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Are Embolic Related Are Embolic Related 
Complications from Renal Artery Complications from Renal Artery 

Stenting A Serious Problem ?Stenting A Serious Problem ?

Immediate Procedure-Related 
Complications of Distal Emboli



Temporary Loss of Upper Branch Temporary Loss of Upper Branch 
Immediately from Embolic DebrisImmediately from Embolic Debris

F/U Angio 1 month later



Need for Embolic ProtectionNeed for Embolic Protection

Plaque Dislodged During Wire Plaque Dislodged During Wire 
AdvancementAdvancement



ASPIREASPIRE--2 Trial2 Trial

ASPIREASPIRE--2 study reported that embolic events 2 study reported that embolic events 
occurred in 6.3% of renal stenting procedures.occurred in 6.3% of renal stenting procedures.

Importantly, inImportantly, in--hospital clinicallyhospital clinically--evident evident atheroathero--
embolization occurred in only 1.4% of cases; and embolization occurred in only 1.4% of cases; and 
these were not associated with an increase in postthese were not associated with an increase in post--
stent serum stent serum creatininecreatinine values or with mortality.values or with mortality.



Are Embolic Related Are Embolic Related 
Complications from Renal Artery Complications from Renal Artery 

Stenting A Serious Problem ?Stenting A Serious Problem ?

•Immediate Procedure-Related 
Complications of Distal Emboli

••Not very commonNot very common

••New technology with 0.14” wires and stents, New technology with 0.14” wires and stents, 
lower profilelower profile



Are Embolic Related Are Embolic Related 
Complications from Renal Artery Complications from Renal Artery 

Stenting A Serious Problem ?Stenting A Serious Problem ?

Immediate Procedure-Related 
Complications of Distal Emboli

Rate of Worsening Renal Function 
and/or Hypertension following Stents



RESULTS OF RENAL STENTING RESULTS OF RENAL STENTING 
IN TREATING RAS HTNIN TREATING RAS HTN

Author Pt. No Cured Improved Stablize Failed 

Rodriguez 102 14% 59% 22% 4% 
Iannone 63 4% 35% 53% 18% 
Dorros 58 7% 52% -- 40% 
Boisclair 33 6% 61% 33% -- 
Shannon 21 29% 19% 29% 26% 
      

      
 

 



RESULTS OF RENAL STENTING RESULTS OF RENAL STENTING 
IN RAS RENAL DYSFUNCTIONIN RAS RENAL DYSFUNCTION

AUTHOR Pt No. Improved Stabilized Worsened   
Rees 263 34% 39% 27%   
Dorros 58 28% 28% 43%   
Harden 32 34% 34% 28%   
Iannone 29 36% 46% 18%   
Taylor 22 33% 29% 38%   
Shannon 21 43% 29% 29%   

 Boisclair    17   41%   35%     24% 



Embolic Protection during Embolic Protection during 
Renal Artery Stenting  Renal Artery Stenting  

ChallengesChallenges
Which System?Which System?

Filters Filters vsvs Balloon OcclusionBalloon Occlusion



Distal ProtectionDistal Protection

Henry M, et al; in press.

Debris retrieved in all patients.Debris retrieved in all patients.
Particles = 98.1 ± 60 (13 to 208).Particles = 98.1 ± 60 (13 to 208).
Size = 201 ± 76 µ (38 to 6,206 µ).Size = 201 ± 76 µ (38 to 6,206 µ).

N = 28N = 28





PercuSurgePercuSurge NightmareNightmare

Occlusion makes it difficult 
to see entire lesion to stent



PercuSurgePercuSurge NightmareNightmare

Balloon would not deflate. Had to cut off the Balloon would not deflate. Had to cut off the 
proximal tip and let the balloon deflate slowlyproximal tip and let the balloon deflate slowly

Dissection:Dissection: From stent From stent 
edge or from occluding edge or from occluding 
balloonballoon

--Restenosis 6 months Restenosis 6 months 
later later 



Renal Protection: ControversyRenal Protection: Controversy

Thomas Sos Argument: Role of cholesterol crystals 
Slip through most filters

Are occlusive devices better

Ostial location of cholesterol
Emphasize importance of careful manipulation

Probably most important part of procedure: guide manipulation around 
renal artery ostium

Risk of causing emboli by passing distal protection past the lesion to 
create 
Which is better dimension?

Diameter filter delivery system 3.5 Fr
Diameter of renal stent on 0.014” platform



Renal Protection DevicesRenal Protection Devices

OcclusiveOcclusive
PercuSurgePercuSurge
FibernetFibernet::

FiltersFilters
CordisCordis AngioguardAngioguard **--Most ExperienceMost Experience
eV3 SpidereV3 Spider
BSX EPIBSX EPI
Abbott Abbott MednovaMednova

Will it have the same occlusive problems as above plus the 
risk of becoming caught in stent struts?



Distal Protection in RASDistal Protection in RAS



63 patients
•83 arteries with atherosclerotic 

RAS
•All with CRI and deterioration 

in renal function within prior 
6 months

•All underwent PTA/Stent with 
embolic protection

•Only 3% of patients had 
inexorable deterioration in 
renal function

Kidney International 2006;70:948-955.



Embolic Protection during Embolic Protection during 
Renal Artery Stenting  Renal Artery Stenting  

ChallengesChallenges
Which System?Which System?

Filters Filters vsvs Balloon OcclusionBalloon Occlusion
Technical IssuesTechnical Issues

Ability to traverse lesionAbility to traverse lesion
Distal landing zone limitedDistal landing zone limited

early bifurcationearly bifurcation
Support provided by GuidewireSupport provided by Guidewire

90+ degree angle, as opposed to “in90+ degree angle, as opposed to “in--line” positionline” position
Spasm sourceSpasm source

Maintenance of stable guiding catheter positionMaintenance of stable guiding catheter position
Risk of snagging the filter on the stent edgeRisk of snagging the filter on the stent edge



Embolic Filter Issues:Embolic Filter Issues:

••Which Vessel do you Which Vessel do you 
protect ?protect ?



Which branch vessel needs Which branch vessel needs 
protection the most?protection the most?



Embolic Filter Issues:Embolic Filter Issues:
Can the Filter Traverse the Difficult Lesions?Can the Filter Traverse the Difficult Lesions?
Does the System Provide Enough Support ?Does the System Provide Enough Support ?



Published DataPublished Data

PercuSurgePercuSurge DataData
RESISTRESIST
CORALCORAL



5 center randomized trial5 center randomized trial
AngioGuard designed AngioGuard designed 
specifically for renal arteriesspecifically for renal arteries
Primary Endpoint: Primary Endpoint: 
Single kidney GFRSingle kidney GFR
2 x 2 design2 x 2 design
+/+/-- protectionprotection
+/+/-- reoproreopro

RESISTRESIST
Prospective, Randomized, MultiProspective, Randomized, Multi--Center Study Center Study CompaingCompaing
the Safety and Efficacy of the Safety and Efficacy of ReRenal Artery nal Artery SStenting With and tenting With and 

Without the Use of a DWithout the Use of a Dististal Protection Device and al Protection Device and 
With/Without the Use of a Platelet Aggregation With/Without the Use of a Platelet Aggregation 

InhibitorInhibitor——The TrialThe Trial

Angioguard Distal Protection
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RESIST: initial experienceRESIST: initial experience

72 year old with unilateral renal artery stenosis and Cr 2.1 mg/72 year old with unilateral renal artery stenosis and Cr 2.1 mg/dldl

C Cooper

Slide courtesy of Chris Cooper, M.D.Slide courtesy of Chris Cooper, M.D.



RESIST: initial experienceRESIST: initial experience

72 year old with unilateral renal artery stenosis and Cr 2.1 mg/72 year old with unilateral renal artery stenosis and Cr 2.1 mg/dldl

C Cooper

Slide courtesy of Chris Cooper, M.D.Slide courtesy of Chris Cooper, M.D.



RESIST ResultsRESIST Results

-- 10%10%
There was a significant There was a significant 
interaction between interaction between abciximababciximab
and embolic protection (p < and embolic protection (p < 
0.05), favoring combination 0.05), favoring combination 
treatment. treatment. 
AbciximabAbciximab reduced the reduced the 
occurrence of plateletoccurrence of platelet--rich rich 
emboli in the filters from 42% emboli in the filters from 42% 
to 7% (p < 0.01). Major to 7% (p < 0.01). Major 
bleeding occurred in 30% of bleeding occurred in 30% of 
patients, although it was not patients, although it was not 
significantly associated with significantly associated with 
abciximababciximab use.use.

--10%10%

-- 12%12%

9%9%



Randomized trial sponsored by 
NIH
1,080 patients with renal 
artery stenosis and 
refractory hypertension
85 Sites
Up to 6 years of follow
Primary Endpoint: hard  
cardiovascular and renal 
events

Inclusion CriteriaInclusion Criteria
Systolic hypertension Systolic hypertension 

≥155 mm Hg≥155 mm Hg
on ≥2 antihypertensive on ≥2 antihypertensive 
medicationmedication

≥1 renal artery stenosis ≥1 renal artery stenosis 
≥60% with a 20 mm Hg ≥60% with a 20 mm Hg 
systolic pressure gradientsystolic pressure gradient
≥80% no pressure gradient ≥80% no pressure gradient 
required.required.



InterventionIntervention
Optimal Medical Therapy (OMT)Optimal Medical Therapy (OMT)

All receive ARB (All receive ARB (CandesartanCandesartan))
LDL, BP and HbA1c to guidelineLDL, BP and HbA1c to guideline

OMT plus Stent RevascularizationOMT plus Stent Revascularization
AngioguardAngioguard embolic protectionembolic protection
Genesis balloon expandable stentGenesis balloon expandable stent



Unsung Heroes: Unsung Heroes: GuidewiresGuidewires & & 
BalloonsBalloons

Adaptation Of  0.014” 
Medium And Heavy 
Weighted Wires

Adaptation of  PTCA 
0.014” Balloon 
Catheters



Stents: Going from 0.035” to 0.014”Stents: Going from 0.035” to 0.014”



The Future for RASThe Future for RAS

Distal Protection : A Reality ?Distal Protection : A Reality ?
Technology will have to improveTechnology will have to improve

On going debate about particle size and impactOn going debate about particle size and impact
Will have to become less complexWill have to become less complex

Randomized trial: expensiveRandomized trial: expensive
Imaging Technology identifying patientsImaging Technology identifying patients



Screening with CTA: May Determine Screening with CTA: May Determine 
Which Pts Need Distal ProtectionWhich Pts Need Distal Protection

Dangerous Aorta Dangerous Lesion



ConclusionsConclusions

Technology is youngTechnology is young
First generation devices are promisingFirst generation devices are promising
Early data limited to a few single centersEarly data limited to a few single centers

Trials limited: Coral pendingTrials limited: Coral pending

Industry and practicing physicians slightly hesitant to Industry and practicing physicians slightly hesitant to 
adopt widelyadopt widely





RESIST ResultsRESIST Results

A decline in GFR was noted in patients treated A decline in GFR was noted in patients treated 
with stenting alone, stenting and embolic with stenting alone, stenting and embolic 
protection, and stenting with protection, and stenting with abciximababciximab alonealone
However, with combination therapy, there was However, with combination therapy, there was 
no decline in GFR (p < 0.01). no decline in GFR (p < 0.01). 



Increasing Role of ScreeningIncreasing Role of Screening

Role of Duplex Ultrasound of Kidneys for RASRole of Duplex Ultrasound of Kidneys for RAS
Role of CTA in Diagnosing RASRole of CTA in Diagnosing RAS

Good view of aorta and ostiumGood view of aorta and ostium
Presence of AAAPresence of AAA
Plaque morphologyPlaque morphology
Status of distal branches with Status of distal branches with atheroscerosisatheroscerosis
PrePre--intervention: size of vessel, lesion length and intervention: size of vessel, lesion length and 
landing zone for potential filterlanding zone for potential filter



RESIST ResultsRESIST Results

Better outcome was seen with Better outcome was seen with abciximababciximab compared compared 
with placebo (0  vs. with placebo (0  vs. --10%; p < 0.05), whereas use of an 10%; p < 0.05), whereas use of an 
EPD was not (EPD was not (--1 vs. 1 vs. --10%; p = 0.08). 10%; p = 0.08). 

There was a significant interaction between There was a significant interaction between abciximababciximab and and 
embolic protection (p < 0.05), favoring combination embolic protection (p < 0.05), favoring combination 
treatment. treatment. 
AbciximabAbciximab reduced the occurrence of plateletreduced the occurrence of platelet--rich emboli in rich emboli in 
the filters from 42% to 7% (p < 0.01). Major bleeding the filters from 42% to 7% (p < 0.01). Major bleeding 
occurred in 30% of patients, although it was not significantly occurred in 30% of patients, although it was not significantly 
associated with associated with abciximababciximab use. use. 



Embolic Protection and Platelet Inhibition Embolic Protection and Platelet Inhibition 
During Renal Artery StentingDuring Renal Artery Stenting

Randomized 100 patients undergoing renal Randomized 100 patients undergoing renal 
artery stenting at seven centers to an openartery stenting at seven centers to an open--label label 
EPD, EPD, AngioguardAngioguard, or double, or double--blind use of blind use of 
abciximababciximab, in a 2 x 2 factorial design. , in a 2 x 2 factorial design. 
The main endpoint was percentage change in The main endpoint was percentage change in 
glomerularglomerular filtration rate (GFR) from baseline to filtration rate (GFR) from baseline to 
1 month. 1 month. 



CTA in Diagnosing Renal Artery CTA in Diagnosing Renal Artery 
DiseaseDisease

Assess degree of renal stenosisAssess degree of renal stenosis
Location of stenosisLocation of stenosis
Lesion PathologyLesion Pathology

Calcified, ulcerative, soft plaque ?Calcified, ulcerative, soft plaque ?
Other PathologyOther Pathology

Aneurysms, FMDAneurysms, FMD

Accessory BranchesAccessory Branches
Look at aortic pathologyLook at aortic pathology



Accessory Renal BranchesAccessory Renal Branches



Role in Diagnosing RASRole in Diagnosing RAS

Occluded Upper Branch with 
disease in main left



Published Data: Individual SeriesPublished Data: Individual Series

M HenryM Henry
38/60 diseased aortas38/60 diseased aortas
EPI  and EPI  and PercusurgePercusurge
Tech success 98%Tech success 98%
PercPerc debris found in 100% with mean 190 micronsdebris found in 100% with mean 190 microns
IndicationsIndications

ElderlyElderly
BilBil renal diseaserenal disease
Single KidneySingle Kidney
DiabeticsDiabetics
Pts with bad renal functionPts with bad renal function





N=100 pts



Risk for Renal EmbolizationRisk for Renal Embolization

What is the real risk for embolization What is the real risk for embolization 
Reported incidence 2Reported incidence 2--4%4%
Deterioration of renal function post stentingDeterioration of renal function post stenting

Natural history of disease Natural history of disease vsvs contrast nephropathy contrast nephropathy vsvs
cholesterol embolizationcholesterol embolization



SERUM Cr , RENAL FUNCTIONAL 
RESERVE (GFR) AND RISK OF 

INTERVENTION



Renal Stenting with and without distal protection 
in ischaemic nephropathy: Early Experience

RENAL PROTECTION 
FUNCTION WITHOUT WITH 

% # % #
IMPROVED 46% 0 46% 11
STABLE 0 50% 12
CONTINUE 
DECLINE  75% 15 4% 1* 
ACUTE 
DECLINE 20% 4 0% 0

J VascVascSurgSurg. 38(5):962. 962--8, 2003 Nov.



Renal Protection: ControversyRenal Protection: Controversy

Angle of renal artery 90 degrees or more
Risk of filter coming back 

Causing vessel damage
into the renal stent and becoming lodged

Evidence of benefit still questionable



CORALCORAL

Changed the rules:Changed the rules:
Filter optional Filter optional 
More sites enrolledMore sites enrolled



Atheromatous Embolization

Definition: Fragmentation and embolization of 
atherosclerotic debris

Spectrum
–May be clinically inapparent, if few particles embolize
–May be devastating and malignant with multiple organ 

systems affected
–Some organs may not initially manifest the impact of the 

embolization
• i.e. Renal Failure



Independent predictors of dialysis/death
–Baseline CKD
–Baseline DM
–Baseline CHF
–Acute/subacute presentation
–GI tract involvement
•50% reduction in dialysis/death among 

patients started on Statins!

Circulation 2007;116:298-304



Primary Sources of Atheroemboli

•Ulcerated, “Shaggy” atherosclerotic aorta or peripheral 
arteries

•Aneurysms
–Aorta
–Iliac
–Femoral
–Popliteal
•Fibromuscular Dysplasia
•Embolic Material from Stenotic Arteries



Pathology of Atheroemboli

Biopsies demonstrate arterioles with external 
diameter of 55-900µm

•Cholesterol crystals
–Needle shaped in lumen or vessel wall
–Crystals incite intense inflammatory reaction
–Progress to fibrosis and obliteration of vessel 

lumen
–Eosinophils predominate



Kidney International 2006;70:948-955.



RAS and Renal FailureRAS and Renal Failure









EPI Filter for Renal ProtectionEPI Filter for Renal Protection

Courtesy of M Henry, MD









Embolization Protection inEmbolization Protection in
Renal Artery Renal Artery 
Stent Stent 
Placement: Placement: 
Anatomical Anatomical 
ConsiderationsConsiderations


