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Brief Rapid Communications

Intravascular Ultrasound Evidence for Coarctation Causing
Symptomatic Renal Artery Stenosis

Trude C. Leertouwer, MSc; Elma J. Gussenhoven, MD;
Lukas C. van Dijk, MD; Jeroen A. van Essen, MD; Jan Honkoop, BSc;
Jaap Deinum, MD; Peter M.T. Pattynama, MD

Background—A recent study of human cadaveric renal arteries revealed that renal artery narrowing could be due not only
to atherosclerotic plague compensated for by adaptive remodeling, but also to hitherto undescribed focal narrowing of
an otherwise normal renal arterial wall (ie, coarctation). The present study investigated whether vessel coarctation could
be identified in patients with symptomatic renal artery stenosis (RAS).

Methods and Results-Consecutive symptomatic patients with angiographically proven atherosclerotic RAS who were
referred for stent placement were studied by 30-MHz intravascular ultrasound before interverti8) @r after
predilatation (r=18). Analysis included assessment of the media-bounded area and plaque area (PLA) at the most
stenotic site and at a distal reference site (most distal cross-section in the main renal artery with normal appearance).
Coarctation was considered present whenever the target/reference media-bounded s@s%ud3efore intervention,
coarctation was observed in 9 of 18 patients and adaptive remodeling in 9 of 18 patients. Coarctation lesions had a
significantly smaller PLA than adaptive remodeled lesids ©.001). Similarly, despite predilatation, coarctation was
seen in 8 of 18 patients who had significantly smaller PLRs-0.008) when compared with those patients who had
adaptive remodeled lesions. No differences in severity of RAS or angiographic or clinical parameters were observed.

Conclusions—Low-plaque coarctation may cause a considerable proportion of symptomatic RAS, which is angiographi-
cally and clinically indistinguishable from plaque-rich RA&irculation. 1999;99:2976-2978.)

Key Words: renal arterym stenosiam hypertensiom ultrasonography, interventional

t is generally accepted that atherosclerotic plaque accumula-patients with angiographically proven RAS. The second aim
tion is the principal cause of renal artery stenosis (REXA. was to identify angiographic and/or clinical variables that
recent intravascular ultrasound (IVUS) study in human renal might be predictive for the distinguishing lesions.
arteries obtained at autopsy, however, suggested an alternative
cause of RAS.In that study, we observed that in 60% of the Methods
specimens, plague accumulation, with or without compensatory Between September of 1996 and March of 1999, we studied 48
vessel enlargement (ie, adaptive remodeling), caused lumenggnsecytive patients (16 women and 32 men aged%gears

narrowing. This phenomenon was first described by Glagov et [mean=SD]) with hypertension and/or renal function impairment
al and, subsequently, by othérsin the remaining 40% of the  and atherosclerotic RAS who were referred for percutaneous trans-

specimens, however, focal narrowing of the renal artery wall luminal stent placement guided by IVUS. Previous angiograms had
with little or no plaque was observed. Here, we propose the term revealed>50% diameter stenosis in all patients. The Local Com-
“coarctation” to describe the latter conditi dh drland’s Medical mittee of Human Research approved the investigation. Patients were

L ) . N o . included in the study after informed consent was obtained.
Dictionary defines coarctation as “a condition of stricture or Revascularization was performed via the femoral approach. The

contraction”). stenosis was crossed with a 5F selective catheter in combination with
If this condition is present in vivo, it might cause hemo- 0.035-in hydrophilic guidewire (Terumo). The hydrophilic wire was
dynamically significant RAS. However, to the best of our exchanged for a 0.020-in stiff guidewire with a flexible tip (Boston
knowledge, renal artery coarctation has not been describegScientific) for guiding the IVUS catheter, the angioplasty balloon,
before in vivo, especially not in patients with atherosclerotic 29 the balloon-expandable stent. A 30-MHz mechanical IVUS

. . . imaging system was used with 4.3F catheters (“Princeps”, EndoSon-
renal vascular disease. The first aim of the present study was,jcss The 1VUS catheter was positioned distally from the stenosis in

therefore, to establish whether renal artery coarctation could the first major side branch. Real-time cross-sectional images of the
be identified as a contributing factor to RAS in symptomatic renal artery wall obtained during slow pullback of the IVUS catheter
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were displayed on a monitor and stored on S-VHS videotape for Quantitative Cross-Sectional Intravascular Ultrasound Data of

off-line analysis. Renal Arteries Before Intervention (n=18) and After
Predilatation (n=18)

Image Analysis

From each renal artery, multiple IVUS cross-sections were quanti- Adaptive _

tatively analyzed to select the target site and a reference site for Remodeling  Coarctation

further analysis. The target site was the IVUS cross-section with the Group Group P

smallest lumen area. The reference site was the most distal cross-efore intervention n=9 n=9

section in the renal artery truncus with a normal appearance. Target

Analysis included assessment of lumen area (LA), media-bounded arge

area (MBA), plaque area (PLA), and percentage area stenosis. LA MBA, mm? 33.9+6.8  24.0+5.1 0.003

was defined as the area encompassed by the inner boundary of the  p A mm? 23.7+6.1 13.9+4.4 0.001

intimal surface. MBA was defined as the native vessel area bounded

by the external elastic lamina. PLA was calculated by subtracting LA Reference

from MBA. Percentage area stenosis was calculated as the LA at the MBA, mm? 335+£7.6 33.9+3.8 NS

target site divided by the LA at the reference site. PLA, mm? 7.9+20 78+14 NS
The MBA at the target site was expressed as a percentage of the

MBA at the reference site. A relative MBA 6£85% at the target MBA target/reference, % 10313 nx - <0.001

site indicated a similar or larger MBA (“adaptive remodeling” Area stenosis target/reference, %  61.2+19.7 61.4+19.3 NS

group), and a relative MBA 0£85% at the target site indicated a  agter predilatation n=10 n=8

smaller MBA than at the reference site (“coarctation” group). On the

basis of our previous observation that renal artery tapering does not  1ar%et

occur2 we used a 15%-tolerance interval to define a smaller MBA to MBA, mm? 43.0+124 24.1+106 0.004

be on the conservative side. We assessed whether the conclusions of  pj p 2 282+13.0 12.3+8.0 0.008

the quantitative analysis, which were performed by 2 independent

observers (T.C.L. and J.A.V.E.), were consistent for the observers Reference

individually. Mean values of the 2 observers are given. MBA, mm? 33.2+6.3 35.2+17.1 NS

L. . PLA, mm? 78+x19 6.9+2.8 NS
Statistical AnaIySIS MBA target/reference, % 13031 7010 <0.001

The 2 groups were compared with regard to the MBA and PLA at the

target and reference sites, relative MBA, and percentage area Area stenosis target/reference, %  42.5+18.0 52.1+17.3 NS

stenosis. Studentigtests were used at th<0.05 significance level. Renal arteries are divided into the adaptive remodeling and coarctation

Interop_server varlablllt.y for quantitative IVUS measurements Was grqups according to the relative MBA at the target site (>85% and =85%,

quantified by regression analysis and a coefficient of variation, regpectively). Values are mean=SD and represent the averaged results of the

which was defined as the standard deviation of the paired difference , independent observers. NS indicates not significant.

divided by the mean of the absolute value. Multivariate logistic

regression analysis was performed to predict the presence of either of . o .

the 2 lesions. area stenosis were not significantly different between the 2
A logistic regression model was fitted using angiographic and groups. Similar results were found in the 18 patients studied

clinical parameters as the independent variables. Angiographically, a after predilatation (Table).

gistinctionthwa;s”ma_de bl‘.at‘."’e'la”hOStiat' "’?n? truncal 'E%B%pe”' The 2 observers showed good observer agreement with regard
ence on the following clinical characteristics was assessed: age, sex . - . -

signs and symptomg of atherosclerotic vascular disease ?anginato the IVUS measurements, with a high correlation coefficient

pectoris, intermittent claudication, cerebrovascular accident, or vas- (r=0.98; observer 20.98<observer #0.64 mni) and an

cular surgery), onset of hypertensiony, 1 to 2, 2 to 5, or>5 overall coefficient of variation of 10.7%. The conclusions were

years), smoking history (ever or never), obesity (body mass index consistent for each observer individually. Multivariate regres-

=25 k(g/ ), Serr]“rln ‘;rea}iTi”;gosncem”T/tli_on' and h%’pirﬁho'teSt?ro" sion analysis did not reveal any angiographic or clinical param-

emia (serum cholesterol levet6.5 mmol/L or use of cholesterol- o . : . -

lowering agents). In addition, we assessed whether any differencesej[er predictive for either adaptlvg r‘?m.o deling qr coarctation; no

were found in the initial technical success rate or the 3-month clinical differences were encountered in initial technical success and

results (systolic and diastolic blood pressure, number of antihyper- 3-month clinical outcome between the 2 groups.
tensive drugs, and serum creatinine level) between the 2 groups.

Discussion
Results The conventional concept of development and progression of
IVUS images were obtained in 18 patients before intervention atherosclerotic RAS is the accumulation of plaque, with or
and in 18 other patients after predilatation with an angioplasty without compensatory vessel enlargement (ie, adaptive re-
balloon 5 or 6 mm in diameter. In the remaining 12 patients, modeling). The current findings suggest an alternative mech-
the interventionist did not use IVUS before stent placement. anism of symptomatic RAS, characterized by focal narrowing
Quantitative IVUS data for the group studied before of the renal artery wall and little plaque (ie, coarctation). The
intervention are given in the Table. Nine of 18 patients latter phenomenon was responsible for symptomatic RAS in
showed the coarctation phenomenon, with an MBA at the 50% of patients, a prevalence of coarctation similar to that
target site of 24.65.1 mnd, which was significantly smaller  previously seen in our autopsy stutioarctation could be
than that in the adaptive remodeling group (3868 mnf, identified even after balloon dilatation in 44% of the patients.
P=0.003; Figure). PLA in the coarctation group The present study is the first in which coarctation as a cause
(13.9+4.4 mn?) was also significantly smaller than in the of RAS was evidenced clinically. It is noteworthy that 32
adaptive remodeling group (23:6.1 mnt; P=0.001). years ago, McCormack et aldescribed a proportion of
Quantitative parameters at the reference site and the degree ohistologic RAS with “arterial spasm fixed by accumulation of
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Reference

B. Relative MBA: 62%

IVUS cross-sections obtained from renal arteries before inter-
vention showing adaptive remodeling (A) and coarctation (B)
types of renal artery stenosis. Left panels represent target sites,
and right panels indicate reference sites. Cross-sections are
contour-traced, facilitating recognition of LA (inner contour) and
MBA (outer contour). Note relatively small media-bounded area
and little plaque seen in coarctation stenosis (B). Calibra-
tion=1 mm; black circle=catheter.

collagen,” which may reflect the coarctation seen in the
present study. In our previous autopsy study in which we
combined IVUS with histologic analysis, however, coarcta-
tion was not associated with specific histologic characteris-
tics. Mintz et alt described de novo stenotic lesions in

Clinical Implications

The heterogeneity of atherosclerotic RAS, as shown in the
present study, may have important clinical implications.
Plaque-focused treatment by means of intravascular radiation
therapy or plaque-lowering agents could be of minor impor-
tance for coarctation RAS. In addition, renal artery revascu-
larization by either balloon angioplasty or stent placement is
clinically successful in only part of the patient population
treatedt2 Currently, which parameters determine the outcome
of revascularization is insufficiently known. Whether the type
of RAS determines the outcome of intervention is a question
that will be investigated in future studies.

A limitation of our study was that IVUS images were not
obtained in all 48 patients. This may have resulted in a
selection bias; the prevalence of coarctation RAS as present-
ed here must, therefore, be interpreted with caution.
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