bram aneurysms, internal caroud arten
both. We also compared the DE-BR-CTA findings with
those of DSA.

Materials and methods

Subjects

This study was performed after obtaining approval of the
local institutional review board. Writ
was obtained from all patients, We prospectively selected
12 patients (7 male, 5 female; 36-78 years, mean 64
years) who underwent both DE-BR-CTA and DSA within
30 days of each other. Nine patients were suspected of
| unruptured aneurysms with MR angio
were

itormed consent

intrac 18
Five patie

five, three patients had a stroke and in

suspected of ICA stenosis. Of

Iwo patients th
asymptomatic stenosis was found during the evaluation

for aneurysm.
CTA protocol
CTA was performed using a dual-source CT system

(SOMATOM Definition, Siemens, Germany). CT para
meters in the dual-energy mode were 140 and 80 KV tube

voltage, 80 and 360 cffective mAs, respectively, 0.5-s

Fig. 1 Right ICA large aneu-

rysm of a T3-year-old female

pati MIP images of DE-BR-
CTA (a, ¢) delineate the gencral
W configuration of an-
well ns DSA (d), VR
CTA (b)
fal side of

rotation time, 64 *0.6-mm collimation with z-flying focal
The 140 and 80 kV 1im
rgy images) were reconstructed separately in sections
that were 0.75 mm wide at 0.5 mm increments using a D30
kemel for a field of view of 180 mm
(350 mg I/ml) was injected for 20 s via the antecubital vein,

followed by a 25 ml saline flush. Injection rate and dose

res (dual

spot, and a pitch of 0.6

cne

Contrast mater

depended on the patient’s weight: 3.0 ml/s. 60 cc for
patients weighing less than 60 kg: 3.5 mlfs, 70 cc
for patients weighing less than 70 kg and 4 ml/s. 80 cc
70 kg. The delay ume of the T data
acquisition after the injection was determined using a bolus
tracki

DSA was performed using a biplane DSA unit with
rotational 3D DSA (INTEGRIS BV3000, Philips Health-
care, Best, Netherland)

tor thosc over

software at the basilar artery o ICA

Im

> processing and analysis

I'he dual-energy images were transferred to o workstation
(Multt Modality Workplace: Stemens Medical Solutions,
Germany), and the prototype of a commercial software
(Syngo 2008G) was used to create a DE-BR-CTA from
which the bone voxels had been removed (“head bone
apphication). The combined images of both
energy data were reconstructed and used for diagnostic
reading (conventional CTA)

removal™




DE-BR-

defect at

Two neuroradiologists blinded to all clinical information T'he quality of the dual-energy bone removal was rated
independently reviewed the DE-BR-CTA in maximum- according to a four-point scale. “Excellent” was defined as
ntensity projection (MIP) and the conventional CTA in  clearly visible vasculature and no bone remnants.
volume-rendering (VR) technique on a 3D workstation. as discernable vasculature and containing only tiny bone

good™

er bone remnants

Disagreements regarding final conclusions were resolved  remnants, "moderate”™ as contain

by consensus

fusitorm ancurysm with

vith DSA (b). VR image




W
po

as including large bone

‘mnants or

covering parts of the vessels.

Further, the visibility of the ophthalmic artery in DI
BR-CTA g 10 a four-point scale
“Excellent” was defined as the ophthalmic artery being
visible from the origin to the intra-orbital portion,

was rated accordir

“good™ as one artery being visible and the other with
only the orngin or other short segments being detecred.
“po as the long segment of the ophthalmic anery
being detected, and “not visible™ as the ophthalmic
artery not being discernable at all.

For the evaluation of aneurysm, conventional CTA and
DE-BR-CTA were compared for the detection and
delineation of aneurvsms and compared 10 the DSA results

For the evaluation of ICA stenosis, the DE-BR-CTA and
DSA were compared and the deg was
calculated using the Wartarin-Aspirin Symptomatic Intra-
cranial Disease Study method [10], which is the ratio of the
diameter of the maximum stenotic site to the diameter of
the proximal normal ICA.

Kappa statistics were used to assess interobserver
rehability. Kappa wvalues above 0 were considered to
indicate positive agreement: less than 0.4, positive but poor
agreement; 0.41-0.75, good agreement: and more than
0.75. excellent agreement.

rec ol stenosis

Results
Dual-energy bone removal was successful in all patients

and the post-processing of DE-BR-CTA took an average of
53 s. excluding data transfer and saving time. The quality

L]

Fig. 4 Right ICA severe sicnosis of a 67
C2 portion of ICA had severe stenosis (arrowhead) demonstrated by
DE-BR-CTA (a) and DSA (b). The ophthalmic artery is not
visualized by DE-BR-CTA or by DSA. CTA source images (¢) show

-year-old female patent
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Fig. 5 Scatterplots illustrate perc !
DE-BR-UTA versus DSA. Good correlation was noted between the

wo methods (R-=0.822

res of carotid anery st

), but the stenosis diagnosed by CTA was
higher than that by DSA for most cases

of dual-energy bone removal was rated “excellent” for two
of the patients, “good™ for eight patients. and “moderate™
for two patients

Of the 24 ophthalmic anteries, the visibility of 7 was rated
“excellent,” 14 were rated “good.” | was rated “poor,” and 2
artentes were rated “not visible.” The two ophthalmic anteries
that were not visible in DE-BR-CTA were found by DSA w0
be occluded. Interobserver reliability between two readers
was good for quality of bone removal (k=0.60) and visibility
of ophthalmic arteries (k=0.65).

Anecurysms were located in the verebral artery (two
patients), basilar artery (one patient), ICA (two patients),

P

%
dense calcifican around the whole circumference

ICA, and thes Icifications were removed after DI

post-processing (d)

of the right
bone-removal




middle cerebral artery (MCA; three patients) and anterior
commumicating artery (ACOM: one patient),

Three ancurysms (two ICA and one MCA) adjacent to
the skull base were only partially visible in conventional
CTA but were fully visible in DE-BR-CTA (Fig. 1). For
three ancurysms with calcifications [two MCA and one
vertebral artery (VA)]. the calcifications were removed by
the head bone removal applications, and the intraluminal
shape of the aneurysms was visualized precisely with
results confirmed by DSA (Figs. 2, 3).

In five patients with ICA stenosis by calcification at the
intercavernous or paraclinoid portion, the eight stenotic
lesions were not visible in conventional CTA. However,
after bone removal post-processing with dual energy, all
stenotic lesions became clearly visible on the MIP images
(Figs. 2, 4). The agreement of percent stenosis for the two
methods is represented in the scatterplots shown in Fig. 5.
The correlation between DSA and CTA was good (R*=
0.822), and the majority of discordant points were above
the line of correlation, indicating an overestimation of
stenosis found on DE-BR-CTA compared to DSA.

Discussion

Our study shows that bone removal brain CTA using dual-
energy data was useful to evaluate aneurysms and ICA
stenosis with a short calculating time, and the results with
DE-BR-CTA were comparable to those with DSA.

Dual-energy CT was developed during the late 1970s
for tissue characterization using single-source, single-
slice CT [I1, 12] and mainly applied for bone
densitometries [13, 14]. However, the limitation of CT
hardware and software technology hampered expansion
to further clinical applications [15].

Dual-source CT with dual-energy mode can acquire two
different energy data into a single acquisition. Dual-energy
CT imaging makes it possible to differentiate between
certain materials, since X-ray absorption is material
specific and dependent on the energy of the X-rays.
Dual-energy CT for tissue characterization was reported for
urinary stone differentiation [16-18], visualization of the
knee ligament [19], and differentiation of 1odine from bone
and calcification [9].

Multi-slice CTA has a high sensitivity and specificity for
the detection of intracranial aneurysm [1, 20].

Subtraction methods for bone removal in cerebral CTA
have been reported for the evaluation of skull base
aneurysm or extracranial ICA, such as simple subtraction
from enhanced data to noncontrast data [4, 21]. More
recently, selective bone removal or “matched mask bone
climination™ have been widely used for bone-subtraction
CTA where the bone mask image as well as the 3D
registration 1o the enhanced CT acquisition were deter-
mined by a low-dose unenhanced CT acquisition [6-8].

In our study, DE-BR-CTA removed the bone structures
very well, and the three aneurysms adjacent 1o the skull
base were fully visible from all directions, in contrast to the
partial view in conventional CTA,

Calcification of the ancurysmal wall makes surgical
clipping difficult, so this information was important for
deciding treatment strategies [22]. Conventional CTA
images revealed calcifications but neither VR nor MIP
images allowed a precise evaluation of the intraluminal
ancurysmal shape. By comparison, the geometry of
intraluminal aneurysms was clearly visible on DSA, yet
calcifications could not be displayed. We found that
calcifications of three aneurysms were removed by dual-
cnergy bone removal, therefore the wall and luminal
information of the aneurysms could be analyzed with both
DE-BR-CTA and conventional CTA.

The advantage of the dual-energy bone removal method
compared to CT digital subtraction methods is that it avoids
the additional preliminary unenhanced CT acquisition.
Single data acquisition reduces the radiation dose to the
patient and also shows no misregistration artifacts,
Subtraction methods use position adjustment, but if a
patient moves between the two consecutive acquisitions, it
becomes difficult 1o achieve a perfect match between the
two images.

For the evaluation of intracranial stenosis and occlusion,
DSA has been considered the reference standard [10]. The
correlation between degree of intracranial stenosis based
on CTA and DSA was excellent [23], ap#CTA has a higher
sensitivity and positive predictive value than MRA [24].
Evaluation of ICA stenosis at the petrosaFpertion of carotid
siphon or in cases of calcified plaque has not been reported
previously, because CTA did not allow 3D visualization of
ICA with these conditions. In contrast, DE-BR-CTA
removed bone and calcifications and was able to measure
the degree of stenosis.

As described above, we quantitatively evaluated ICA
stenosis on MIP image. The correlation coefficient between
DE-BR-CTA and DSA results was good, but stenosis tends
to be overestimated in DE-BR-CTA compared to DSA. In
our study, two severe stenotic arteries were misclassified as
occluded (100% stenosis) with DE-BR-CTA. The main
reason for this overestimation is blooming effects from
calcifications. The poor enhancement of an artery with
severe stenosis compared to a nonstenotic artery also makes
it difficult to draw a clear demarcation between calcification
and iodine. This problem might be resolved by optimization
of demarcation parameters and reconstruction kernel.

Conclusion

Dual-energy bone removal using dual-source CT is able to
eliminate bone and calcification from CTA images using
only a single contrast-enhanced scan. DE-BR-CTA is a
useful tool to evaluate intracranial aneurysms and stenosis.
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IMAGES IN CARDIOLOGY

Angiographic documentation of aortoiliac occlusion
in Leriche’s syndrome

Masateru Takigawa MD', Koichi Akutsu MD', Satoshi Kasai MD', Yuiichi Tamori MD', Tsuyoshi Yoshimuta mD',
Masahiro Higashi MD?, Satoshi Takeshita MD FACC*

A(l‘;-\.‘c.lr-nl.i man with fmilial hypercholesterolenin presenred
with intermirrent claudication. Computed tomography (CT)
angiography documented severe stenusis of the right common ilise
artery and complere occlusion: of the left common iliae arrery
(Figure 1), Although catheter mtervention was recommended, the
patient chose a conservative medical therapy.

Eight months later, the patient came back for worsening claudica-
tion .|\'u-1<|[\|m'nl of erecrile dyvstunction Fn||nu-|!|\ CT angiog-
‘-ll'll\' l{'\v('-‘]\'.l ‘.i"l‘l‘li‘lk‘ (L Illﬁl‘lll nf ‘L‘l' l[i}l'-l[l'[i-'l -Ih\l\““llf\-ll FIVH]
and bilateral commaon iliag arteries {Fl!.'llr\' 2)

Leriche's syndrome (1.2) is an aortoiline occlusive disease in men,
with associated signs and symptoms of thigh, hip or burtock claudica-
tiwm, atrophy of the leg muscles, impotence and a reduced femoral
s an artherosclerotic

pulse. The mam cause of this syndrome

ohstruction of aortoiline antertes. I eyprcally begins an che distal ot
or common iliac artery origing, and slowly progreses proximally and

distally over rime. This progresion is quite variible, bur it may uln

mately extend o the level of the renal arteries or result i o
ochision, Seral CT .\I\L:MIL'I.IE‘IHE'_- |\'|h|rrun| in the present patent
demonstrated thar the process of aortic ocelusion in this syndrome was
indead the resule of a retrograde propagation of a theombotic occlusion
initiaring in the bilareral thac lesions
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A

Figure 1) Compuaed tmuography angtographs ar the o presentation
showmg severely stenosed rrgil{ commaon iliae artery (small arvow ) and com-

pletely vbstrncted Left comman iliac artery (larpe arrow)

Figure 2) Computed nomographs angaographs ae follow=up, showeng come

pletely obstructed mfrarenal woma (armow) and hilareral common i
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Long-Term Outcome After Percutaneous Peripheral
Intervention vs Medical Treatment for Patients
With Superficial Femoral Artery Occlusive Disease

Chizuko Kamiya, MD; Shingo Sakamoto, MD; Ywichi Tamon, MD:
Tsuyoshi Yoshimuta, MD; Masahiro Higashi, MD*; Ryoich Tanaka, MD*:
Koichi Akutsu, MD; Satoshi Takeshita, MD

Background Percutaneous peripheral intervention (PPI) for superficial femoral artery (SFA) stenosis is asso-
crated with a high restenosis rate. Whether PP improves the long-term outcome of patients with SFA occlusive

disease remains to be determined.

Methods and Results A review was done of 107 patients with SFA occlusive disease. Fifty-five patients
received PPI for SFA (e, PPI group) and 52 patients received conservative medical therapy (ie, control group).
Clinical records were searched for adverse events (eg, death, limb amputation, re-hospitalization, new onset of
coronary artery disease and cerebrovascular discase) for an average of 30.6+17.7 months. At follow-up, only §
patients (9.1%) in the PPI group experienced improved limb symptoms compared with baseline, and 6 patients
(10.9%) showed ischemic skin ulcer or gangrene. In addition, 2 of these 6 patients were unsuccessful PP cases
comphicated with distal embohzation and perforation. In the control group, 3 patuents (5.8%) presented with
improved limb symptoms, and un equal number of paticnts had worsening of symptoms. Although 2 patients
showed ischemic skin ulcers at follow-up, both patients had these lesions at baseline. Adverse events were ob-
served more frequently in the PP1 group than the control group (69.1% vs 46.2%, p<0.05). This was mainly due
to a higher frequency of re-hospitalization in the PP group than in controls (52.7% vs 15.4%, p<0.001).
Conclusions  The current study demonstrates that PPI for patients with SFA occlusive disease does not provide
superior long-term benefits compared with conservative medical therapy, and that medical therapy will continue
o remain the primary treatment strategy for this group of patients.  (Cire J 2008, 72: 734-739)

Key Words: Angioplasty; Claudication; Peripheral vascular disease: Restenosis

(PAD) experience substantial functional disability
due to claudication, rest pain, and the loss of tissue
integrity in the distal limbs!= Exercise rehabilitation, drug
therapy, and percutaneous or surgical revascularization are
the current therapeutic options for these patients?$
The outcome of percutancous peripheral intervention
(PP1) depends on the anatomic location of the target lesions,
For example, PPI for suprainguinal lesions provides a low
morbidity and excellent long-term vessel patency? whereas
PPI for infrainguinal lesions is associated with a high re-
stenosis rate. In fact, for superficial femoral arteries (SFA).
restenosis oceurs in up to 60% of cases at 1 year after
PPI?-" Therefore, PPI for infrainguinal lesions has been con-
fined to unusual circumstances, such as when patients are
high risk for surgical treatment!”
In recent years, with continuing advances in imaging tech-
nigues, angioplasty equipment, and endovascular expertise,
patients with SFA occlusive disease have undergone a shift

P atients with lower extremity peripheral artery disease

(Received Seprember 5, 2007; revised manuserypt received December
20, 2007, aceepted December 25, 2007)
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ter, Suita, Japan
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All nights are reserved to the Japanese Circulation Society. For per-
misstons, please e-mail: ¢ @ j-circ.or jp

in management to include PPl as a primary treatment strat-
egyl =14 Yer, there are no data 1o support the assumption
that PPI for SFA results in lasting benefit in these patients,
Accordingly, in the current study, we retrospectively re-
viewed the long-term outcome of patients with SFA occlu-
sive disease. The results indicate that for these patients, PP
does not provide superior long-term benefit compared with
conservative medical therapy, suggesting that medical ther-
apy still remains a viable primary treatment strategy for this
group of patients, To our knowledge, this is the first report
that directly compares the long-term outcome of PPI with

medical therapy for patients with SFA occlusive disease.

Methods

Study Participants

The patient population consisted of 641 patients who
were admitted consecutively to the National Cardiovascular
Center in Japan for the treatment of PAD between January
2000 and December 2004. All patients received angiogra-
phic assessment by magnetic resonance imaging. computed
tomography, or digital subtraction angiography. Of the 641
patients, 107 were identified o have SFA stenosis as a cul-
prit lesion, and were included in the study (Fig 1), Of these
107 patients, 55 patients then underwent PPI (ie, PPI group)
for SFA, and the remaining 52 patients received medical
therapy and were used as controls (ie, control group). All
107 patients were primary cases, and those who had previ-

i’'|l|raup‘.:rn\u_Luu'rimI Vol 72, May 2008
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Lang-Term Outeame of P

Enrollment
Consecutive patients who admitted to the hospital
for the treatment of PAD
N-641

MRA/CTA/DSA

Eligible patients
Patients with SFA lesions
but without above inguinal lesions

i Patients excluded
Patients with above inguinal lesions
Patients with only below knee lesions
N=107 N=534

Treatment strategies were discussed
in a consensus meeting of angiologists,
vascular surgeons, and radiologists

PPl
treatment
(Control groug) g

N=-52

ously undergone PPI or bypass surgery were excluded.

PPl Procedure

Indications for PPl were made by several cardiologists,
surgeons and interventional radiologists at our hospital
after considering patients’ clinical staws. Briefly, angiogra-
phy was reviewed and SFA lesions were categorized under
the modified TransAtantic Inter-Society Consensus (TASC)
system (Table 1). PPl was considered when a paticnt had
Fontaine grade [l symptoms with the lesion morphologies of
TASC types A and B, or when a patient had Fontaine grade
Il or IV symptoms (ie, critical limb ischemia), PPI was also
considered regardless of the lesion morphologies if a patient
did not tolerate claudication symptoms under optimal drug
therapy.

All PPI procedures were performed under systemic ad-
minmistration of heparin. Conventional balloon angioplasty
was curried out as a primary strategy. Stent implantation
was not routinely performed, but was considered when the
lesions showed either flow-limiting dissections, a stenosis
diameter of =30%. or acute closure. Procedural success was
defined as having a stenosis diameter of <30%, pressure
gradients of the lesion of <10mmHyg, or improvement in
ankle—brachial pressure index (ABI) of >0.10. When there
were no contraindications, patients undergoing PPl were
prescribed aspirin as well as at least one other anuplatelet
or anticoagulant agent. [f worsening or recurrence of limh
symptoms was observed during the follow-up period, pa-
tients received ultrasound and/or angiographic assessment
1o ascertain restenosis of the dilated lesions.

Long-Term Ourtcome
Clinical records of 107 patients were retrospectively

Clhrenlation Jonral ol 72, May 2008

Figl. Flowchars of patents. PAD, peripheral
artery disease; MRA, magnetic resonance angiogra-
phy: CTA, compured tomographic angiography:
DSA, digital subtraction angiography: SFA. super-
ficial femoral artery, PPl percutancous peripheral
intervention

Tahble 1 Modified TASC Morphologic Stratification of
Femorapopliteal Lesions

Tipe A* Single stenosis <3 cm in length
Tipe B Single stenosis or occlusion 3-5em long
Multiple stenoses or occlusions each <3cm
Type © Single stenosis or occlusion > 5cm
Mulniple stenoses or occlusions each 3-5 cm long
Type D Complete superficial artery occlusion
Complete popliteal or proximal trifu ion occlusion

*Tipe A does not apply for superficial femoral artery lesions according to
the original TASC morphologic strarification.
TASC, TransAtlantic Inter-Society Consenus.

reviewed 10 determine whether long-term outcome differed
between patients undergoing PPl and those receiving con-
servative medical therapy. Specifically, for each patient,
baseline demographic information, limb symptom (Fontaine
grade), ABI. comorbidities, atherosclerotic nsk factors, and
oral medications were identified. When SFA showed diffuse
or multiple lesions, the lesion showing the most severe de-
gree of TASC category was assigned as the lesion category
for that patient. These baseline clinical variables were
statistically analyzed and correlated with long-term adverse
events, which included death, limb amputation, re-hospitali-
zation due to worsening of limb symptoms, new onset of
coronary artery disease, and new onset of cerebrovascular
discase. The information relating to long-term outcome
was ohtained by means of patients attending an outpatient
clinic.

Definitions
Resting ABI was calculated a5 the quotient of absolute
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Table 2 Patient Characteristics

KAMIYA O etal

Control (n=52) PPl {n=55) p value

Age (vears) 718875 70.616.6 NS
Male 41 (7T85%) 51(92.7%) NS
Fontaine grade 2.1540.33 207018 NS

I 1(1.9%) 1(1.8%)

n 46 (88 5% ) 51 (92.7%)

m 1(1.9%) 111.8%)

n 4(7.7%) 2{36%)
Major risk factors and comorhidiney

Current smoker oA (84.6%) 53(96.4%) N§

Hypertension 45 (86.5%) 52(94.5%) NS

Dyslipidemia 29(55.8%) 18 (69.1%) NS

Diabetes mellitus 4 {65.4%) 39(70.9%) NS

Chronic renal impairment J(5.8%) 7(12.7%) NS

Hemodialysis 1(1.9%) 4(7.3%) N3

History of CAD 26 (50.0%) 25 (50.9%) NS

History of CVD 2{18%) 5(9.0%) NS
TASC lesion characteristics (rypes A and B) 18(34.6%) 42{76.4%) <0.001
ABI on admisyion 0612017 0.614.15 NS
ABI on discharge 061017 0.81:0.20 <(.00]
Mean number of antiplatelets and anticoagulants on discharge 187081 2274078 <005

Aspirin 31 (596%) 46 (83.6%) NS

Cilostazol 18 (34.6%) 28(50.9%) NS

Ticlopidine 4(7.7%) 2] (38.2%) <0.001

Beraprost 24 (46.2%) 18(32.7%) NS

Sarpogrelate S(154%) 12(21.8%) NS

Limaprost 8(15.4%) 7(12.7%) NS

Warfarin 4(77%) 6(10.9%) NS

PPI, perculancous peripheral intervention; NS, not significant; CAD, coronary artery disease; CVD, cerebrovascular disease; ABI,

ankle - brachial pressure index. Other abbreviation see in Table |

ankle pressure and brachial pressure. Each patient’s ABI
wis measured upon admission and at follow-up. In patients
receiving PPL, ABI was also measured after PP, Hyperten-
sion was defined as systolic blood pressure 2140mmHg or
diastolic blood pressure 290 mmHg, or as taking antihyper-
tensive medications. Dyslipidemia was defined as having a
fasting cholesterol of 2220mg/dl. low-density lipoprotein of
=140 mg/dl, high-density lipoprotein of <40mg/dl, tnglycer-
ides of 2150mg/dl, or currently taking lipid-lowering medi-
cations. Diabetes mellitus was defined as a fusting plasma
glucose of 2126 mg/dl, hemoglobinA . of 26.5%, or current-
ly taking antidiabetic medications. Coronary artery disease
was defined as a history of angina pectons, myocardial in-
farction, or priar coronary revascularization. Cerebrovascu-
lar disease included a history of stroke, transient ischemic
attack, or caronid artery revascularization. Chronic renal

impairment was defined as a serum creatinine level of

22 0mg/dl, or being on hemodialysis.

Statistical Analysis

Data were expressed as the mean value £ standard devia-
tion. Statistical significance was evaluated using pared and
unpiired Student’s -test for comparisons between 2 means,
and chi-square test for categonical data, Event-free survival
was estimated using the Kaplan—Meier survival method
with log-rank statistics. Statistical significance was defined
as a p-value of <0.05.

Results

Patient Poputarion

Of the 107 patients with SFA occlusive disease, 55 pa-
tients received PP (ie, PPI group) and 52 underwent con-
servative medical therapy (ie. control group). Indications

for PPl in these 55 patients included critical limb ischemia
in 3 patients, and itermittent claudication in 51. Another
patient was asymptomatic under pharmucologic therapy:
however, PPl was performed based on the patient’s request.

Age, gender, follow-up period, Fontaine grade, athero-
sclerotic risk factors. comorbidities, and ABI on admission
were not statistically different between the groups. With
regard to lesion charactenistics. patients receiving PPI
showed less severe types of lesions (1e, TASC types A and
B lesions rather than types C and D lesions) compared with
those receiving conservative medical therapy (p<0.01)
(Table 2).

Short-Term Ouicomes of PPI

PPl was successfully performed m 50 of 55 patients
(90.9% ). Forty patients were treated by bulloon angioplasty
alone, and 10 received stent impluntation, including 7
Palmatz stents. 4 Easy Wall stents, and 1 Smart stent. Indi-
cations for stent implantation were residual stenosis of
>30% in 5 patients and flow limiting dissection in 5, Proce-
dural fallure was observed in § patients, of whom 3 patients
were on chronic hemodialysis. The reasons for the failure
were unsuccessful wire crossing in 4 patients, and wire per-
foration in 1 patient. Lesion charactenistics of the failed
cases were TASC type B lesion in 2 patients, type Cin 2,
and type D in 1. Four of the 5 patients had chronic total
occlusions of SFA.

Upon discharge. a significantly greater number of anti-
platelet und anticoagulant agents were prescribed in the PPI
group than in the control group (2.2720.78 vs 1.87=0.81.
p<0.05). This wis mainly due to the higher number of pa-
tients taking ticlopidine in the PPI group compared with the
control group (38.2% vs 7.7%, p<0.001). ABI in the PPI
group significantly improved from 0.61£0.15 10 0.81£0.20
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Table 3 Long-Term Outcomes

737

Control (n=52) PPl (n=35) p value

Follow-up period (months) 2062168 3162181 NS
Fontaine grade at follow-up 2124018 2.18:0.60 NS

1 0{0%) 5(9.1%)

) 48(92.4%) 43¢(782%)

m 2(3.8%) 1({18%)

W 2(3.8%) 6(10.9%)
ABI at follow-up 0.6080.19 0612017 NS
Patients with anv evenrs 24 (46 2% ) 38 (69.1%) <105
Death from any cause 7(5.8%) 3(5.5%) NS
Amputation 2(3.8%) 3(55%) NS
Re-hospitalization related to PAD B(154%) 20(52.7%) <000/
Bypass surgery 2 5
PPI 5 15
Medical therapy I 9
New onset of CAD 13(25.0%) 16(29.1%) NS
New onset of CVD 9(173%) 6(10.9%) NS

PAD, peripheral artery disease, Other abbreviations see in Table 2.
Baseline Follow-up Baseline Follow-up

i

n=4 n=2
Control group

(p<0.001), which was also higher than that of the control
group (0.6120,17, p<0.001) (Table2).

Long-Term Outcomes

Long-term outcomes of patients in both groups are
shown in Table3. The average follow-up periods were
30.6£17.7 months for all patients; 31.6=18.1 months for
the PPI group and 29.6+16.8 months for the control group
(p=NS). Five patients (9.1%) i the PPI group showed no
limb symptoms at follow-up (including | patient who had
been asymptomatic before PP, whereas all the control
group patients had limb symptoms. On the other hund, 6
(10.9%) of the PPI patients showed ischemic skin ulcer/
gangrene at follow-up; 5 of the 6 had been at Fontaine
grade 11 at baseline, and in 2 of these 5 patients PPl was un-
successful due to distal embolization and perforation. In
contrast, in the control group only 2 patients showed such
ischemic skin lesions at follow-up. Both of these patients
had these lesions at baseline (Fig 2). As a result, the average
Fontaine grade at follow-up was not different between the
PPI and control groups (2.18+0.60 vs 2.1210.18, p=NS).
The finding that patients receiving PP1 showed no long-term

Carbateon_fownmal Lol 72, My 2008

PPI group

Fig2. Fonumne grade at bascline und atl the
last follow-up, PPl percutaneous penipheral
infervention

improvement in the Fontaine grade compared with medical
treutment was further supported by the results of the ABI
measurements. At follow-up. ABI of the PPI group returmed
to the baseline level from 0.81£0.20 to 0.6120.17, and no
statistically significant differences were observed between
the PPI and control groups (0.60+4).19, p=NS).

Overall, long-term adverse events were more frequent in
the PPI group than the control group. Specifically, adverse
events were observed in 69,15 (ie, 38/55) of PPI patienty
compared with 46.2% (e, 24/52) of control patients (p<
0.05). The increased number of adverse events observed in
the PPI group was mainly due to a high frequency of re-hos-
pitalization due to worsening of limb symptoms (52.7% [ie,
29/55] vs 15.4% [ie, 8/52], p<0.001). Among 29 re-hos-
pitalized patients from the PPI group, 15 patients received
repeat PPI and S had bypass surgery. Restenosis was ob-
served in 36% (18/50) of paticnts who underwent successful
PPI (32.5% [ie. 13/40] after balloon angioplasty and 50%
[ie, 5/10] after stent implantation): all 18 patients were re-
hospitalized. In the control group. among the 8 patients who
were re-hospitalized, 5 patients received PP and 2 under-
went bypass surgery. Fig 3 shows the Kaplan—Meier survi-
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Figd.  Kuplan—Meier survival curve of patients free from re-hos-
pitalization. The estimated survivals free from re-hospualization in
patients receiving medical therapy (control group: solid line) and per-
cutuneous peripheral intervention (PPI group: broken line) were 95 6%
compared with 60.9% ut | vear, and B8 1% compared with 40.0% ut
2 years, respectively.

val curve free from re-hospitalization, The survival rate was
significantly higher in the control group (solid line) than the
PPI group (broken line) (p<0.001), The estimated survivals
free from re-hospitalization in the control and PP1 groups
were Y5.6% compared with 60.9% at | year: and 88.1%
compured with 40.0% ut 2 years, respectively. Frequencies
of death, limb amputation, new onset of coronary artery
disease. and new onset of cerebrovascular disease were not
statistically different between the 2 groups.

Discussion

Patients with SFA occlusive disease have undergone o
shift in management 1o include PPI as a primary treatment
strategy?! 1121416 Yeq, there are no data showing that PPI
provides lasung benefit that is superior to conservative
medicul therapy.

PP1 has been shown to provide an excellent short-term
outcome in patients with SFA occlusive disease. The techni-
cal success rate of PPI for femoropopliteal artery stenoses
exceeds 90% (range, 73—1009%)!7 Even for chronic total
occlusions, advances in technology have provided high
recanalization rates (range, 68-83%)!% However, long-lerm
patency of balloon-dilated lesions is suboptimal. For exam-
ple, Muradin et al recently reported the results of a meta-
analysis showing that the combined 3-year patency rates
after balloon dilation for femoropopliteal lesions was 61%
for patients with stenoses and claudication, 43% for those
with stenoses and critical limb ischemia, and 30% for those
with occlusions and cntical limb ischemia!¥ The 3-year
patency rates after stent implantation were similar, ranging
from 63% to 66%, and were independent of clinical indica-
tion and types of lesions!” The short- and long-term results
of PPL in the present study are comparable to these previous
studies. Procedural success was achieved in >90% of pa-
uients, and ABI increased by >30%. Restenosis. however,
developed in as many as 36% of patients, reducing the
long-term success of PPL As a result. no long-term benefits,
including survival and prevention of limb amputation, were
achieved when compared with conservative medical thera-
py. In addition, more than half of the patients receiving PPl
were later re-hospitalized. It should be noted that about two-

KAMIVA C eral

thirds of patients from the PPI group who were re-hospital-
1zed were found (0 have restenosis. Thus. it is assumed that
frequent restenosis after PPI contributed 1o the increased
incidence of re-hospitalization. Although one could argue
that more advanced atherosclerosis of the SFA lesions con-
tributed to the more frequent incidence of re-hospitaliza-
tion in the PPI group, this assumption cannot be supported
since patients in the PP group had less severe lesions than
the control group at baseline,

Prospective studies comparing the long-term outcome of
PPl compared with medical therapy are limited!” Perkins
and colleagues reported that despite significant initial im-
provement in ABT after PP, there was no significant differ-
ence in patients” walking distance between those who had
undergone PPl compared with exercise therapy after 70
months of follow-up? Whyman et al also examined the
outcome of PPI in patients treated with low-dose aspirin,
exercise training, and smoking cessation?! After 2 years of
follow-up, neither walking distance nor ABI were signifi-
cantly different berween patients who had or had not under-
gone PPL It must be noted that these studies included
patients with suprainguinul as well as infranguinal lesions,
and were not intended to determine the outcome of PPI for
SFA lesions. Considering the fact that PPI for suprainguinal
lesions is generally associated with a lower restenosis rate
than that for infrainguinal lesions, it appears that PPI for
SFA lesions does not achieve a better outcome compared
with medical treatment. The current study underscores this
assumption by showing that, despite a favorable short-term
outcome, PPI does not provide superior long-term benefits
compared with conservative medical therapy in patients
with SFA occlusive disease, and suggests that medical ther-
apy may continue to remain the primary treatment strategy
for this group of putients.

The use of stents in SFA has not been shown to be more
beneficial than plain old balloon angioplasty!®*2->* Thus,
the TASC recommends the use of sients only for short SFA
lesions and advise that they be used only in bail-out situa-
uons, In the present study, based on this recommendation,
stents were used only for bail-out situations. and the long-
term outcome was comparable to that of the balloon angio-
plasty. Schillinger et al recently reported that the use of self-
expandable nitinol stents for SFA lesions yielded results
that were superior to those of balloon angioplasty” The rate
of restenosis on angiography was 24% in the stent group
and 43% in the balloon angioplasty group. and at the |-year
follow-up, the rate on duplex ultrasonography was 37% and
6.3%, respectively. The advantages of nitinol stents include
improved radial force, the ability (o recover their shape after
being crushed, and reduced foreshortening, which allows
precise placement. Whether the use of newer-generation
stents ultimately leads 1o beter long-term outcomes beyond
that presently offered by medical treatment awaits further
investigation,

Conclusions

The current study demonstrates that despite a favorable
short-term outcome, PPI does not provide superior long-
term benefits compared with conservative medical therapy
in patients with SFA occlusive disease, suggesting that
medical therapy will continue to remain the primary treat-
ment strategy for this group of patients.
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