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Figure 2.

The course of disease as shown through changes in chest axial computed tomography

(CT) scans. A: On admission, the CT image showed visible mediastinal soft tissue swelling originat-
ing from the aortic arch with mediastinitis (white arrow). B: Day 14, the swelling of the aortic arch
appears to have improved. C: Day 33, a pscudoaneurysm with periaortic infiltration (white arrow)

visible in the upper mediastinum. D: Day 40, the aortic arch aneurysm was more dilated than the

previous day (white arrow).
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Figure 3. Ga-67 and CT fusion imaging. A. Ga-67 image
shows abnormal accumulation at the upper mediastinum.
(black arrow) B. Ga-67 SPECT and CT (Fig. 2A) fusion image

of the infected aorta (red region).

Figure 4. Chest longitudinal magnetic resonance imaging on
day 34, The image clearly shows a saccular aneurysm in the
aortic arch.

rysms being of the mycotic type (1-4); the incidence of my-
cotic aneurysms in the aortic arch is even lower (5). Infected
aorta is also notoriously difficult to diagnose, and its detec-
tion requires strict attention to the patient’s symptoms. It
can be caused by the following: 1) formation of mycotic
aneurysms secondary to septic microemboli in the vasa va-
sorum; 2) extension from a contiguous infected focus; 3) he-
matogenous seeding of the intima during bacteremia origi-
nating from a distant infection; and 4) direct contamination
following trauma to the arterial wall (6, 7). Most infected
aortic atherosclerotic aneurysms occur in elderly men. A
large percentage of patients have underlying diseases or
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other relevant factors that increase their risk of the develop-
ment of arteriosclerosis. These disease or factors include
diabetes mellitus, hypertension, heavy smoking, or long-term
corticosteroid therapy (2, 4, 7, 8). In general, the arterial in-
tima is very resistant (o infection; however, if this intimal
lining is altercd by atherosclerotic plaques or ulcers, resis-
tance of arterial intima to infection is lowered, and its sur-
face may become colonized by blood-borne organisms. Sec-
ondary infection of a pre-existng aneurysm occurs most
commonly in the abdominal aorta, the site of 70% of such
cases, because this portion of the aorta is most frequently
and severely damaged by atherosclerosis. Both ascending
and descending aortic aneurysms individually account for
about 15% of secondary infection cases (9). When primary
bacteremia is the cause, it most commonly originates from a
distal infection in soft tissue or an infection in the lung,
bone, or joint tissue. At the site of a preexisting aneurysm,
the wall of the aorta is thinned and can be further weakened
by focal acute and chronic inflammation; therefore, this site
is as likely to develop into an infected pseudoaneurysm, as
is its propensity to rupture (2-7, 10).

Approximately 60%, of infected aortic aneurysms are
caused when a previously atherosclerotic vessel is colonized
by gram-positive organisms, while 35% are caused by gram-
negative bacilli colonization, especially salmonellae. Staphy-
lococci are implicated in 40% of cases overall; more
than two-thirds of which involve Staphylococcus
aureus (1-4, 6, 9). In the present patient, we suspected colo-
nization by methicillin-resistant Staphylococcus aureus, be-
cause VCM and linezolid were effective but CTRX was not.
Patients with infected aortic aneurysms usually also have
leukocytosis and increased CRP, but these associated condi-
tions are nonspecific. Occult-infected aneurysms have also
been identified in patients with fever of unknown origin.

CT, MRI, and Ga-67 scintigraphy are modalities that have
been used to localize intra-arterial infections (11-14). CT
conveys anatomical information and SPECT reveals func-
tional changes; these two modalities may be used comple-
mentarily. Thus, a Ga-67 SPECT/CT fusion image was quite
useful in establishing the diagnosis for this patient. Our di-
agnosis of infected thoracic aorta was based on the patient’s
fever and elevated inflammatory signs along with the Ga-67
SPECT/CT fusion image. As infected aortic aneurysms usu-
ally develop rapidly even while the patients’ inflammatory
signs are improving, follow-up CTs are very important to
determine whether an aneurysm is forming (2, 4). The pos-
sible routes of pathogenesis and the speed of growth in my-
cotic aneurysm remain unclear (1, 2). In the present case, a
severe arteriosclerotic plaque was seen on the inner surface
of thc aorta during the operation, which was much more
than that was extensive than that revealed by CT imaging.
We conjecture that sclerotic plaque became infected when
the bacteremia developed and the aortic wall was subse-
quently ruptured by the infection (1), and also that the pseu-
doaneurysm had developed rapidly even though infection
was controlled. It thus follows that, one should not rely on
the results of imaging alone for the understanding and treat-
ment of infected aortic aneurysms.

Infected aortic aneurysms usually require treatment with
both intravenous antibiotics, and surgical excision, because
antibiotic therapy alone is usually insufficient. The mortality
rate among patients with infected aortic aneurysms treated
with antibiotics alone has been reported at 16% -
44% (5, 15). The critical points in the management of in-
fected aortic aneurysm are the optimal timing of surgical
procedure and the antibiotic strategy. The incidence of vas-
cular complications was shown to be clearly associated with
ruptured aneurysm and exlensive periaortic infection at the
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time of surgery (1, 2). Thus, complete excision of the af-
fected aorta is the key to curative treatment (5, 16). Cases of
successful endoluminal treatment of mycotic aortic aneu-
rysms have been also reported (17, 18). In general, surgical
procedures are associated with substantial mortality rates as
well as a risk of recurrent infection although there are scv-
eral exceptions (16, 19). After surgery, survival is primarily
influenced not by the type of reconstruction but by the
status of ancurysmal rupture; about 30-50% of aneurysms
are reported to rupture (1, 2, 5, 16). The outcome is worse
when the aneurysm has already ruptured or penetrated, and
when it penetrated leading to formation of pseudoaneurysm.
The required length of the follow-up period is not well es-
tablished; recommendations range from 6-12 weeks to life-
long (1, 2, 4, 6).

In conclusion, increased clinical awareness of this condi-
tion among practitioners, immediate and follow-up CT
evaluation, and prompt surgical intervention under appropri-
ate and intensive antibiotic therapy appears to offer the best
chance of survival for patients with infected aortic aneu-

rysm.
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Three-Dimensional Architecture of Cardiomyocytes and
Connective Tissue in Human Heart Revealed by Scanning
Electron Microscopy
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canning electron microscopy is a useful modality to directly
S observe the 3-dimensional structures of cells at high resolu-
tion. Scanning electron microscopy enables visualization of the
surface features of cardiomyocytes after removal of the sur-
rounding connective tissue! and the connective tissuc skeleton
aller removal of the nonfibrous elements.” In addition, backscat-
tered electron emission with heavy metal staining® helps to
provide high-quality images of the intracellular architecture of
the cardiomyocyte.

In this study. we present the 3-dimensional structure of the
human left ventricular myocardium from subjects without ap-
parent cardiac abnormalitics at the time of autopsy. Backscat-
tered electron emission provides a high-contrast picture of the
subsarcolemmal sarcomeres and intercalated discs as seen in
longitudinally arranged cardiomyocytes (Figure 1A). The car-
diomyocytes arc seen to be branched and connected with the

adjacent cells via intercalated discs. At higher magnification. in
the sarcomeres, the A bands can be identified as broad bright
zones, the T bands are seen as dark zones. and the Z bands are
demonstrated as indistinct thin lines in the middle of T bands
(Figure 1B).

After the removal of the nonfibrous elements, interstitial
connective tissue surrounding the cardiomyocytes and small
vessels can be clearly observed (Figure 2A). The perimysium,
located around the bundle of cardiomyocytes, and the endom-
ysium tether surrounding the individual cardiomyocytes are
clearly demonstrated* (Figure 2B and 2C). At high magnifi-
cation, collagen fibers are identified as forming a complex
network and providing the strength sufficient to support the
3-dimensional structure comprising cardiac muscle fibers and
neighboring vascular tissues (Figure 2D).

Figure 1. Backscattered electron imaging of normal human left ventricular cardiomyocytes. A, Intercalated discs (arrows) and sar-
comere striations are clearly seen. Bar=50 pum; magnification x600. B, Higher magnification of the sarcomeres; A bands (arrow-
heads) are seen as broad bright zones, | bands as dark zones, and Z band (arrows) as indistinct thin lines in the middle of the |
bands. The schema is presented in the boxed area. Bar=10 um; magnification x3000. ID indicates intercalated disc; A, A band; |,
| band; and Z, Z band.
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Figure 2. Connective tissue skeleton of human heart (transverse section). A, The collagen network around cardiomyocytes and small
vessels is clearly observed. Bar=200 um; magnification <150 (thick arrow, perimysium; thin arrow, endomysium). B, The interstitial
connective tissue consisting of perimysial and endomysial components presents a honeycomb shape. The perimysium (thick arrow)
surrounds groups of cardiomyocytes, and the endomysium (thin arow) surrounds each cardiomyocyte. Bar=100 um; magnification
%300. G, The endomysium supports and connects individual cardiomyocyte fascicles. Bar=10 um; magnification x3000. D, At higher
magnification, collagen fibers show interconnections on the surface of cardiomyocytes. Thin collagen strands are probably coliagen I

(arrow). Bar=3 um; magnification x 10 000.
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Periodontitis and cardiovascular
diseases

Jun-ichi Suzuki', Norio Aoyama, Masahito Ogawa, Yasunobu Hirata,
Yuichi Izumi, Ryozo Nagai & Mitsuaki Isobe
University of Tokyo, Department of Advanced Clinical Science and Therapeutics, Tokyo, Japan

Periodontitis is characterized by gingival inflammation and periodontopathic
bacteria generate immunological inflammatory responses. Recent epidemio-
logical reports suggest that periodontitis is one of the key risk factors for
the onset of cardiovascular diseases. Several studies reported that periodontal
bacteria in cardiovascular specimens were frequently detected. We revealed
that patients with acute coronary syndrome showed significantly higher
serum IgG titers to a strain of periodontopathic bacteria compared with
patients with chronic coronary disease. Periodontopathic eria were also
present in a high percentage of specimens of sease@@rterl irom patients
with Buerger disease or abdomlnal aortlcézr’\eu ﬂg ggﬁjugh ﬁenodonto-
f At'of Fdiévasculair'@seases

as m&&&l been proug.fh In this
ﬁi‘%oﬁtopath ;es%athogens

5 i;aoth L@senmg Clinical signs of the disease are often
. ve):y“common disease in adults (1.2). Epidemiological
studu;s showyed\fhat perlodonnﬁs significantly increased the risk of cardiovascular

disease 1 data was adjusted for known CVD risk factors such
as smoki dxabetts, ertension and socioeconomic conditions, other points
might still apparent association. Levels of risk markers for CVD have

been rcportcd to be elevated in patients with periodontitis. Furthermore, animal
studies demonstrated an association between the prevalence of periodontal patho-
gens, bacterial products, periodontitis and the incidence of CVD-related events [7.5).
Although DNA from oral bacteria has been found in atherosclerotic plaque in
animal experimental models (9] and humans 110), the contribution of these bacteria
to plaque formation remains unknown. Periodontal pathogens and their products
were reported to be a trigger of the atherosclerotic process in animal studies (7.8).
However, their effects in the human system remain unclear. The release of host-
derived inflammartory mediators, such as cytokines from the chronically inflamed
periodontal tissues into the circulation, may provide a link berween periodontal dis-
ease and CVD [11,12). Altered serological profiles of risk markers in patients with
periodontitis may result from an invasion of bacteria. Additionally, entry of their
products from the periodontal lesion into the blood stream and the consequential
induction and maintenance of a chronic inflammatory state also contribute to the
progression of CVD.

10.1517/14728222.2010.511616 © 2010 Informa UK, Ltd. ISSN 1472-8222
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Periodontitis and cardiovascular diseases

In this small article, we review pathological and immuno-
logical influence of periodontal pathogens to CVD and
some promising methodologies for prevention of the disease.

2. Coronary arterial disease and periodontitis

Recent studies suggest that chronic inflammation plays an
important role in the development of coronary arterial disease
(CAD). Because periodontal disease is an enhancer of several
chronic inflammatory factors such as MMPs (13-15], an etio-
logical relationship between periodontal disease and CAD
was proposed. For these reasons, there is strong interest in
evaluating whether periodontal disease is independently asso-
ciated with CAD (16-18). Humphrey et al. revealed that peri-
odontal disease is associated with increased risk of CAD
using a meta-analysis (19). They concluded that periodontal
disease is a risk factor or marker for CAD, and is independent
of traditional CAD risk factors. Nakajima ez a/. also revealed
that periodontitis is associated with increased risk of CAD
through dysfunction of endothelial cells, induced by either
periodontopathic bacteria or their products (20, CRP concen-
trations were higher among patients who subsequently
developed myocardial infarction compared with those with-
out the disease. However, there was no report to elucidate
the relationship between specific gingival bacteria infection
and CAD.

We recently revealed that there is an association between
periodontitis and CAD, particularly acute coronary syndrome
(ACS). A total of 28 CAD patients participated in the study.
Coronary angiography, periodontal examination and dental
radiography were performed in all patients. Subgingival
plaque, saliva and blood samples were analyzed for the
periodontopathogens Aggregatibacter (formerly Actinobacillus)
actinomycetemcomitans, Porphyromonas gingivalis, Tannerella
forsythia, Treponema denticola, and Prevotella intermedia
using PCR. Specific serum antibody titers to the five peri-
odontal pathogens were determined by ELISA. We found
that 33% of the ACS patients harbored A. actinomycetemcom-
tans in oral samples, whereas no A. actinomycetemcomitans was
found in the patients with chronic CAD. Furthermore, ACS
patients showed significantly higher serum IgG titers to
A actinomycetemcomitans compared with chronic CAD
patients. Thus, we concluded that a specific periodontal
pathogens may play a crucial role in the development of
ACS 21).

3. Peripheral arterial disease and
periodontitis

There are several papers demonstrating the relationship
between peripheral arterial disease (PAD) and periodontitis.
Buhlin ez a4l revealed the association by determining the
plasma levels of some risk markers for PAD in cases
with periodontitis [22.23). Statistical analyses revealed a
significant association berween periodontitis and high levels

of C-reactive protein (CRP), fibrinogen, IL-18 and antibodies
against heat shock protein (Hsp) 65 and 70. They also showed
the effect of infection control of periodontitis on the preva-
lence of the risk factors. One year after the initial treatment,
IL-18 and other levels decreased. Thus, standard treatment
for periodontal disease induces systemic changes in several
biochemical markers that reflect the risk for PAD.

Chen et al also revealed that periodontitis was associ-
ated with PAD using tissue specimens (24]. They identi-
fied P. gingivalis, T. denticola, A. actinomycetemcomitans,
P. intermedia in tssue specimens taken from the anastomotic
site of distal bypasses PCR. In the study, periodontopathic bac-
teria were detected in 52% of atherosclerotic specimens. Severe
(Fontaine grade III or IV) patients showed higher detection fre-
quency of P. gingivalis than mild (Fontaine grade II) patients.
After adjusting for age, sex, diabetes and smoking, periodon-
titis increased fivefold the risk of having PAD. They also
showed that periodontitis was associated with increased serum
IL-6 and TNF-0. concentrations.

Buerger disease also showed the significant relationship to
periodontitis. Iwai ez al. revealed that DNA of oral bacteria
was detected in 13 of 14 arterial samples and all oral samples
of patients with Buerger disease [25]. While T. denticola was
found in 86% of the arterial samples, other pathogens were
found in 14 to 43% of the samples. A pathological examina-
tion revealed that arterial specimens showed the characteristics
of an intermediate-chronic-stage or chronic-stage lesion of
Buerger disease. They reported that the patients with Buerger
disease had high prevalence of severe periodontitis with
higher serum IgG dters against T. denticola, P. gingivalis
and A. actinomycetemcomitans 126]. They also found that the
patients had increased titers of serum anti-cardiolipin antibody
compared with healthy subjects (27). These results suggest that
periodontitis influences the development of PAD.

4, Aortic aneurysm and periodontitis

Abdominal aortic aneurysm (AAA) is a common and lethal dis-
order in the aging population (28,29]. Inflammation and MMPs
appear to play a crirtical role in AAA development and progres-
sion (30 Human AAA tissue samples demonstrated severe
inflammatory infiltrates in both the media and adventida 31,32).
An increased expression of MMPs has been observed in human
aneurysm tissue specimens (33-37]. It is well known that MMPs
play key roles in periodontal diseases. Periodontopathic bacteria
generate host immunological inflammatory responses, thus
resulting in the secretion of cytokines and MMPs (3], and
eventually leading to the extracellular matrix destruction of
the periodontal tissues [39]. Some studies reported the detection
of periodontal bacteria in AAA specimens. Periodontopathic
bacteria, especially P. gingivalis was present in a high percentage
of specimens of AAA and were also found throughout the
whole aneurysmal wall (40). Thus, periodontopathic bacteria
may play a role in the development of AAA, but the influence
of these bacteria on the aneurysmal wall has not yet been
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proven. To determine the effect of the periodontal microorgan-
ism on the AAA, we made a novel murine AAA model, which
was produced by the periaortic application of 0.25 M CaCl,.
The mice received inoculations of either live P. gingivals,
A actinontycetemeomitans or vehicle. Four weeks after the appli-
cation of CaCly, the P. gingivalis-challenged mice showed a
significant increase in the aortic diameter in comparison with
the vehicle control mice while the A. actinomycetemcomitans-
challenged mice showed no significanc increase. Immunohisto-
chemically, the CD8- and MOMA2-positive cells and the
level of MMP-2 in the aneurysmal samples of P. gingivalis-
challenged mice were also significantly higher than that
inoculated with vehicle. We found that the P. gingivalis,
but not A. actinomycetemcomitans, infection accelerated the
progression of AAA due to the increased expression of MMPs
{Aoyama N, unpublished).

5. Vitamin D is a key factor for periodontitis
and cardiovascular diseases

Although vitamin D is well known to regulate calcium and
phosphorus metabolism, it also has a physiological effects
beyond its role in skeletal homeostasis. Recently, it was
revealed that vitamin D is an immunomodulator which tar-
gets various immune cells, and modulates both innate and
adaptive immune responses. Thus, vitamin D plays a crucial
role in maintenance of immune homeostasis [411. Several epi-
demiological studies have linked inadequate vitamin D levels
to 2 higher susceptibility to immune-mediated disorders (42431,
including cardiovascular diseases 1441, It is believed thar main-
taining adequate viamin D levels might in part prevent
these common diseases [45]. It has been reported that low
serum vitamin D levels were independently associated with

Suzuki, Aoyama, Ogawa, Hirata, lzumi, Nagai & Isobe

periodontal and cardiovascular diseases (46.47). Notably, vita-
min D insufficiency is associated with increased circulating
CRP levels, and vitamin D supplementation decreases circu-
lating CRP levels 148]. Thus, the elevated CRP levels observed
in periodontal and cardiovascular disease might be a surrogate
for vitamin D insufficiency.

6. Conclusion

In this brief article, we have demonstrated the relationship
between periodontopathic pathogens and cardiovascular dis-
eases. We have also elucidated that each gingival bacterium
caused different condition of cardiovascular diseases.

7. Expert opinion

Although several periodontopathic bacteria play a serious role
in the development of cardiovascular diseases, the influence of
these bacteria has to be elucidated because of the lack of
appropriate investigations. Thus, further expetimental and
clinical studies should be conducted to elucidate the patho-
physiology and relationship between periodontitis and cardio-
vascular diseases. Meanwhile, clinicians should optimize the
periodontal conditions in patients with cardiovascular risk
factors for primary and/or secondary prevention. Finally, it
is plausible that this simple treatment of periodontitis might
provide as much or even more benefit than the standard
treatments for cardiovascular diseases.
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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 slent 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 77-year-old man who had undergone EVAR for an
abdominal aortic aneurysm in December 2006 com-
plained of coldness and intermittent clandication in the
lower right extremity. He had also undergone graft
replacement for a right commeon 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 GLO f{rom the flow divider at the bifur-
cation of the aortic endograft (Fig. 2). The cause of the



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 per-
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.

Fig. 3. Postoperative 3D-CT demonstrated patent blood flow
of the right graft limb

A

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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KEYWORDS Abstract Objectives: To verify the usefulness and limitation of intravascular ultrasound

Intravascular (IVUS) in endovascular aneurysm repair (EVAR).

ultrasound; Methods: A total of 112 consecutive patients, who underwent EVAR to treat abdominal aortic

Endovascular aneurysm aneurysms, were examined retrospectively. Of these, 33 patients were assigned to the IVUS
~ repair; group because of renal failure, a suspected allergy to contrast agents or anatomical difficul-

Contrast agents, 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 ml; 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.
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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.>™ 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.® 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 mgdl~") 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

_79_.

Table 1 Patients’ characteristics.
IVUS Non-IVUS p-value

Age
Gender 75.1 £ 8.6 744+89 N.S.

(Male/Female)
AAA diameter(mm) 52.8+9.9 51.14+10.9 N.S.
Risks .
Cardiac 5 (15%) 9 (11%) N.S.
Cerebrovascular 7 (21%) 5 (6%) 0.02
Respiratory 9 (27%) 5 (6%) <0.01
Renal 14(42%) 2(2%) <0.01
Device
Excluder® 24 39
Zenith® 9 40

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.



