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catheter embolisation and sclerotherapy, should be the
basis of treatment, and surgery should be minimally used.
Irrespective of the treatment procedure, use of repeated
condition-specific therapies is indispensable for CVM
patients. Rockman et al. reported that >70% of CVM
patients had already undergone initial therapies.® In our
series, one patient underwent 17 surgical shunt ligations.
Mendel at al. have reported 12 recurrences in 17 cases of
surgically treated CVMs of the upper extremity.’ In another
report, 12 CVM patients were mainly treated with endo-
vascular embolisation, and eight experienced recurrence. '
Some patients in our series have not undergone any addi-
tional treatments, such as endovascular procedures, after
surgery. Although we never opine that endovascular treat-
ment is not necessary and that ‘wait and watch’ is the best
choice for CVM patients, we selected a ‘wait and watch
approach’ in most cases, taking into account the results of
previous reports.

Aggressive treatment for CVM in the limb may result in
critical limb ischaemia. In an emergency case (such as
patient #1) involving ligation of the brachial artery con-
necting to the ruptured aneurysm, a lateral branch of the
brachial artery might serve as an abnormal vessel feeding
the nidus. We preserved the vessel fearing limb loss and
eventually obtained a good long-term result. Ankle-
pressure measurement was an effective monitoring tool
for preventing ischaemic complications after major
artery ligation. In addition, skin-perfusion-pressure
measurement at distal sites with arterial compression
may also be useful for predicting limb prognosis after
arterial ligation.

There are some reports of CYM-associated CHF located
in the extremities or body trunk.*®'"2 |n such cases,
endovascular embolisation procedures were mainly per-
formed for shunt closure with acceptable outcomes.
However, in patient #4 of the present study, large inflow
arteries and broad areas of AV shunt lesions led us to select
femoral-artery ligation and banding as the surgical proce-
dures to decrease the shunt flow, while avoiding necrosis,
which might occur with catheter embolisation or scle-
rotherapy in high-flow conditions. In this case, after
surgical closure of the large AV fistula, additional endo-
vascular therapy was also performed for the other feeding
vessels and the nidus.

We consider it necessary to search for the presence of
aneurysms upon initial consultation or to examine for
aneurysm formation during follow-up visits, especially in
patients with CVM classified as ‘predominantly AV shunting
defect type’ or ‘combined vascular defects + pred-
ominantly AV shunting defects type’. Once an aneurysm is
detected, regular follow-up to check its growth is manda-
tory. As our study possibly indicates that saccular aneu-
rysms are likely to enlarge or rupture, such aneurysms
should be observed more carefully. In some cases, planned
preventive surgery is indicated before an aneurysm
emerges.

Conclusion

Aneurysm is not a rare complication of extracranial CVM. In
CVM patients, it is important to treat CVM before an
aneurysm emerges. In addition to treatment for CVM,
regular screening for and appropriate management of
aneurysms in CVM patients are indispensable.
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Middle-term results of endovascular aneurysm repair in Japan:
does infraoperative endovascular management against the
hostile aneurysmal neck prevent the proximal type I endoleak?

K HCOSHINA L M, EATO 2, A, FHOBAKA 2, T MIYAHARA L A MIEKURIYS 2, N, OHEUBO ¢, T MIYATA L

Afr. Fodovasculay anenyyam repalr (EVAR) was first ap-

proved In Japap tn 2007 T order 1o avold the learsdng curve ¢
gepexrally seen Io the imitdal stages of mplemeamation, xm

have atned for procedurs] pexfection. As the proxioual 1ype
1endolkeak (EL} s assoclated with a higher risk of Iate cork

version and raptive, so we bave treated the fatraoperath

type 1 FL scrupulonsly. The bostile neck, which iskoown 10
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highreintervention rate, w}‘ric:}l ism aizﬂy cause a:‘g

by endoleaks (BLs). We have performed EVAR
with scrapulous care in order to prevent the de-
velopment of proximal perigraft leakags.

The tvpe I EL, which is defined as the per-
sistence of a perigraft aperture of blood flow
caused by an inadequate and mmeffective seal at
the proximal and distal attachment zomes,® has
been correlated with a higher risk of late conver-
sion | and mapture An inssperienced operator
sometimes overlocks the preximal type I EL, as
it is more difficalt to detect than the distal tepe.
Some skilled operators often leave s slight P o%d-
mal type I BEL bacause they have expexienced
that sach leakage is often stopped bya thrombus
within several days. However, we have atbibuted
the high reintervention rate due to the type I EL
to such incomplete procedures. We also belisve
that our intraoperative (intra-op)} management
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for the type I BL can consistently achieve good
results after the BVAR procedure

The hostile neck, which is kmowm to be a risk
for perdgraft leakage, is the focus of this studw
The anatcrmmical criteria, incloding the neck
length and neck angulation, which are thought
to be strongly related to the proximal type I BL,
vweere set by the commercially available devices,
We revealed the necessity of intra-op manage-
ment, ezpecially for those cases that did not ful-
fill the criteria regarding the aneurysmal neck. In
addition, we retrospectively examined the EVAR
cases, all of which were performed our simaple al-
gorithm agsinst the intra-op type I BL and show
the mdddle-term resalts.

Materials and methods

A series of 134 comsecutive patients who uns

derwent BVAR in Morinordva Hospital (Osaka,

By,

Japan) between Decernber 2008 and A{}g&}g% 200
were selected. Of these, 129 patients’i
contrast agents had been used intraoperatiely
were inchided in our stady. Two
me:x cially available devices WE]
o} were neateé wuth tfia 1

TYSImS: lj*mth a }ength 15 o 2) with an angle
of <80 relative to the long axis of the anenrysm;
amid 3) with an angle of =45° relative to the axis
of the suprarenalacrta, Bighty caszes satisfied the
criteria, and this group was classified as the on-
label group. The 49 cases that did not satisfy the
criterie were classified as the offlabel group.
The offlabel gromp included 14 cases of short
anrtic neck, 22 cases of severe suprarenal angu-
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“in swhom

lation, and 35 cazes of severs anewrvsn angula-
tHom, In cases where the distal landing ares was
too short, we usually extended the stent-graft leg
to the extermal iliac artery with hypogastric ar-
tery coil embolization. IF both the hypogasiic
arteries needed to be embolized, we performed
a contralatersl external fliac to hvpogastric ar-
tery bypass. To aveid the difficulties encor mterec‘i
while accessing the aneurysm with the device, v
often accessed vig the retroperitoneal appr@:&.a.,}_h
We evaluated ,the BL very carefully by per-
fozmng a comﬁlb Hom anglography, because the
TTany; gem&nt of the proximal tpe
impartant for avoiding futre
fe changed the angle of the
edly chcclxeé ﬁ"ﬁ‘ ﬁ;t;s:im_.m -

Whm 3 i" mmd of suspected a type I BL duur-
ing the"completion angiography, we firstlyper-
' Ubh up w'lth 3. serni- ff\nl“"*}l:l}la

cufks (’v{a_m body extension: ZemthTf*i or
A Ttic Bxtender Emcic:‘pmqme;r Excluder™} or
& PalmazT™ (Cordis, Johnson & Johnson, Japan)

' stent Insertion {Figure 1)

The TMP Lock-Balloon Catheter™ (Tokai
Medical Products Co., Kasugsi, Aichd, Japan]
and the Bgnalizer™ ”‘r&luom:c} Balloon Cath-
eter (Bostoni Scientific Co., Japan) are the most
frequently nzed semi-complant occlusion bal-
loons. Their material is relatively soft and their
inflaton pressure islow The Maxi-LDT (Cordis,
Jolmson & Johmson, Japan) is a non-cornpliant
PTA balloon with a high inflation pressure, Itis
very important to consnlt the compliance chart
before nsing this balloon. In order to av 03:2 the

risk of aortic dissecton, one should select the
balicon size whose diarneter is less than th" 18-
tive acrtic dismeter, When nsing a palmaz™
stent, one should also take the balloon size inte
consideration. The use of tco much pressar
and repeated tonchap should be avoidad,

r«r
)

a0l



Step 1

Fgure 1 ~Tvwo knds of stent -grafes were used in
AZ, TISAY and the Zenith endovasculary

{The TAIP Lock Balloon Cathetert
Inon Catheter [Bosten Sclemtifie’ Co,
Tohnson & Johnson, Fapan]).S
extension: Zenith™ or AorHc Bx

Palmaz

5
i

PO, Ow . TheK plan-Rleier life mbﬂevanaiy:% g
used to estimate the oversll g A

related mortality, and rate %
interveriion.

During the follow-up pericd, which ranged
from 12 to 40 months, no postoperative typs 1
ELs were detected. A greater number of intra-
op BELs were detected in the 27 cases of the on-
label group {27480 33%) than in the 28 cases of
the offlabel group (2849 579} (P=<0.01}. The
intra-op type I BL was cbserved in a greater
nimnber of patients in the off-label group than

Vol 30~ Mo, L

fﬂ’*’" { COOIMME%;;{CK} IN US‘-A
il {Tak‘x ‘Miédical Froducts Co., Kasi;

. TapenD. Steys 2: retouch up with
“stent (Cardis, T
erEnda;;ras*{hens Exclu ey Th

prozthesis (W1, Gore & Associztes,
1% c;uch up with «m-c:ompha,ni: b llon—;

hxw;m & T

1 the ondabel group {25 cases n the off label
group vs. 16 cases in the on-label group) (Ta-
bleI). Ancillary procedures were also performed
in & greater nuunber of patients in the off-label
group (Table 1},

When we focused on the prosimal type I BL,
78% {11/14 cases) of the patients who did not fit
the prostimal neck length adteria showed signifi-
cantly higher proporton of early type I BL than
those in the group that fit the criteria (Table 1)
The degres of neck angulation is a potential pre-
dictor for the proxzma} type I BL (Table I}

The anewnystn size decreased (=5 mom) in 70
cases {52%), mmchanged (within 5 rmm) in &
cases (47%), and increased (nore then 5 mmon) in
1 case (0.7%).

Type II BLs were found in 33 cases. Although
2 tvpel BLs remained sven after our 3 step algo-
rithm, neither of these BELswas detected with the
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TssLs L—The eovly type I EL was obsarved in a greater naumber of patients in the off-label group shan in the or-lakel group.
Anciflary procedares weve also perforned in a grester nauvker ﬂy’gaﬁmf:; in the off-labd group.

CGr-latel group (80 cases} Oif-labe] group {49 cmes)
Preeitnsl 16 {209} 25 {5186y (R 0.01)
Intraoperstive fubal 1 {1395) (8057 [p=0.17
type-1 eneloleaks Distal 11 (13%) 3 (60) (p=0.17)
Total 27 (339 28 {5790 {p=001}
Anzillary rmethods
Palrmsz™ shent ’ ) AT 3
Tamas T s 9 {1198) 24 {4895)* (P<0.01)
EBalloon BExchangs 7 {8%) {297 (P=0.01}
i 3 : ‘f@" ssid on the proximalvype [ EL, o greater
053 nnber fatientswho did nor fit the prozimal neo k;
0o lenpth Q?Xr@)’&.» s&*amﬁd sigrificansly }zzr{ﬁﬂar BF»:rmor of
g - 2 é‘a.f ELrha#, f&esg in the group rhar it the criterin,
=3 EAFLF VP 2 BORE
= B3 c degyee 'of neck ﬂ}zmam% isa po. \vnfﬂg ;?:-*&fmz‘w' for
®08 z‘i*s gro*mﬁmf type I E .
& 0I5 ' “‘fﬁﬁﬂmaﬁ?mcl EL
a7 : 30 dzes (2698)
? < ~y 35 3 ’ .
65 @ 45 W ¥ W a3 40 1 coses {75963
Follow-vp fme {mmontha) Te0.01 (X2=15.8)
3 . 23 crzex (2695
g 1395. Su;araza:nal 2 45 griclh 18 cases {42807
§ as anevrysmal neck 807
4 L S T T o Wl s Tl e I o
B os F=0.08 (X2=3 5]
g
g a
w07
I cases reguired reintervention (Ta-

ne graft Hmb occlusion and three graft
-'~ml;atﬁ:& cosmp}ir:stz'ﬁna axe shuﬂm, A}:zﬁf

: A‘a%:c:r;a} }eg of Exdudeﬁf‘* becsuce oE its ﬁfﬂ.&—
“{bility, There were no complications related to
the proximal neck,

contrast G? perffnned at 4 p@atop&:a
Three type I¥, ELs were foomd, No
ez showed any remmant of an BLAS
The all canze midrtality rateds show

I. The anewarysm related depthantesas zero, The
anetrysm-related reintervéntis

DHscussion

The stent-graft was first approved in Japsn i
ateisshowmin 2007, and the Japanese Committee For Stentgraft

«
Tap18 I —Parients list Gf" Fgin

drtention. Al the stent grafts wsed for the reintervention was contralateral| ez of ExchudeyT
bevause of its Feaibilivg

Age and gender Complication in%gn:ﬁl‘f Trestoeat zhfﬁﬂ??ﬁi?i: -

75 A Graft limb cocludan 12 Thrombectomy znd stent- Alive for 16 maonths
graft in=artion

83F Graftmigration and typel awd 2 endoleaks 12 Skenbgrafbinserticn Aliwe for 5§ months
Coil ermbolization

BF Graftroigration and impending rupture dus to 19 Stenbgrafbinserfion Aliwe for ¥ months

tyee I endolesk
TR AL Graftmigration and type 1 endoleak 12 Stembgraftinsertion Aliwe for 5 months
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Management (JACSA) was established with the
aimn of ensuring the safe and proper use of com-
rnercial stent-grafts followding their regulatory
approval s Stent-graft materials have improved
over the last two decades. Zendth™ and Bxclud-
er'™ were the first two devices intreduced to Ja-
parn. We were fully prepared to use these devices
amd aimed for procedural pexfection in order to
avold the lesyning crve gemerally seem inm the
initial stages of imp}emmmii on. In view of pre-
vions prospective studies of BVAR 12 we focused
em the importance of the type I BL and concen-
trated on its prevention. Therefore, we often used
suppertve devices, sach as the palmaz™ stent
or the acrtic caff, not only for cases of cbvicus
intra-op proximal type I BL but also for rernark-

ably difficult off-label cases {ie., neck length <10

T, or neck &ngul&ﬁ»:sn >Q0° }Eefore cemp}eno:n # smd}a }:ter:amse 2

TIEATY mversmg@y, we &Jd not mpmex}ce any
complications cansed by such p}'ocedureg —
:t‘&s Dras demonstrated among the EVAR p

tx“asa,a pressure, wh ich e
aptere 78 Ps;rod:i ,@m}i f’}z

sac, ami by c:@nﬁn:rz.mc‘ grel ogxadﬁ ﬂ@w ﬁom
the branches of the smm:gsan into the sac in the
late phase of the compleimn angiography, which
indicated the an intra-emewnrysm decompression,
We alzo emnployed completion snglography to re-
veal the stent-graft slignment,

Our endeavor to minimire perigraft leakage
was partly grounded in the fact demonstrated
by Li that sac pressure and AdA wall stress in-
creased in proportion to the size of the leakage
aperture. 19 On the contrary, Matsumura reported

Vol 33 - No. |

¢ supported by the report of Albertitd, who found

that 14 out of 28 cases that demonstrated inmital
BLs showed spontaneous sealingtt Heindicated
the beneficial effects of hemodynamical modi-
ficaton as a resnlt of the stent-graft inserton
itself, We also experienced one case im wihich
we left an intraoperative type I EL and the leak
spontaneously sealed postoperatively We gener-
ally expected good results, however, by complet-
ing our algorithm,

An intracperative evaluation of the proximal
type I BEL is difficuilt becanse the amount of con-
trast &gent pex criﬁgs—aacﬁmtx aTes was fle saat tlw

5F t}m mgt;lated g,rou}:a. Tfiu:is rasufxt was ;paztlgg

that the meck angulatom and meck diametsr
were significantly greater in patients who had a
prosimal type I BL, compared to patients w }il*
had nenet? A short, heavily calcihied and conical
anetmysmal neck & 12 was also reported as an in-
creased risk of the typeI BEL, which corresponds
with our results. Mohan pointed out that the
stent-graft oversize, as well as short sortic neck,
had close correlations with type I ELs.T Oversiz-
ing causes infolding of the stent-graft, which is
sometimes difficult to mend without addifional
device such as the palrmaz™ stent® We did not
experience such an infolding, however, possibly
becanse we used a &4 -slice CT and =3 . slices
for precperative sizing in all of cumr cases.

The hmitation of our study is that we did not
take the multi-factors of hostile neck, such as

INTERWATIONAL AMGIQLOGY



calcificadon or mural thrembns, into consid-

eration. &s such neck factors might be not in-
dependent, we shonld examine the data with
a multifsctorial analysis in the futre, using a
higher volume of patients.

The more than 7% free From reintervention
rate at three years was satsfactorily high. The
canse of postoperative reintervention in thres
cases was migration of the distal end attached
cm the commanon ilac artery. In ouwr study, we per-
formned cail embolization for the hypogastric ar

tery, followsed by estension of the stent-graft leg

to the external liac artery, for cases in which the
lending zone was <1 5man., Thisis thereason that
all cases fit the anatorndcal criteria of the distal
lending, Sorne cases, however, including these
three migration cases, had a tapered-shaped

commen {Hac artery, whose landing condition

miight contain the risk of migration. We hypoth
esized that if severe aneurysmal smgnlationisre:
madeled, the inserted stent-graft zmnht J}J“tmt

the angnlated site, resulting in the migrition of

the d:mt{i e:nd mf tize wtenw.aait We }mu}é fw-

that of other high voﬁr‘zme '
rate X thr&e "y‘f::LTS Was 8,

pilant om]u&on baﬁ COT1L 8
fr om Qne cuntralamm} ‘zi

| apy “0&{:}1 in the anga-
lated neck. Althongh a PTA non-complisnt bc’&—
loon is certainly guar s a brmer adherence
tw the aorte wall, it has tha risk of dissection
of the fragile atherosclerotic acrtc wall. We re-
ferred to the compliant chart of the balloom and
used an mndersized one compared to the native
aorta. A Palmaz™ stentwasused as a last resort
for persistent ELsS We believe that the asrtc
w,l”lf“ with its additional radial force, might be a

~od alternative to the PalmmazT™ stent, However,

change bwf a x,»ﬁm‘cmﬁate}:
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we have experienced certain cases for which we
conld not use the cuffs becanse of the sngulation
and shormess of the neck.

We need to comsider the cases of postopera-
tive tvpe I BLs that did net show any intra-op
ones. Sampic demonstrated 8 cases of tyvpe I BLs
among 202 BVAR patients.!3 Five cases did not
show any intra-op type I BLs, and the dme inter
vals after BVAR for these cases were 253, 155, 1,
1, and 21 days, respectively. We did not find any
such cases in oug study. However, we should pay
specific attention to those patents with hostile
follow-up.

ez.lw 1. meck
: mplete m*‘i .
ﬂmt ehmqu&s ’«Fvc".loﬁiﬁ

ofder to aveid intra-op complicatons
aortic dissection.

References

. Chaikof BL, Blenkenstelin JD, Harris PL, Whike 4H,
Zarinz CK, Bernhard WM ef 2l Reporting stendards
for endovescular sortic aneurysm repsir T Vasc Surg
200235 1048-60.
Hurris PL, Vallabhanent SR, Davg; mges P, Becquemin
TP, von Marmew ik C, Loheij RT et al. Incidence and rizk
factors of Iate FUPELI® CONRErSion and desth after en-
dovascular vepeir of nferens aordc aneurysIms: he
EUROSTAR experience Buwropsen Collaborators on
stentgraft fechnigues for aortic snsurysm repair F Vasc
Sarg 20003273549 )
. BEVAR wial participants: Endovascular anewr ysta repair
VEISUS open repsr o patents with sbdominsl acrtic
e ys (EVAR ma} i‘} rand mmissd controlled ninl
Lamoet 2003;343:2179
4. wan Murresdilk C,, Buth E » Harris FL, Morgran L, Mewsl -
steen &, Wyalt MG, Significance of sndoleaks after en-
devascular repzir of abdominzl aortic snewrysas The
EURCETAR exper 1@1}&: JWazc Surg 2002;353:861-7
5. Obitsu ¥, Ishiman S, Fhigenrstsn H. The sducaton sva-
teary Lo misster endova. xula: aortic repair in Japan -
Japanese Coramittes for Stentgraft Management. Bur 7
Sese BEndovees Surg 2010390 Suppl 11853
&, Dias NV, Resch T, Maline A%, Lindblzd B, Ix nncey I In-

Led

2201



rracperative proximal endolesks during AAS stemt-graft 11 Mplsomwrs F5, Moor WS, Clmical conssquences of

repal: evaluaton ofrisk factors and estment with Fal- periprosthetc lesk after end ovevoudar repadr of abdomi-
rinz stents. F Bndovase Ther 2001826873, nal nertde aneurysng. TVese Surg 1998;27:606-13.

7. Mohsn TV, Lubei} RY, Harris FL. Risk fectors for em- 12, slbherdni ¥, Kzllisfas S, Travis 3, Yomf SW, Macierewics
dodeaks mnd the evidence for stent-greft overdizing in JA, Whitaker 5C & 2. Apatonsicad risk fectors for proxi-
padents undergoing endovasouly ansurysm rapadr. Bur mal perigraft endoleaks and gradft migyadon Eollowing
F¥aasc Burg 20012103449, endovascudar repsir of sbdominsl zortic snswrysmz

8 Gchurink GW, Asrts NI, van Baulen T, Schultze Kool Eur T'Vase BEndovesc Surg 200012 308-12,

LT, wen Bocksl T3 Sent attachment sitevslated sn- 13, Sampis S, Panmeron JAL Aozes GI, Andrews 1O, Bow-
doleakage afrer stent graft beabnent an in vitro smdy ey TC, Xarla M et & Proximaal type 1 endolesk after en-
of the effects of graft size, stent typs, snd atheroscleratic dovascular abdominal rortic snewrvan repeir: predic-
well changes. FVasc Surg 199930065847, : dvefactors. Ann Vesr Surg 2004, 18:421-8.

2. Paodi 7C, Barguer R, Ferreira LA, La Muya R, Scherrner-
horn 8L, Intra-sneinysmal presmure sfter incompleteen. ————
dovesoidar exchesion, T¥Wasc Surg 2001;33:909-14. Corresponding suthor K Hoshins, Deparoanent of Vascalar

10, Li Z, Kleinstreuer C. Effect of mzjor endolesks on s Surgery, Tokye Univevsity Hospital, 7-3-1, Honge, Bunkyo-
stented abdorminel aortic snenrysm. J Biomech Eng  ku, 113-3844, Tokyo, Fapan.
2098123588 Bamail hoshinsew@ha-tokys 2o jp

Yol 20 - Mo, [ INTERNATIOMAT AGIOLOGY



Eur J Vasc Endovasc Surg (2010) 40, 559-563

A Retrospective Study of Intravascular Ultrasound
use in Patients Undergoing Endovascular Aneurysm
Repair: Its Usefulness and a Description of the

Procedure

K. Hoshina #P* M. Kato®, T. Miyahara?, A. Mikuriya®, N. Ohkubo ®,

T. Miyata ®

2 Department of Vascular Surgery, The University of Tokyo Hospital, Tokyo, Japan
® Department of Cardiovascular Surgery, Morinomiya Hospital, Osaka, Japan

Submitted 27 May 2010; accepted 24 July 2010

Available online 23 August 2010

KEYWORDS
Intravascular
ultrasound; e
Endovascular aneurysm
repair; o
Contrast agents

Abstract Objectives: To verify the usefulness and limitation of intravascular ultrasound
(IVUS) in endovascular aneurysm repair (EVAR),

Methods: A total of 112 consecutive patients, who underwent EVAR to treat abdominal aortic
aneurysms, were examined retrospectively. Of these, 33 patients were assigned to the IVUS
group because of renal failure, a suspected allergy to contrast agents or anatomical difficul-
ties; the remaining 79 patients were assigned to the non-IVUS group.

Results: Patients in the IVUS group required fewer intra-arterial contrast agents (IACAs) than
those in the non-IVUS group (67 34 ml vs. 123 £50 m{; p < 0.01). Blood loss and operation
time were comparable between the two groups. No patients died within 30 days of the oper-
ation. Three major renal complications occurred in the non-IVUS group. Renal deterioration
evaluated by chronic kidney disease (CKD) stage was found to a greater extent in the non-IVUS
group.

Conclusions: IVUS is a powerful auxiliary method in EVAR for reducing the required volume of
contrast agents. The combination of IVUS and IACA usage showed good overall performance;
thus, we propose the routine use of IVUS in EVAR procedures.

©® 2010 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Introduction

Refinements in endovascular techniques have steadily
improved perioperative survival rates among patients
undergoing endovascular aneurysm repair (EVAR).! EVAR
procedures require the use of intra-arterial contrast agents
(IACA), which aid in verifying aortic aneurysm morphology
and in identifying the ostia of renal and hypogastric
arteries. However, IACA are not recommended for use in
patients with renal dysfunctions or allergies to contrast
agents. Since the 1990s, intravascular ultrasound (IVUS) has
been used as an alternative to IACA.2™* Originally, IVUS
images had low accuracy,®™” but recent improvements have
resulted in very high-quality images of intra-aortic struc-
tures, which makes the use of IACA almost unnecessary,s An
additional advantage of IVUS is that it facilitates the
precise placement of stent grafts, because it is more
accurate in locating hypogastric arteries and renal
arteries,> which have parallax from the anteroposterior
(A-P) view rather than from angiography.

We retrospectively studied 112 cases of EVAR performed in
patients with non-ruptured infrarenal abdominal aortic
aneurysms. The purpose of this study was to examine both
the usefulness and limitations of IVUS, and also whether using
IVUS in cases of EVAR can reduce the amount of IACA required
without lowering the quality of the procedure. Furthermore,
we aimed to provide a detailed description of the basic steps
of the IVUS procedure to highlight its ease of use.

Patients and Methods

At Morinomiya Hospital (Osaka, Japan), 112 consecutive EVAR
procedures were performed on patients with non-ruptured
infrarenal abdominal aortic aneurysms (AAA) between January
2008 and November 2008. IVUS (Volcano Visions, PV 8.2F:
Volcano Japan Inc., Tokyo, Japan) was used in 33 cases (i.e.,
the IVUS group) for the following reasons: (1) anatomical
difficulties (16 cases; criteria included neck length < 15 mm,
peripheral landing length <10 mm, or overlapping aortic
branches, defined as any case where aortic branches could not
be clearly separated unless C-arm rotation of more than 45°
was used), (2) renal dysfunction (14 cases; defined as serum
creatinine level > 1.4 mg dl™") or (3) allergy to contrast agents
(three cases). The remaining 79 patients received an EVAR with
IACA-only (i.e., the non-IVUS group). Age, gender, aneurysmal
diameter and co-morbid conditions of all patients are shown in
Table 1. We also examined the factor of aortic wall condition.
Shaggy aorta was defined by the presence of mural thrombus
more than 3/4th of the circumflex of the thoracic aorta or the
abdominal aneurysmal neck. Three shaggy aortas were
observed (two thoracic and one abdominal) in the IVUS group
and 21 (eight thoracic and 13 abdominal) in the non-IVUS
group. Follow-ups of all cases continued for 12—24 months,
postoperatively. No patients experienced severe allergic
reactions to the contrast agents.

Two kinds of commercially available devices were used
in this study: a Gore Excluder® AAA endoprosthesis (W.L.
Gore and Associates, Newark, DE, USA) and a Zenith®
endovascular graft (COOK Medical Inc. Bloomington, IN,
USA). There were no definite criteria that dictated device
selection. In general, we preferred to use the Excluder® for

AAA with angulated aortic morphology because of its flex-
ible stent framework. On the other hand, we preferred to
use the Zenith® for AAA in cases of short aortic necks
because its bare top stent facilitated firmer fixation.

The IVUS procedure steps used are summarised here.
First, the bilateral common femoral arteries were exposed
and a 9-F sheath introducer — the lowest profile adjusted to
the 8.2-F of the outer diameter of the IVUS transducer — was
inserted retrograde. A soft guidewire was used to introduce
a calibrated pigtail catheter, graduated in centimetres, up
to the thoracic aortic arch. The guidewire was then replaced
with a stiff wire followed by IVUS insertion. IVUS was used to
locate the renal arteries and hypogastric arteries by mapping
them on the monitor; then, IVUS was switched to the cali-
brated catheter to determine the length of the main body.
IVUS was introduced using the monorail system. In patients
receiving IACA, a 4-F sheath was inserted into the left
brachial artery to introduce the 4-F pigtail catheter, which
was positioned with its tip near the ostium of the renal
artery. After deployment of the main body, the soft guide-
wire was cannulated into the contralateral limb. The
guidewire was replaced with the stiff wire, followed by the
IVUS insertion (Fig. 1). The length of the contralateral site
was determined by measuring the length from the edge of

Figure 1  Transducer of the IVUS was detected on the intra-
operative fluoroscopy. IVUS image showed the intra-aortic
structures.
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the main body to the site of the hypogastric ostium. Using
the same technique, we estimated the stent graft length
with the calibrated catheter. (Fig. 2) Finally, completion
angiography was used to check for proper alignment of the
stent graft and to confirm that there were no endoleaks.

In procedures without IVUS, IACA are usually required in
the following steps: (1) 20 ml of contrast agent from the
pigtail catheter for measuring the distance from the renal
artery to the ipsilateral iliac bifurcation before main body
delivery: (2) 15 ml for accurately measuring proximal non-
aneurysmal aortic neck length: (3) 10 ml from the femoral
sheath introducer system for taking the contralateral leg
measurement: (4) in the same way, 10 ml from the sheath
for taking the ipsilateral leg measurement (Zenith® only) in
the same fashion as (3): and (5) 20 ml from the pigtail
catheter for the completion angiography. When we used
the contrast agent according to the procedure mentioned
above, patients in the non-IVUS group and IVUS group
required at least 65—75 ml and 0—20 ml of IACA, respec-
tively. However, our primary focus was to avoid type |
endoleak rather than reduce the amount of IACA used.
Consequently, additional IACA was used to perform
multiple completion angiographies in some cases.

Renal function was defined using the CKD (chronic
kidney disease) staging system (National Kidney Founda-
tion/Kidney Disease Outcomes Quality Initiative — NFK/
KDOQI).? Severe renal deterioration was defined as more
than two down-staging.

Where appropriate, unpaired Student’s t-tests were
used to make comparisons between treatment groups.
Significance was defined as p < 0.05.

Results

Patients in the IVUS group received significantly less
IACA than patients in the non-IVUS group (67 &34 ml vs.
123£50ml; p<0.01). (Table 1) Furthermore, less IACA
(39 & 14 ml) was required for a subgroup of the IVUS group,
consisting of 17 patients with renal dysfunction or a sus-
pected allergy to IACA, for whom we specifically chose to
use IVUS to reduce their exposure to IACA.

As shown in Table 1, cerebrovascular disease, and
respiratory and renal dysfunctions were more often
co-morbid in the IVUS group - this indicates that patients in
this group were at higher risk for surgery.

Blood loss (IVUS vs. non-IVUS: 172+£135ml vs.
165+ 135 ml; p>0.05) and operation time (IVUS vs. non-
IVUS: 157+45min vs. 165476 min; p>0.05) were
comparable between the two treatment groups, indicating
that the IVUS procedure did not impose any additional
intra-operative surgical stress during the EVAR procedures.

No patients died within 30 days of the operation; there
were no IVUS manoeuvre-related complications. Two
patients, who had EVAR performed exclusively with IVUS,
received re-interventions during the follow-up period. Two
patients required dialysis after developing renal failure,
and one patient experienced a postoperative increase in
creatinine levels (up to 2.9 mg dl™") — all three of these
patients belonged to the non-IVUS group, had normal renal
function preoperatively and had shaggy abdominal and/or
thoracic aortas. In the IVUS group, no patients with renal

insufficiency experienced deterioration after the proce-
dure. CKD staging was examined in both groups. In the IVUS
group, five cases of down-staging (one case decreased by
two stages) and four cases of up-staging were found. In the
non-IVUS group, 29 cases of down-staging (4 cases
decreased 2 stages, and 1 case decreased 3 stages), and 14
cases of up-staging were observed. Renal deterioration was
found more frequently in the non-IVUS group (IVUS vs. non-
IVUS; 15% vs. 36%, p = 0.02). In the subgroup of IVUS that
suffered renal dysfunction or contrast allergy (17 cases),
there were two cases of down-staging (one case decreased
by two stages) and two cases of up-staging (subgroup of
IVUS vs. non-IVUS; 11% vs. 36%, p = 0.04).

EVAR was performed exclusively with IVUS in seven
cases. The average operation time was 134+ 108 min,
during which time 144 & 59 ml of blood was lost. Although
statistical comparisons were not possible, these values
were consistently lower than for the patients in the non-
IVUS group. There were one intra-operative wire trouble
and one postoperative complication observed in this
IACA-free group. The intra-operative wire trouble
occurred in an 86-year-old patient with a short aneu-
rysmal neck. We had planned to deploy a Palmaz® stent
{Cordis Corporation, Bridgewater, NJ, USA) into the stent
graft trunk. However, the edge of stent was hooked on
the flow divider and did not expand completely. After
confirming the patient’s peripheral flow, we terminated
the procedure. The single postoperative complication
occurred in a 63-year-old female patient with renal
insufficiency. The patient was re-admitted to our hospital
after complaining of pain in her left lower extremity after
undergoing EVAR without IACA 16 days earlier. Her
ankle—bracheal index (ABl) had dropped from 0.8 to 0.45
and an ultrasound revealed an occlusion in the left stent
graft leg. We performed a thrombectomy and found that
the stent had developed a kink. We also performed
balloon expansion for the kinked site.

Postoperative computed tomography (CT) angiography
revealed that the use of IVUS enabled accurate landing of
the devices within 5 mm of their targets in all 16 patients in
whom we encountered anatomical difficulties. In such
cases, we were able to use IVUS in combination with IACA
because patients had satisfactory renal functioning. The
use of IVUS allowed us to omit several steps of IACA,
although we had to use IACA to a greater extent for precise
device delivery in anatomically difficult cases. As a result,
there were no significant differences in the amount of IACA
used in the group requiring IVUS for anatomical reasons
(11843 ml) and in the non-IVUS group (123450 ml)
(p > 0.05).

Discussion

The 8.2-F monorail system of IVUS is a simple and less-
invasive auxiliary method. Our analyses indicate that there
were no significant differences in operation time or blood
loss between patients in the IVUS and non-iVUS groups. In
addition, IVUS catheter manoeuvres themselves did not
cause any major adverse events. Usage of IVUS does not
appear to have any contraindications for EVAR procedures,
nor does IVUS have any obvious drawbacks. We encourage
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the routine use of this technique because of its harmless-
ness and convenience.

IACA plays two important roles in stent graft delivery:
facilitating detection of endoleaks and verifying aortic
morphology. Incomplete endovascular exclusion causes
increases in intrasac pressure, leading to a high risk of late
rupture.®'" We confirmed the absence of type | endoleaks
by carefully observing any direct leakage into the aneu-
rysmal sac and by confirming any backflow from collateral
arteries (e.g., lumbar, inferior mesenteric and sacral
medial arteries) towards the sac.' We also employed
completion angiography to reveal the aortic morphology of
the deployed stent graft.

Initially, IVUS was mainly used for determining graft
size.>* Commercial stent grafts have been improved since
their usage began, and are now made in a variety of sizes
adapted to a wide range of .intra-operative situations. The
resolution in the early days of IVUS imaging was insufficient
for detecting aortic branches; one study found that both
arteries could only be detected in 63% of EVAR patients.? By
2003, IVUS techniques had become so efficient that some
claimed that angiography was not necessary.® However,
among the seven IACA-free cases of EVAR in this study, one
developed a leg occlusion 16 days after experiencing intra-
operative procedural difficulties. if we had used IACA, the
intra-operative procedures would have been easier and the
kinking would have been easily detected. Contrast-
enhanced ultrasonography could be useful in some cases for
detecting endoleaks, although it has some limitations;
obesity and bowel gas can interfere with scanning.
Furthermore, the examination is operator-dependent and
requires specific skills and training.”™ We are considering
the combined use of IVUS and contrast-enhanced ultra-
sound in cases of contraindication regarding contrast
agents. Another weakness of IVUS is that it is not useful for
independently confirming type | endoleaks, which are the
most common cause of postoperative rupture.'' For these
reasons, we conclude that we cannot confirm graft exclu-
sion accuracy without performing completion angiography.

Proximal type | endoleak is sometimes a problem in
cases of hostile aneurysmal necks."® Precise measurement
is critical for maintaining the landing area for as long as
possible. Slovut reports that the SOS catheter set in the
renal artery can minimise the number of cine runs needed
to verify graft positioning during deployment,™ which
results in a comparatively low renal artery occlusion rate
(0.6%). To avoid renal artery embolisation and dissection,
we did not use wire cannulation or balloon occlusion. In
addition, when we used the C-arm, we performed cranial
rotation to adjust the renal artery ostium parallax because
most infrarenal AAAs tended to meander in the ventral
direction. One of the potential benefits of combining IVUS
and IACA is the ability to double-check the precise position
of the stent graft.

Distal type | endoleaks caused by AAAs accompanied by
common iliac artery aneurysms can be very difficult to fix.
In such cases, we set the peripheral edge of the leg just
above the hypogastric artery ostium so that arterial flow
was maintained. A landing zone of at least 1 cm is neces-
sary, and precise placement is sometimes difficult because
the ostium of the hypogastric artery is separated from the
external iliac artery by the C-arm. In such cases, we usually

used IVUS for detecting the ostium site — this can be done
without the use of IACA.

Another important use of IVUS is measuring the distance
between aortic branches. In many cases of AAA, iliac
arteries in the IACA images overlapped with the ostium of
the hypogastric artery. To produce images that show a clear
separation of the branches, it was necessary to swing the
C-arm at exaggerated angles that were difficult for opera-
tors to achieve and maintain. Rotation of the C-arm also
increases both patients’ and operators’ exposure to intra-
operative radiation. Thus, using IVUS saves time and
energy, and creates a safer work environment.

Thus far, no drawbacks of IVUS usage have been identi-
fied. We found that both the IVUS and non-IVUS groups had
no mortality within the 30-day postoperative period, and
that there were no major operation-related complications
in the IVUS group, despite its higher co-morbid risk.

We successfully reduced the use of IACA. Furthermore, it
is interesting to note that renal deterioration was found
more frequently in the non-IVUS group, indicating the
beneficial effect of IVUS usage. However, the limitation
regarding the renal function is related to the ambiguous
and operator-dependent criteria of assigning patients to
the IVUS group. Indeed, there was a rough threshold of
creatinine level (1.4 mg dl™"). However, this should be
evaluated with glomerular filtration rate (GFR) and CKD
staging, preoperatively. We should take the causes of renal
dysfunction into account when evaluating results. There
are assumed to be two causes of renal dysfunction: neph-
rotoxicity in response to contrast agents and nephropathy
due to cholesterol crystal embolisation (CCE) — both can be
difficult to distinguish. Contrast agents induce renal vaso-
constriction and interfere with water and sodium absorp-
tion by the renal tubules, leading to increased vascular
resistance and decreased GFR." In cases of chronic renal
insufficiency, contrast agents are excreted more slowly,
which in turn increases the risk of nephrotoxicity,'®

Shaggy aorta is thought to be a strong risk factor for
CCE." In the present study, all three individuals, who
experienced renal deterioration, had shaggy aortas above
their renal arteries. Because these patients had previously
demonstrated good renal function and belonged to the non-
IVUS group, it appears that CCE and the use of contrast
agents might have been responsible for these renal failures.

Previously, carbon dioxide (CO;) angiography was used
as an alternative method to IACA in patients with
pre-existing renal dysfunction.'®® In the present study, we
opted to use IVUS for device deployment to reduce the
volume of contrast agent required for the procedure. In
addition, we used conventional IACA to perform the
completion angiography. Although CO, angiography is not
currently used by many endovascular surgeons, its ability to
produce high-quality images and reduce the risk of
complications is noteworthy.'® In addition, some authors
report that CO, angiography is highly sensitive in pin-
pointing endoleaks, which is possibly due to the fact that
CO, fills the sac earlier due to its low viscosity.'” However,
some negative reviews of CO, angiography exist. For
example, Lee reports that renal arteries are not satisfac-
torily shown,"® whereas Chao points out that this technique
requires longer fluoroscopy and operating-room times and
increases exposure to radiation.' Therefore, while it does
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not seem that CO, angiography could completely replace
IACA, it might successfully be combined with IVUS to
improve EVAR performance.

In conclusion, IVUS is a powerful auxiliary method in
EVAR for reducing the required volume of contrast agent, as
well as saving the time and labour required for rotating the
C-arm, thereby reducing unnecessary radiation exposure
among both patients and operators. The quality and
simplicity of IVUS imaging has improved over the past
decade — it is both an effective and comparatively stress-
free method. However, exclusive use of IVUS carries a risk
of complications because it is not possible to evaluate
endoleaks and stent alignment. Thus, we recommend the
routine use of IVUS during EVAR procedures, but stress that
IACA are usually a necessary component of this technique.
Furthermore, we suggest that use of these two methods
should be determined on a case-by-case basis.
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Comments regarding "A Retrospective Study of
Intravascular Ultrasound use in Patients Undergoing
Endovascular Aneurysm Repair: Its Usefulness and
a Description of the Procedure”

The use of Contrast Enhanced Ultrasound for Intra-
procedural EVAR deployment completely eliminates
the need for nephrotoxic iodinated intra-arterial
contrast.

Dear Editor,

| was delighted to read your retrospective study using Intra-
vascular Ultrasound (IVUS) during EVAR stent-graft deploy-
ment' and commend you for describing a technique to
significantly reduce the intra-arterial contrast used. The
availability of EVAR and the number of patients deemed
suitable for these procedures is growing immensely. As
techniques evolve and become more complex, such as
fenestrated and branched grafts, the corresponding proce-
dure times and thus exposure to greater volumes of nephro-
toxic iodinated contrast and radiation?> also increases.

| agree that your IVUS technique will help with these
matters but will not eliminate them completely. In 2008 Dr
Dirk Clevert first described the use of real-time intra-oper-
ative microbubble contrast-enhanced ultrasound for EVAR
stent deployment and for post-procedural endoleak detec-
tion* (both immediate and late as part of a surveillance
programme). | have visited Munich and witnessed this
procedure that requires no intra-arterial contrast but does
require the use of much reduced doses of intra-procedural
angiographic fluoroscopy. More recently the German group
has published their longer experience and refinement of the
technique with a series of 17 patients® and compared this

group with 20 treated using “conventional EVAR” consisting
of iodine contrast media with intra-operative fluoroscopy.
The use of intra-operative microbubble contrast ultra-
sound for stent deployment completely eliminates to need
for any completion angiography or the use of any intra-
arterial contrast and significantly reducing the radiation
exposure, which IVUS does not appear to match. | look
forward to your further work that you allude to regarding the
combined use of IVUS and ultrasound contrast, but suggest
that this should not be limited to those with a contraindica-
tion to iodinated media but can be applied more widely.
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Response to comments regarding “A Retrospective
Study Of Intravascular Ultrasound Use In Patients
Undergoing Endovascular Aneurysm Repair: Its
Usefulness And A Description Of The Procedure.”

Dear Editor,

We thank Dr. Dindyal for his comments regarding our paper;
we have provided a response regarding the issue that he
had raised, mainly regarding the usefulness of contrast-
enhanced ultrasonography (CEUS).

DOI of original article: 10.1016/j.ejvs.2010.07.018.

DOI of original article: 10.1016/j.ejvs.2010.12.011.
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We are extremely pleased to obtain his endorsement for
our paper, which reports an intravascular ultrasonography
(IVUS) technique for reducing the use of contrast agents. We
agree that IVUS cannot completely substitute for contrast
agents with regard to completion angiography for detecting
endoleaks and that CEUS with second-generation contrast
agents would be a powerful diagnostic method. The devel-
opment of CEUS with second-generation agents would be
a great boon for patients with renal dysfunction or allergy to
contrast agents. Regretfully, in our country, health insurance
coverage for CEUS with second-generation contrast agents
has only been approved for hepatic diseases; this technique
is a more practical one because of the clear images obtained
and the durability of echo sound waves. Therefore, we plan
to use it in the near future after it is approved.

The complete substitution of conventional contrast
agents with CEUS has 2 disadvantages. Firstly, the reso-
nance in ultrasonography (US) may not be adequate for
detecting the orifices of the aortic branches.

CEUS appears to be adequate for detecting obvious
perigraft leakage and the pooling of endoleaks in the
aneurysmal sac. However, it is important to know which
branch of the aorta is causing the endoleaks.

In addition, we usually check the route (collateral
vessels) of backflow into the sac in order to prepare for
future re-intervention.

The resolution of the currently used CEUS technique may
not be adequate for detecting the lumbar artery or the
median sacral artery, and the artifact of colon gas may
impede precise examination. We agree with vyour

recommendation of preoperative simulation with the US
device; however, this requires skills and a lot of experience.

Secondly, evaluation of US imaging results is less
objective than that of fluoroscopy imaging results, i.e. US
imaging can be evaluated by only a small number of tech-
nicians. This is not desirable with respect to the training of
vascular surgeons in our institute for this technique as well
as with respect to the risk-management aspect such as
overlooking minor endoleaks.

However, the combination of CEUS and IVUS would
a powerful weapon for patients with aneurysms, in cases
where there is a contraindication for the use of contrast
agents. Our dream is the real-time three-dimensional
construction of each US cross section during surgery. If this
can be achieved, then CEUS can provide a complete and non-
invasive alternative to contrast agents.
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Abstract

Among 148 abdominal aortic aneurysm patients who
underwent endovascular aneurysm repair at our institu-
tion, two cases of graft limb occlusion (GLO) were iden-
tified and successfully treated with endovascular repair.
Guidewire cannulation against the occluded limb is the
most important aspect of the procedure. After a throm-
bectomy, balloon dilatation is performed followed by
stent-graft deployment. Various procedures such as
thrombectomy, thrombolysis, and extra-anatomical
bypass have been adopted for the treatment of GLO.
Our use of endovascular techniques, including overlap-
ping stent grafts, has some benefits, namely, better
patency of anatomical route revascularization,decreased
risk of ipsilateral shower embolization due to the stent
graft’s sealing over the irregular remnant thrombus, and
easy access to angioplasty for tortured iliac arteries.
However, shower embolization during catheter han-
dling or future fabric failure due to friction is the
potential complication associated with endovascular
techniques. Intravascular repair techniques and stent-
graft use should therefore be an early step of the GLO
treatment algorithm.

Key words Endovascular aneurysm repair - Graft limb
occlusion - Abdominal aortic aneurysm - Stent graft

Introduction

Graft limb occlusion (GLO) is a complication associ-
ated with endovascular aneurysm repair (EVAR) of
abdominal aortic aneurysms. The culprit thrombus is
thought to be caused by kinking of the stent graft or
tortuosity of the iliac artery;' however, the precise etiol-

Reprint requests to: K. Hoshina (address 2)
Received: February 23, 2009 / Accepted: June 24, 2009

ogy of GLO is still unclear. Although it is not a rare
complication, optimal therapeutic strategies are largely
unknown. In cases of acute occlusion, a thrombectomy
would be the easiest and most effective treatment strat-
egy. However, in cases of chronic occlusion, other
methods such as thrombolytic therapy or extra-anatom-
ical bypass are often adopted” because thrombectomy
of a hardened thrombus has an increased potential of
failure. Bare stent coverage is another treatment option,’
although this procedure might result in shower emboli-
zation of the remnant thrombus.

We herein report two successful cases of chronic
GLO treated by endovascular technique. We passed a
guidewire through the hard thrombus using various
methods. Thereafter, balloon dilatation and stent-graft
leg deployment were performed.

Case Reports

Case 1

A 7Tl-year-old man who had undergone EVAR for an
abdominal aortic aneurysm in December 2006 com-
plained of coldness and intermittent claudication in the
lower right extremity. He had also undergone graft
replacement for a right common iliac artery aneurysm
10 years before. The symptoms appeared in January
2008, when he underwent treatment for brain infarction
at another hospital, and GLO was diagnosed 3 months
later. On physical examination, the patient suffered
mild coldness and no pain in the lower right extremity.
The ankle-brachial index (ABI) at this time was lower
(0.5) than the ABI in the preoperative data (0.8). Com-
puted tomography (CT) angiography performed after
the EVAR procedure revealed no severe tortuosity of
the right graft limb (Fig. 1), while the most recent CT
displayed right GL.O from the flow divider at the bifur-
cation of the aortic endograft (Fig. 2). The cause of the
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occlusion was unclear from a hemodynamic perspec-
tive. A repair operation was performed in May 2008.
An open puncture of the right common femoral
artery was performed and a 6-F sheath was inserted. We
utilized both angled and straight 0.035-inch guidewires
in order to pass through the thrombus. After the can-

Fig. 1. Preoperative three-dimensional computed tomogra-
phy (3D-CT) scan revealed no evidence of severe tortuosity
of the right graft limb
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nulation, the puncture site was cut and extended under
hemorrhage control with a vascular clamp. A thrombec-
tomy was performed with a Fogarty thru-lumen catheter
(Edwards Lifesciences, Irvine, CA, USA), and a large
thrombus was removed. However, intra-arterial con-
trast agent revealed the irregular shape of the inner
lumen of the graft leg. After balloon dilatation with an
ATB Balloon Catheter (Cook Medical, Bloomington,
IN, USA), a 12-F sheath was carefully inserted. The
stent-graft leg (the contralateral leg of the Gore iliac
extender [Gore Medical, Flagstaff, AZ, USA]) was
overlapped from the flow divider to the external iliac
artery where the irregular internal lumen persisted. A
balloon catheter was used for touching up the stent
graft. After the procedure, the pedal pulse was palpa-
ble, and a CT scan revealed patent blood flow with no
endoleak (Fig. 3).

Case 2

A 63-year-old woman underwent EVAR for an infra-
renal abdominal aortic aneurysm with a Zenith
endovascular graft (Cook Medical) in July 2008. A
preoperative MR scan had shown severe tortuosity at
the terminal aorta (Fig. 4). The procedure was pet-
formed with intravascular ultrasound (IVUS) guidance
because of renal dysfunction, as her creatinine (Cr)
level was over 3mg/dl. An X-ray revealed kinking of the
left stent-graft leg, but the left femoral artery pulse was
palpable. Sixteen days after the operation, she was read-
mitted to our hospital complaining of coldness and pain
in the lower left extremity. Her ABI dropped from 0.80
immediately after the operation to 0.45 when she was
readmitted. A physical examination revealed coldness
of the foot, a weak right femoral artery pulse, and inter-

Fig. 2. The most recent CT revealed right
graft limb occlusion (A) from the flow
divider at the bifurcation of the aortic
endograft (B) to the external iliac artery
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mittent claudication after walking 10m. An ultrasound
scan showed severe stenosis of the left leg. The symp-
toms did not worsen, and the repair operation was per-
formed two months after the EVAR.
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The procedure was performed with IVUS guidance.
The guidewire passed easily through the occluded
lumen. A 4-F guiding catheter also passed over the flow
divider along the guidewire. After confirming no blood
pressure gradation between the radial artery and the
level of the flow divider, a thrombectomy was performed
with a Fogarty thru-lumen catheter. Balloon angioplasty
was also performed to correct the kinking (Fig. 4). A
Gore iliac extender was used to overlap the left leg.
After the procedure, the ABI improved to 0.85. There
was no indication of any endoleaks on an ultrasound
scan. An X-ray revealed that the previous kinked stent
graft was straightened.

Discussion

Graft limb occlusion after EVAR is a relatively common
complication. We confirmed GLO in 2 of 148 cases
(1.3%), which is slightly less than the rates reported in
other studies,"™* possibly because we have the benefit
of recent technological improvements. Maleux et al.
reported nine GLO cases, among which three were
treated with thrombolysis or stent insertion, five were
treated with operation, and two were monitored.’
According to the algorithm of the Trans Atlantic Inter-
Society Consensus (TASC) 2, a thrombectomy is the
first option for acute thrombosis.” However, as a throm-
bus in a stent graft lacks plasticity, it is difficult to
remove completely and additional treatment is often
necessary. An extra-anatomical bypass procedure, such

Fig. 4. A Intraoperative angiography
revealed kinking of the stent-graft leg.
B Balloon angioplasty was subsequently
performed
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as a femorofemoral bypass graft, would be the second
option. However, this procedure is controversial because
the patency is relatively low.” We chose to employ intra-
vascular techniques for the treatment of GLO in order
to achieve better patency by revascularization of the
anatomical route. Furthermore, this procedure is less
stressful for patients than open surgery,” and the bal-
looning of the stent graft can crush the remnant throm-
bus.® Finally, stent grafts can straighten tortuous iliac
arteries. The use of bare stents can also bring about the
same results,® but it may also cause shower embolization
to the ipsilateral site from the crevice.

Shower embolization to the contralateral site during
catheter handling is a possible complication of the pro-
cedure we utilized. We carefully observed the contra-
lateral femoral pulse during operations in order to avoid
embolization. The risk of future fabric failure by rein-
forcement of the stent has also been suggested as a
possible complication.! However, using the same mate-
rial for the stent-graft leg may minimize friction. The
narrowing of the internal lumen is another potential
problem of stent graft overlapping. Overlapping more
than three times may cause reocclusion of the vessel.
Touching-up with a noncompliant balloon may be nec-
essary to create enough pressure on the overlapped
site.

Cannulation of the occluded site is very important for
the success of the procedure. We have found that guide-
wire cannulation is often possible within 2 or 3 months
after limb occlusion. In Case 1, the thrombectomy was
successful even after several months had passed. Various
types of guidewire should be employed in order to pass
through the thrombus. We usually initially use an angled
Radifocus Glidewire (Terumo Medical, Shizuoka,
Japan) and then carefully change to a straight guidewire
to avoid arterial wall dissection. For better control of
the guidewire, a thick, hard guiding catheter should be
advanced around the thrombus edge.

Upon successful cannulation, a thrombectomy is
usually possible. If the balloon catheter passes through
the thrombus, a sheath thick enough to introduce the
stent graft should be inserted. An additional stent-graft
leg is subsequently deployed, and ballooning for touch-
ing up and angioplasty should be performed. Regarding
the type of stent graft, we think that the structure and
arrangement of the Gore Excluder endograft (Gore
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Medical) might be more tolerable than that of the
Zenith endograft in regard of vascular tortuosity.

Regarding the possible causes of GLO, Carroccio et
al. suggested that the condition was due to device
kinking, migration, or device elongation to the external
iliac artery." In Case 2, kinking of the left leg was shown
in the X-ray. This kinking should have been corrected
during the initial operation. The kinking was manipu-
lated and dilated using balloon angioplasty during the
subsequent operation. If either kinking or a tortured
iliac artery is noted, balloon angioplasty should be per-
formed in order to prevent future GLO. Furthermore,
a completion angiogram with the least amount of con-
trast medium should be performed to ensure the success
of the procedure. However, the patient in Case 1 was
not at risk for GLO from a hemodynamic point of view.
It was assumed that GLO occurred concurrently with
the patient’s brain infarction. Hemoconcentration fre-
quently occurs in such situations, and might have caused
the GLO in Case 1.

The present study indicated that intravascular repair
techniques and the use of stent grafts should be an early
step of the GLO treatment algorithm. However, careful
follow-up for these cases is necessary, because the sub-
sequent vascular patency has only been proved for up
to 12 months.
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