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The Association Between Renal Atherosclerotic Plaque Characteristics and
Renal Function Before and After Renal Artery Intervention
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OBJECTIVE: To evaluate the effect of plaque composition on renal
function after renal artery intervention (RAI).

PATIENTS AND METHODS: In 33 consecutive patients with ath-
erosclerotic renal artery stenosis (enrolled between January 1,
2007, and April 30, 2009), renal angiography, pressure gradi-
ents across the lesion, and intravascular ultrasonography (IVUS)
with virtual histology (VH)-derived plaque characteristics were
assessed. In 25 patients who underwent RAI, estimated glo-
merular filtration rate (eGFR) was evaluated at baseline and at
3 months.

RESULTS: Mean pressure gradients across the lesion were poorly
associated with baseline eGFR (r=-0.37; P=.07). In gray scale
IVUS data, only remodeling index was significantly correlated
with baseline eGFR (r=-0.38; P=.03). Plaque components clas-
sified by VH-IVUS had no correlation with baseline eGFR. During
follow-up of 25 patients, the improvement in eGFR after RAl was
observed in 9 patients, unchanged in 3, and deteriorated in 13.
Overall, follow-up eGFR (median, 49.0 mL/min/1.73 m?; inter-
quartile range [IQR], 40.6-63.9 mL/min/1.73 m?) was unchanged
compared with baseline eGFR (median, 53.8 mL/min/1.73 m?
IQR, 41.4-63.4 mL/min/1.73 m? P=.38). The percent change in
eGFR (median, -0.2%; IQR, -16.0% to 16.0%) after RAl had a
significant negative correlation with the mean percentage of ne-
crotic core classified by VH-IVUS (r=-0.47; P=.02), and the mean
percentage of necrotic core was significantly larger in patients
with deterioration of eGFR than in patients without deterioration
of eGFR (median, 12.7%; IQR, 9.5%-19.5%; vs median, 8.3%; IQR,
5.5%-11.6%; P=.04).

CONCLUSION: In patients with atherosclerotic renal artery steno-
sis, the change in eGFR after RAI was related to plaque composi-
tion classified by VH-IVUS. The evaluation of plaque composition
may provide more insights into the change in renal function after
RAL.
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BP = blood pressure; CSA = cross-sectional area; eGFR = estimated
glomerular filtration rate; FMD = fibromuscular dysplasia; IVUS = intra-
vascular ultrasonography; IQR = interquartile range; Pa = abdominal
aorta pressure; Pd = distal renal artery pressure; RAI = renal artery
intervention; RAS = renal artery stenosis; VH = virtual histology

Renal artery intervention (RAI) is widely performed for
atherosclerotic renal artery stenosis (RAS).! However,
in a significant proportion of patients, renal function may
deteriorate after RAI, and recent studies have demonstrated
no significant difference in improvement of renal function
between RAI with medical therapy and medical therapy
alone.>? Kennedy et al* suggested that restoration of renal
function after RAI might be associated with improvement
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in long-term survival. Therefore, if there are predictors of
deterioration in renal function after RAI, recent results af-
ter RAI may be improved.

Previous studies have reported that renal angiography
may overestimate the actual stenosis severity® and that hy-
peremic systolic gradient across the lesion using a pres-
sure guidewire may be useful in predicting blood pressure
(BP) improvement after RAL® Moreover, intravascular
ultrasonography (IVUS) with virtual histology (VH) has
enabled tissue characterization of atherosclerotic plaque,’®
and the plaque composition in coronary plaques detected by
VH-IVUS was associated with impairment of the coronary
microcirculation after coronary intervention.”!° Therefore,
plaque composition of RAS may be associated with the
change in renal function after RAI. The current study is an
extension of our previous study,'' and we investigated the
association between lesion characteristics and the change
in renal function after RAL

PATIENTS AND METHODS

The study consisted of 33 consecutive patients who un-
derwent renal angiography and VH-IVUS because of
insufficiently controlled hypertension (systolic BP >140
mm Hg or diastolic BP >90 mm Hg while taking >2 an-
tihypertensive drugs) and/or impaired renal function or
a history of acute pulmonary edema, who were enrolled
between January 1, 2007, and April 30, 2009. Patients
with in-stent restenosis, total occlusion, and fibromuscu-
lar dysplasia (FMD) were excluded from this study. This
retrospective study was approved by the Mayo Clinic In-
stitutional Review Board.
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FIGURE 1. Intravascular ultrasonograms of atherosclerotic renal artery stenosis. Renal angiography revealed ostial
renal artery stenosis (A). Images of the cross-sectional areas (CSAs) of the external elastic membrane (EEM) and
the lumen are shown at the minimum lumen site (B) and the distal reference site (C). Each plaque component at the
minimum lumen site is classified by intravascular ultrasonography with virtual histology: fibrous tissue (green), fibrofatty
tissue (light green), necrotic core (red), and dense calcium (white) (D).

ReNAL ARTERY ANGIOGRAPHY AND PRESSURE IVIEASUREMENTS

Selective renal artery angiography was performed, and an-
giographic stenosis was quantified with an automated edge
detection method. All patients received intravenous hepa-
rin, 5000 U, and aspirin, 325 mg, before the procedure. Af-
ter renal angiography, the pressure measurement across the
lesion was performed using a 0.014-in pressure guidewire
(Radi Medical Systems, Uppsala, Sweden) with an angio-
graphic diameter stenosis greater than 30%. The pressure
wire was advanced into the distal portion of the main renal
artery beyond the lesion, and distal renal artery pressure
(Pd) was measured using the pressure wire. Simultane-
ously, abdominal aorta pressure (Pa) was obtained through
a OF guiding catheter. The pressure gradient (Pa-Pd) and
pressure ratio (Pd/Pa) were calculated in systolic and mean
pressures. Pressure data from 26 patients were used for
data analysis. Patients with a serum creatinine level greater
than 2.0 mg/dL (to convert to micromoles per liter, multi-
ply by 88.4) or greater than 1.2 mg/dL with diabetes mel-
litus underwent intravenous hydration with normal saline
and received acetylcysteine before the procedures, and the
same administration was also performed at the physician’s
discretion in some other patients. A nonionic iso-osmolar
contrast media (iodixanol) was used during procedures.

Procepures AND ANALYsIS oF IVUS ImaGes

The IVUS study was performed using a 20-MHz, 2.9F
imaging catheter (Volcano Therapeutics, Rancho Cor-
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dova, CA) as previously described.!! The IVUS catheter
was advanced into the distal, normal-looking portion of
the renal artery beyond the lesion. IVUS imaging was per-
formed using slow manual pullback, and VH-IVUS data
were obtained by a dedicated VH-IVUS console (Volcano
Therapeutics) and were recorded on a DVD-R for offline
analysis.!! After IVUS imaging, RAI was performed using
a standard technique. Because this study is retrospective, a
strict indication for RAI was lacking. Therefore, RAI was
performed on the basis of the operator’s judgment. Stent
size was determined according to media-to-media diameter
measured by IVUS at the distal, normal-looking segment,
and prestenting or poststenting dilation was also performed
on the basis of the operator’s decision.

Cross-sectional images were quantified at the lesion as
follows: cross-sectional area (CSA) of the external elastic
membrane, CSA of the lumen, and CSA of the plaque and
media (Figure 1). The percentage of plaque burden was de-
fined as the CSA of the plaque and media divided by the
CSA of the external elastic membrane times 100. The refer-
ence site was the most normal-looking segment in the dis-
tal main renal artery (Figure 1)'"!? because atherosclerotic
RAS is typically observed at the ostium or the proximal
portion of the main renal artery.! A remodeling index was
calculated as the CSA of the external elastic membrane at
the minimum lumen site divided by the CSA of the exter-
nal elastic membrane at the reference site. These analyses
were performed by 2 experienced operators (T.T., T.K.)
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who were unaware of clinical results. Both interobserver
and intraobserver variability of IVUS data were previously
described.! The VH-IVUS analysis was performed at each
frame in the lesion. Each frame was classified following 4
components: fibrous tissue, fibrofatty tissue, necrotic core,
and dense calcium (Figure 1).78!" The reproducibility of
plaque components classified by VH-IVUS was previously
reported.'>* The VH-IVUS data were reported as a per-
centage of each component of the total plaque. The mean
percentage of the entire lesion was used for the comparison
with renal function.

AssessMmENTs oF RENAL FuncTtion anp BP

Blood samples were drawn before renal angiography, and
the serum creatinine concentration was measured. The
serum creatinine levels were used to calculate the esti-
mated glomerular filtration rate (¢GFR). The eGFR was
calculated using the isotope dilution mass spectrometry—
traceable Modification of Diet in Renal Disease Study
equation®: 175 x (Creatinine) 1> x (Age) 2 x (0.742
if Female) x (1.212 if African American). Three months
after the RAI, the blood test result was reassessed and the
eGFR calculated. The blood tests at baseline and follow-
up were performed at our institution. In addition, percent
change in eGFR ([eGFR at 3 months — eGFR at baseline]/
eGFR at baseline x 100) was calculated. An automated
oscillometric device was used to measure the BP on the
upper arm of the patient while he or she was in the sit-
ting position. An average of at least 2 measurements was
used for the analysis. The percent change in BP ([BP at
3 months — BP at baseline]/BP at baseline x 100) was
calculated as well.

STATISTICAL ANALYSES

Continuous variables are expressed as median and inter-
quartile range (IQR), and categorical values as percent-
ages. In patients with bilateral lesions, pressure gradient
and IVUS data from the lesion with smaller minimum
lumen CSA detected by IVUS were selected for the as-
sessment of the association among parameters. All pres-
sure gradient and several IVUS data were not normally
distributed. Therefore, the Spearman rank correlation test
was applied to investigate the association. In 28 (85%) of
33 patients, RAI was performed, and the serum creati-
nine level at 3 months was available in 25 of 28 patients
who had undergone RAI. Furthermore, BP at 3 months
was available in 23 (92%) of 25 patients. The Wilcoxon
signed rank test was conducted to evaluate the changes
in BP (n=23) and eGFR (n=25). Statistical analysis was
performed with JMP statistical software, version 7.0
(SAS Institute Inc, Cary, NC). P <.05 was considered
significant.
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TABLE 1. Baseline Characteristics of the 33 Study Patients®

Characteristics Finding

Age, mean (range) (y) 73 (66-79)
Male/female, No. 15/18
Body mass index 28.6 (24.8-32.8)

Heart rate, beats/min 60 (56-69)
Systolic blood pressure, mm Hg 150 (140-163)
Diastolic blood pressure, mm Hg 68 (57-74)
Mean blood pressure, mm Hg 95 (88-101)
Risk factors, No. (%)
Hypertension 33 (100)
Hyperlipidemia 32.(97)
Diabetes mellitus 11 (33)
Current smoking 9 (27)
Statin use 31(94)
Antihypertensive drug use, No. (%)
ACEI/ARBs 28 (85)
B-Blockers 28 (85)
Calcium antagonists 19 (58)
Diuretics 21 (64)
No. of antihypertensive drugs 3.0 (2.0-3.5)

Blood examination results

Hemoglobin, g/dL" 12,5 (11.5-13.7)

Creatinine, mg/dL" 1.1 (0.9-1.4)
eGFR, mL/min/1.73 m? 56.4 (44.2-64.8)
Blood urea nitrogen, mg/dLb 22 (17-25)
LDL-C, mg/dL? 87 (76-130)
HDL-C, mg/dL" 46 (41-58)
Triglycerides, mg/dL° 146 (103-175)
Angiographic stenosis, % 70 (60-85)

* Values are presented as median (interquartile range) unless otherwise
indicated. ACEI = angiotensin-converting enzyme inhibitor; ARB = an-
giotensin receptor blocker; eGFR = estimated glomerular filtration rate;
HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density
lipoprotein cholesterol.

® S1 conversion factors: To convert hemoglobin values to g/L, multiply by
10; to convert serum creatinine values to umol/L, multiply by 88.4; to
convert blood urea nitrogen values to mol/L, multiply by 0.357; to con-
vert LDL-C values to mmol/L, multiply by 0.02586; to convert HDL-C
values to mmol/L, multiply by 0.02586; to convert triglycerides values
to mmol/L, multiply by 0.0112.

RESULTS

PATIENT CHARACTERISTICS AND CLINICAL RESULTS

The demographics of the patients are summarized in Table
1. Sixteen patients had bilateral renal artery stenoses, and
the remaining 17 patients had unilateral stenosis. Base-
line eGFR and systolic BP were 56.4 mL/min/1.73 m?
(IQR, 44.2-64.8 mL/min/1.73 m?) and 150 mm Hg (IQR,
140-163mm Hg), respectively. The RAI was performed
on the basis of the operator’s decision in 28 (85%) of 33
patients, and 8 patients underwent RAI on both renal
artery lesions. We performed RAI in 36 renal arteries.
Of all the lesions that underwent RAI, more than 60%
had angiographic stenosis. A bare metal stent was im-
planted without complications, and no lesions had resid-
ual stenosis greater than 30% after implantation of stents
in all patients.
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TABLE 2. Correlation Between Percent Change in eGFR and Pressure Parameters
Across the Lesion or IVUS Parameters?®

Median (IQR) Coefficient” P value”
Pressure parameters
Systolic pressure gradient, mm Hg 11 (6-40) -0.19 42
Systolic pressure ratio 0.93 (0.72-0.93) 0.11 .65
Mean pressure gradient, mm Hg 4(1-14) 0.01 97
Mean pressure ratio 0.96 (0.86-0.99) 0.09 73
Gray scale IVUS
Minimum lumen CSA, mm? 7.2 (4.1-8.6) -0.08 .69
External elastic membrane CSA, mm? 37.1 (27.2-41.8) 0.12 .56
Plaque and media CSA, mm? 30.7 (21.1-35.7) 0.13 53
Plaque burden, % 81.9 (75.9-85.5) 0.14 51
Remodeling index 1.20 (1.10-1.36) 0.22 .30
VH components
Mean fibrous tissue, % 60.8 (53.4-66.8) 0.25 23
Mean fibrofatty tissue, % 23.7 (15.1-33.6) 0.19 37
Mean necrotic core, % 10.6 (7.8-14.6) -0.47 .02
Mean dense calcium, % 3.1(1.2-6.6) -0.39 .05

# CSA = cross-sectional area; eGFR = estimated glomerular filtration rate; IQR = interquartile
range; IVUS = intravascular ultrasonography; VH = virtual histology.

b Spearman rank correlation test was used.

AssociaTioN BETween VH-IVUS FinbiNgs OR PRESSURE
GRADIENTS AND BAsELINE RENAL FuncTiON

The minimum CSA of the lumen had a significant nega-
tive correlation with baseline mean BP (r=-0.37, P=.03)
but not with baseline eGFR. Only remodeling index had a
negative correlation with baseline eGFR (r=—0.38, P=.03).
A total of 367 frames (11+1 frames per lesion) were classi-
fied by VH-IVUS, but no significant association was found
between any plaque component and baseline eGFR. Sys-
tolic pressure gradient (Pa-Pd) (median, 8.5 mm Hg; IQR,
4.8-39.0 mm Hg) and ratio (Pd/Pa) (median, 0.93; IQR,
0.77-0.97) were not correlated with baseline eGFR. How-
ever, mean pressure gradient (median, 3.0 mm Hg; IQR,
1.0-9.5 mm Hg) and ratio (median, 0.96; IQR, 0.88-0.98)
had a poor association with baseline eGFR (r=—0.37,
P=.07; and =0.37, P=.07; respectively).

CHaNgEs IN REnaL FuncTion ano BP

Three-month follow-up data were available in 25 of 28
patients who had undergone RAI. Six of 11 patients with
bilateral stenoses underwent RAI on both lesions. All 25
patients were undergoing statin treatment, and the median
number of antihypertensive drugs was 3.0 (IQR, 2.0-4.0)
at the end of follow-up. In only 2 patients the number of
antihypertensive drugs was changed after RAI. Improve-
ment in eGFR after RAI was observed in only 9 patients.
Overall, follow-up eGFR (median, 49.0 mL/min/1.73 m?
IQR, 40.6-63.9 mL/min/1.73 m?) was not significantly
different than baseline eGFR (median, 53.8 mL/min/1.73
m?; IQR, 41.4-63.4 mL/min/1.73 m? P=.38), and percent
change in eGFR (median, —0.2%; IQR, —16.0% to 16.0%)
had a significant correlation with baseline creatinine and
eGFR (=0.57, P=.003; and r=-0.53, P=.006; respective-
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ly). Other baseline parameters, including BP, routine blood
tests, and angiographic stenosis, were not correlated with
percent change in eGFR. Gray scale VH-IVUS data were
not associated with percent change in eGFR (Table 2).
However, mean percentage of necrotic core was negatively
correlated with percent change in eGFR (r=—0.47, P=.02)
(Table 2, Figure 2, and Figure 3), and mean percentage of
necrotic core was significantly larger in patients with dete-
rioration in eGFR (n=13) than in patients without deterio-
ration in eGFR (n=12) (median, 12.7%; IQR, 9.5%-19.5%;
vs median, 8.3%; IQR, 5.5%-11.6%; P=.04). The mean
volume of contrast media (median, 90 mL; IQR, 65-125
mL) used during RAI had no correlation with percent
change in eGFR (P=.37). No difference was found in per-
cent change in eGFR between patients premedicated with
(n=13) and without acetylcysteine and hydration (n=12)
(P=.16) or with (n=16) and without poststenting dilation
(n=9) (P=.73). No procedural differences were found in
RALI between patients with (n=9) and without (n=16) im-
provement in renal function. Furthermore, mean percent-
ages of necrotic core of treated unilateral lesions (n=19)
compared with treated bilateral lesions (n=6) were not dif-
ferent (P=.90), and percent change in eGFR was not sig-
nificantly different between patients with treated unilateral
lesions (n=19) vs those with treated bilateral lesions (n=6)
(P=.23).

Follow-up BP data were available in 23 of 25 patients,
and systolic BP in 19 patients decreased after RAI. Over-
all, systolic BP decreased significantly after RAI (median,
150 mm Hg; IQR, 140-164 mm Hg; vs median, 131 mm
Hg; IQR, 121-140 mm Hg; P<.001), and percent change
in systolic BP had a negative significant correlation with
baseline systolic BP (r=—0.55, P=.007). In gray scale and
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FIGURE 2. Correlation between each plaque component and percent change in estimated glomerular filtration rate (eGFR) at 3 months after
renal artery intervention. Mean percentage of fibrous (A) and fibrofatty (B) tissues is not associated with percent change in eGFR. Mean per-
centage of necrotic core has a significant negative correlation with percent change in eGFR (C). Mean percentage of dense calcium is poorly

associated with percent change in eGFR (D).

VH-IVUS data, only mean percentage of dense calcium
was significantly associated with percent change in systolic
BP (r=-0.45, P=.03). No relationship was found between
percent changes in eGFR and systolic BP (P=.84).

Of 25 follow-up patients, 20 had pressure gradient data
across the lesion before RAI In these patients, any pres-
sure gradient or ratio did not have significant correlations
with percent changes in eGFR and systolic BP.

DISCUSSION

The current study demonstrates that, in patients with ath-
erosclerotic RAS, renal function in response to RAI is sig-
nificantly correlated with the tissue characteristics of the
renal atherosclerotic plaques classified by VH-IVUS. The
current study underscores the heterogeneous response to
RAI and suggests that plaque composition evaluated by

Mayo Clin Proc. * December 2011;86(12):1165-1172 ¢

VH-IVUS might provide more insights into the change in
renal function after RAIL

AssociATION BETWEEN STRUCTURAL STATES AND IMPAIRED
ReNAL FuncTion

A previous study reported the utility of IVUS in the con-
firmation of optimal stent apposition and expansion dur-
ing RAL'? Therefore, structural evaluation by IVUS may
provide more information regarding the need for inter-
vention. In this study, baseline eGFR did not significantly
correlate with the minimum CSA of the lumen, although
baseline eGFR significantly correlated with remodeling
index. Thus, the reduction of renal blood flow induced by
RAS may not be a main contributor to impairing GFR. This
finding is supported by the fact that renal function does
not progressively decrease in patients with RAS caused by
FMD despite significant obstruction of the renal artery.'®
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Improvement case

Mean % fibrous tissue: 62.0%
Mean % fibrofatty tissue: 34.5%
Mean % necrotic core: 3.3%

Mean % dense calcium: 0.3%

M Fibrous tissue [ Fibrofatty tissue [ Necrotic core []Dense calcium

Deterioriation case

Mean % fibrous tissue: 55.7%
Mean % fibrofatty tissue: 14.2%
Mean % necrotic core: 22.6%

Mean % dense calcium: 7.5%

FIGURE 3. Representative intravascular ultrasonography (IVUS) with virtual histology (VH) images in patients with
improvement vs deterioration of renal function after renal artery intervention. Each plaque component is color
labeled in the VH-IVUS images. Upper panel shows that renal plaques have only a small amount of necrotic core,
and percent change in estimated glomerular filtration rate (eGFR) after intervention is 18.0%. Bottom image shows
plaques with much necrotic core and a percent change in eGFR of —11.4%.

Furthermore, the kidney without stenosis in patients with
unilateral atherosclerotic RAS could not fully compensate
for the decrease in GFR of the kidney with stenosis, and
the GFR of the kidney without stenosis in patients with
unilateral atherosclerotic RAS was decreased compared
with that of the kidney without stenosis in patients with
unilateral FMD stenosis.!” Patients with atherosclerotic
RAS had other vascular atherosclerotic diseases'®; system-
ic atherosclerosis may progress and extend to the renal mi-
crocirculation, affecting the GFR even in the nonstenotic
kidney. Thus, structural values of the main renal plaque
associated with baseline eGFR may reflect the degree of
atherosclerotic change in renal microcirculation. However,
plaque components classified by VH-IVUS had no corre-
lation with baseline eGFR, and renal plaque composition
may not directly reflect the property of microcirculation
associated with present renal function.

INFLUENCE oF HEMODYNAMIC STATE oN RENAL DysFuncTiON
The physiologic significance of atherosclerotic lesions may
not be accurately predicted by renal angiography, and Lee-
sar et al® have suggested that hyperemic systolic gradient
may be helpful in predicting BP improvement. Although
we performed only rest pressure gradients, these data had
poor correlations with baseline eGFR. Thus, the stenosis
severity may somewhat contribute to decreasing GFR, al-
though atherosclerosis in renal microcirculation may be the
main contributor to impairing GFR in patients with athero-
sclerotic RAS.
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Responses 1o RAI

There is growing controversy regarding the need and the
efficiency of intervention for atherosclerotic RAS. Recent
studies have demonstrated that RAI may not lead to sig-
nificant benefits beyond medical therapy. However, these
studies also showed a small benefit of RAI on attenuation
of deterioration in renal function.>* Moreover, a previous
study demonstrated that high baseline creatinine concen-
trations tended to cause a large decrease in creatinine level
after RAI" and our results also showed that baseline eGFR
and creatinine level were significantly correlated with per-
cent change in eGFR. Therefore, appropriate patient selec-
tion for RAI may improve the outcomes after RAI. This
study revealed that percent change in eGFR was inversely
correlated with mean percentage of necrotic core detected
by VH-IVUS but not with gray scale data. Thus, the change
in renal function after RAI was not predicted by the struc-
tural state detected by gray scale IVUS, but differential
tissue characteristics were associated with impaired renal
function after RAI. The mechanism of the decrease in re-
nal function after intervention in the presence of necrotic
core may be multifactorial. One potential mechanism is the
release of emboli from the necrotic core as suggested in
the coronary circulation.”!® However, recent studies have
reported that the use of embolic protection devices alone
during RAI do not lessen the decrease of GFR after stent-
ing despite the capture of embolic debris in embolic pro-
tection devices; however, the use of a glycoprotein IIb/I1la
inhibitor with an embolic protection device could improve

doi:10.4065/mcp.2011.0302 + www.mayoclinicproceedings.com

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.



the GFR.?*! Furthermore, a recent pilot study showed the
significant increase in interleukin 6 production after RAL.>
These results suggest that one of the mechanisms by which
the release of emboli from renal plaque with abundant ne-
crotic core may mediate the decrease in renal function is
by the release of cytokines and platelet activation. Consid-
ering the poor correlation between pressure gradients and
baseline eGFR, the pressure recovery after RAI might have
the ability to improve or attenuate the deterioration of the
GFR. However, rest pressure gradients were not associated
with percent change in eGFR in this study, and hyperemic
pressure gradient did not have a significant correlation with
renal function after RAL®

Systolic BP significantly decreased after RAI, and
percent change in systolic BP had a significant correla-
tion with baseline systolic BP. This result is compatible
with a previous study that demonstrated a significantly
greater decrease in systolic BP after stenting in patients
with higher baseline systolic BP.?* A recent study showed
that hyperemic systolic pressure gradient might predict
BP improvement.® However, we did not measure hyper-
emic pressure gradients across the lesion. Therefore, any
rest pressure gradients did not have significant correla-
tions with percent change in systolic BP in this study. In
IVUS data, only dense calcium was negatively associated
with percent change in systolic BP. The progression in
aortic stiffness leads to elevation of systolic pressure, and
a recent study demonstrated that aortic calcification is in-
dependently associated with aortic stiffness.?* Therefore,
aortic calcification may play an important role in elevat-
ing systolic pressure. In fact, previous studies suggest that
renal artery calcium is associated with the prevalence of
hypertension and other vascular calcium, including ab-
dominal aorta,” and that abdominal aorta calcium cor-
relates with drug-resistant hypertension.?* Therefore,
the degree of decrease in systolic BP after RAI may be
diminished in patients with abundant dense calcium, al-
though systolic BP decreased in most of the patients in
this study.

No correlation was found between percent changes in
systolic BP and eGFR in this study. Some previous stud-
ies also demonstrated that renal function did not improve
after RAI despite the decrease in BP.'>%*2¢ Furthermore, a
recent study showed that the improvement of GFR was in-
dependent of the change in BP after administration of pro-
genitor cells.?” Thus, the impairments in BP and GFR may
represent separate disease pathways and have a different
response to RAL

Stupy LimiTATIONS

The study has several limitations. First, no study has vali-
dated plaque composition classified by VH-IVUS in the
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renal artery. However, a previous study demonstrated the
strong correlation between plaque components defined
by VH-IVUS and histologic analysis of endarterectomy
plaque from carotid artery.?® Therefore, VH-IVUS may en-
able reliable tissue characterization in other larger arteries
than the coronary artery. Second, baseline creatinine con-
centration, eGFR, and mean percentage of necrotic core
were significantly associated with percent change in eGFR
after RAIL. However, we did not perform multivariate anal-
ysis because of the small number of study participants. In
this setting, the results of multivariate analysis cannot have
a strong meaning. Furthermore, volumetric IVUS data of
the whole lesion were not calculated because of manual
pull-back, and the intrarenal resistance index evaluated by
ultrasonography was determined in only half of the study
participants. Therefore, we cannot address the associations
between these parameters and changes in renal function af-
ter RAIL Third, eGFR was calculated from the serum creat-
inine level, which was influenced by several factors, in-
cluding drugs, contrast media, and dehydration. Although
antihypertensive drugs and the volume of contrast media
were not associated with the changes in eGFR, other fac-
tors might affect the changes in eGFR after intervention.
Fourth, if a typical beaded appearance of FMD was not
shown on renal angiography, the lesion was enrolled as an
atherosclerotic lesion, and histologic evaluation was not
performed. Thus, we cannot rule out that our study patients
had lesions of other diseases. Finally, this study included
a relatively small number of patients. Prospective clinical
investigations of larger populations are necessary to clarify
the effect of plaque composition classified by VH-IVUS on
changes in renal function after RAI.

CONCLUSION

In atherosclerotic RAS, the distribution of plaque compo-
nents classified by VH-IVUS is related to the change in
renal function after RAI. The evaluation of tissue char-
acterization by VH-IVUS may provide more information
regarding the change in renal function after RAI and may
encourage the improvement in recent results of RAI and
prognosis.
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