
abuse, hyperlipidemia, and a strong family history of
both coronary artery and peripheral vascular disease. 

Work-up demonstrated malignant hypertension and
duplicate left and right renal arteries with severe ostial
stenosis of all four arteries. He underwent successful angio-
plasty and stenting of all four arteries with an excellent
angiographic result and normalization of both his blood
pressure and renal function (at age 34). Within a few
months of the initial procedure, he developed in-stent
stenosis of the left superior renal artery and underwent
repeat angioplasty and stenting of this stenosis with an
excellent result. 

However, 2 years after his initial procedure, he presented
with progressive onset of severe hypertension associated
with renal insufficiency (creatinine concentration, 3.5
mg/dL), and angiography showed proximal, in-stent occlu-
sions of the right and left superior renal arteries, a 70% in-
stent stenosis of the right inferior renal artery, and a 90%
in-stent stenosis of the left inferior renal artery. The patient
was then referred for RAR and underwent uncomplicated
aortorenal bypass with greater saphenous vein to all four
renal arteries (Figure 3). Postoperatively, his creatinine con-
centration improved from 3.5 to 1.5 mg/dL with signifi-
cant improvement in control of his blood pressure. 

CONCLUSION
Although we ascribe to the generally prevailing prac-

tice that stent revascularization is the preferred treat-
ment for the vast majority of renovascular disease
patients, consideration of surgical revascularization is
appropriate in a variety of anatomic and clinical circum-
stances as reviewed herein. A brief survey of our vascu-
lar/endovascular service data indicates that during the
interval of January 1, 2002 to December 31, 2006, a total
of 241 stents versus just 48 surgical RARs were per-
formed. With appropriate cardiac risk stratification and
contemporary surgical care, operative mortality for
abdominal aortic surgery on our service is in the 1.5%
range. “Bail-out” surgery after repetitive endovascular
interventions is both more technically difficult and,
because most failures of surgical RAR are technical in
nature, some compromise of anatomic results—com-
pared to primary RAR—can be anticipated.28 ■
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