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Objectives: A strong degree of co-existence between coronary artery disease (CAD) and abdominal aortic
aneurysm (AAA) is widely acknowledged, however, it remains to be elucidated whether the existence of
CAD is associated with an accelerated expansion rate of AAA. Also, the relationship between preoperative
CAD and postoperative major adverse cardiovascular events (MACE) has not been examined in Japanese
patients. The aim of this study was to investigate the deleterious effects of CAD on the progression of
- AAA and the onset of postoperative MACE after elective AAA repair.

g;’ll)words‘ Methods and results: A retrospective cohort study of 665 consecutive Japanese patients who underwent
AAA elective surgical repair for infrarenal AAA at 2 high-volume Tokyo hospitals from 2003 through 2010
MACE was performed. Preoperative CAD was shown to be a significant determinant of postoperative MACE (HR
Expansion rate 2.29; 95%C1, 1.12-4.66; p=0.02). In the analysis of 510 patients for whom there were at least 2 follow-up
CT scans of the size of their AAA before repair, the existence of CAD was shown to be inversely associated
with the accelerated expansion rate of AAA.
Conclusion: This study on the patients undergone elective repair for infrarenal AAA identified an inverse
association between the existence of CAD and progression of AAA as well as the significant impact of
preoperative CAD on the occurrence of postoperative MACE after elective AAA repair.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction contribute to the detection and/or follow-up for AAA, particularly at

the asymptomatic stage, thereby improving the therapeutic effec-

Abdominal aortic aneurysm (AAA) is a common condition,
occurring in 5% of older men [1] and 1% of older women [2]. Some
AAAs remain quiescent with little growth or regress whereas others
continue to expand and eventually rupture [3,4]. About half of the
patients with a ruptured AAA die before they reach the hospital [5]
and elective repair of AAA is known to confer a significantly lower
in-hospital mortality rate than emergency repair [6-10]. When the
maximum diameter of an AAA exceeds the threshold, the likelihood
of a catastrophic rupture increases. Identification of the clinical
characteristics related to AAA formation and/or expansion could
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tiveness for this disease.

On the other hand, in Japan, there is no systematic popula-
tion screening for AAA, thus, asymptomatic AAAs are most likely
to be identified incidentally during an annual health check-up for
“healthy” people or during an extensive clinical examination of
patients with coronary artery disease (CAD). The high detection
rate of AAA in patients presenting with CAD can be explained by
the strong correlation between atherosclerosis and AAA [11,12].
How is the association between the AAA expansion rate and CAD?
The risk factors for the AAA expansion, which are not necessarily
identical to those for the AAA formation, have been investigated.
Smoking [3.4] is well-known to be associated with the accelerated
expansion rate for AAAs and diabetes [3,4] and peripheral arte-
rial disease [4] were reported to be associated with the slowed
AAA growth. However, it remains unclear whether the existence
of CAD by itself is associated with the accelerated expansion rate
of AAA.
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Patients with AAA have a higher prevalence of cardiovascular
risk factors, therefore, even after successful AAA repair, they remain
at increased risk for a major adverse cardiovascular event (MACE)
[13,14]. However, there is a lack of data on preoperative clinical
characteristics in Japanese patients that can be used to predict
MACE:s following AAA repair.

To address these issues, we performed a retrospective cohort
study in Japanese patients who underwent elective AAA repair at 2
high-volume hospitals in Tokyo. The aim of this study was to clarify
the relationships among the preoperative risks, expansion rate of
AAA, and the long-term prognosis after AAA repair, with a special
focus on the cardiovascular risks and events.

2. Methods

We conducted a retrospective cohort study of 676 consecutive
patients who underwent elective surgical repair for an infrarenal
AAA at the University of Tokyo Hospital or Sakakibara Heart Insti-
tute from 1 January 2003 through 31 March 2010. All study
participants were of Japanese ancestry. This study was approved
by the ethical committees of the University of Tokyo Hospital and
the Sakakibara Heart Institute Hospital.

The indications for and management of AAA repair were deter-
mined according to the Japanese Circulation Society Guidelines
(when an AAA was greater than 50 mm in diameter) [15] by the
vascular surgery team at each hospital. The size of the AAA was
evaluated by CT scanning before the surgery in all patients. AAAs
which were diagnosed as being a direct consequence of a specific
cause such as trauma (n = 2), infection (n =4), inflammatory disease
(n=2), or Marfan syndrorme (n=3) were excluded from the study.
After exclusion of these 11 patients, 665 elective repair cases for
non-ruptured AAA were enrolled.

In the patients receiving elective repair, preoperative coronary
angiography (CAG) were performed less than 3 months before AAA
repair (only 6 cases had no preoperative CAG). In this study, a
prior Ml and prior PCI/CABG were considered to be a disease onset
and procedure that had occurred more than 3 months before AAA
repair. A patient with CAD was defined as one who had a prior MI,
prior PCI/CABG, and/or coronary stenosis identified during a pre-
operative CAG. An indication of preoperative revascularization (PCI
or CABG performed following preoperative CAG less than 3 months
before AAA repair) was determined based on the condition of the
individual patient by the cardiologists and vascular surgery team at
each hospital. Prior to elective AAA repair, preoperative revascular-
ization was performed in 118 patients (PClin 65 and CABG in 53).In
the 2 participating hospitals, follow-up CAG is routinely scheduled
around 180 days after PCI and 1 year after CABG, however, it can
be performed earlier if needed. Information about target lesions,
PCI (e.g. device, technique), and the lesions at follow-up CAG were
reviewed by more than 2 cardiologists blinded to the study pro-
tocol. All other treatment and medication decisions were made by
the attending physicians based on the standard therapy accord-
ing to up-to-date guidelines and recommendations, without any
interventions by researchers.

The details of surgical management and patient clinical char-
acteristics before and after the AAA repair were obtained from
the medical records. ECG abnormalities were defined as the pres-
ence of abnormal Q wave, ischemic ST change, T wave inversion
or complete left bundle branch block [16]. Ex-smokers and cur-
rent smokers were defined according to whether or not they
had stopped smoking more than 1 month before the initial CT
scan. Hemoglobin, creatinine, C-reactive protein, and HbAlc were
measured immediately before the surgery. For the comparison of
baseline characteristics, serum levels of creatinine were calculated
after the exclusion of the patients receiving hemodialysis.

Follow-up ended on 30 September 2010. Medical records and
reports from the catheter laboratory were used to assess the
outcomes. Major outcomes were death from any cause and the
occurrence of MACEs, defined as a composite of cardiovascular
death, non-fatal acute coronary syndrome (ACS; myocardial infarc-
tion or unstable angina), and non-fatal cerebral infarction. During
the one month period following AAA repair, serum CK (creatine
kinase)-MB isozyme was routinely measured in order to detect
myocardial injury.

Next, the AAA expansion rate was determined in patients for
whom data were available from at least 2 follow-up CT scans before
elective AAArepair. Patients with a follow-up period <90 days were
excluded. AAAs exhibiting a saccular morphology or those accom-
panying dissection were also excluded.

Statistical analysis was performed with SPSS version 18.0 for
Windows. Baseline characteristics were compared by the t-test for
continuous valuables and chi-square test for categorical valuables.
Multiple logistic regression analysis was also performed to com-
pare the groups. Kaplan-Meier survival analyses with log rank and
proportional hazard model by Cox were performed to evaluate the
probability of freedom from MACE. All tests were two-sided with a
significance value of p <0.05.

3. Results
3.1. Study population and follow-up

We analyzed a total of 665 patients who underwent elective
AAA repair at the University of Tokyo Hospital or Sakakibara Heart
Institute Hospital from 2003 to 2010 after excluding 11 patients
according to the criteria mentioned above. The baseline character-
istics of the patients are summarized in Table 1. Mean AAA size at
the time of elective repair was 53.5 £12.2 mm.

Among these 665 elective repair cases, 576 patients received
open surgical repair (Y-shaped aortic prosthesis in 346 and aor-
toaortic tube in 230) and 89 underwent endovascular repair.

Average (+SD) follow-up duration for mortality and MACE was
800 + 742 days. The follow-up rate was relatively good (88%).

3.2. Preoperative variables associated with postoperative MACEs
following elective repair for AAA

In the present study, 33 post-operative deaths occurred among
the 665 elective repair cases. The 30-day mortality rate was remark-
ably low (6 cases, 0.9%). Ten patients died of a cardiovascular
cause after elective surgery during the follow-up period. Only 1
of these 10 cardiovascular deaths occurred within 30 days of the
operation. There were 49 MACEs, one of which was a silent myocar-
dial infarction detected by the elevation of serum CK-MB. In the
analysis of clinical characteristics related to postoperative MACE,
the preoperative existence of CAD as well as an ECG abnormal-
ity was found to be the only preoperative variables associated
with the occurrence of a MACE after elective AAA repair (HR
2.29; 95%(l, 1.12-4.66; p=0.02) (Fig. 1). In multivariable analysis,
after adjusting for age >65 years, gender, BMI>25, hypertension,
dyslipidemia, diabetes, current smoking, and hemodialysis, the
preoperative existence of CAD remained significantly associated
with the postoperative occurrence of a MACE (HR 2.91; 95%CI,
1.87-4.54; p<0.001). The HRs (and 95%Cls) for age > 65 years, male
gender, BMI>25, hypertension, dyslipidemia, diabetes, current
smoking, and hemodialysis were as follows: 1.12 (0.66-1.86), 0.68
(0.41-1.12), 0.92 (0.58-1.45), 1.04 (0.67-1.60), 0.82 (0.54-1.25),
1.28 (0.83-1.98), 1.64 (1.08-2.49), and 4.18 (1.94-9.00), respec-
tively. Postoperative MACEs were significantly more frequentin the
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Table 1
Baseline characteristics of the study population.
Total (n=665) CAD (+) (n=342) CAD (-)(n=323) p value (CAD(+)
vs. CAD(~))

Age (years) 73378 73.14+80 73.4+8.1 0.61
Male 550 (83%) 301(88%) 249 (77%) <0.01
BMI (kg/m?) 23.0+3.4 233435 227433 0.02
Hypertension 465 (70%) 250(73%) 215 (67%) 0.07
Dyslipidemia 316 (48%) 190 (56%) 126 (39%) <0.01
Diabetes 161 (24%) 95 (28%) 66 (20%) 0.03
Current or ex-smoking 433 (65%) 238 (70%) 195 (60%) 0.01
Hemodialysis 16 (2%) 12 (4%) 4(1%) 0.06
Family history of AAA 44 (7%) 22 (6%) 22(7%) 0.84
Family history of CAD 88 (13%) 55 (16%) 33(10%) 0.03
Previous myocardial infarction 22 (3%) 22 (6%) 0(0%) -

Previous PCI 96 (14%) 96 (28%) 0(0%) -

Previous CABG 61 (9%) 61 (18%) 0(0%) -

Existence of preoperative CAD 342 (51%) 342 (100%) 0(0%) -

Ischemic changes on resting ECG 307 (46%) 192 (56%) 115 (36%) <0.01
History of cerebral artery disease 86 (13%) 63 (18%) 23 (7%) <0.,01
History of COPD 138 (21%) 71 (21%) 67 (21%) 0.99
B. aB-blocker 179 (27%) 114 (33%) 65 (20%) <0.01
ACE inhibitor 63 (10%) 42 (12%) 21(7%) 0.01
ARB 227 (34%) 123 (36%) 104 (32%) 0.31
Calcium channel blocker 335 (50%) 179 (52%) 156 (48%) <0.01
All statins 185 (28%) 122 (36%) 63 (20%) <0.01
Strong statins® 113 (17%) 79 (23%) 34 (11%) <0.01
Hemoglobin (g/dL) 126+1.6 126+16 126+1.6 0.77
Creatinine (mg/dL)® 1.0+05 1.0£06 09+04 0.08
hsCRP (mg/dL) 06+1.7 06+15 06+19 0.92
HbA1c (NGSP) (%) 5.9+0.6 59+0.7 5806 0.17
AAA diameter at operation (mm) 53.5+£12.2 543+114 53.6+13.0 0.08
Saccular morphology 29 (4%) 14 (4%) 15(5%) 0.73
Dissection 38 (6%) 8(2%) 30 (9%) <0.01

2 Strong statins; atorvastatin, rosuvastatin and pitavastatin,
b Serum creatinine levels were calculated after excluding the patients receiving hemodialysis.

patients with preoperative CAD than in those without preoperative 4. Discussion
CAD (Suppl Figure 1).

In this study, we performed a retrospective cohort study in

3.3. Variables associated with the expansion rate of AAA

From among the 665 cases described above, 510 cases for
which there were at least 2 follow-up CT scans of the size of their
AAA available. The clinical manifestations of these 510 cases were
similar to those of the 665 cases above. Preoperative CAD was sig-
nificantly related to the postoperative MACE also in these 510 cases.

Evaluation of the variables significantly associated with an
expansion rate >5mmy/year revealed that the existence of CAD
was inversely associated with an accelerated expansion rate
(p<0.01) (Fig. 2). In multivariable analysis, after adjusting for
age >65 years, gender, BMI>25, hypertension, dyslipidemia, dia-
betes, current smoking, and hemodialysis, the existence of CAD
remained inversely associated with an accelerated expansion rate
>5mm/year (HR 0.55; 95%Cl, 0.32-0.94; p=0.03). The HRs (and
95%Cls) for age>65 years, male gender, BMI>25, hypertension,
dyslipidemia, diabetes, current smoking, and hemodialysis were as
follows: 0.84 (0.38-1.85), 1.88 (0.89-3.96), 0.82 (0.45-1.50), 0.97
(0.52-1.81), 1.02 (0.58-1.80), 0.88 (0.49-1.58), 1.77 (0.97-3.22),
and 1.85 (0.48-7.20), respectively. Although the administration of
statins was also inversely associated with an accelerated expan-
sion rate, that was not statistically significant after adjusting for
the existence of CAD. The expansion rates between the CAD group
and non-CAD group were compared for each 5mm interval range
of the absolute AAA diameter (Fig. 3). There was no significant dif-
ference in the follow-up duration or frequency of CT scans between
these 2 groups. The expansion rate of AAAs which were more than
40 mm in diameter was significantly greater in the non-CAD group
than in the CAD group.

665 well-characterized Japanese patients who underwent elective
surgical repair for infrarenal AAA at 2 high-volume hospitals and
demonstrated an inverse association between the existence of CAD
and an accelerated AAA expansion rate. In addition, preoperative
CAD was found to be associated with postoperative MACE following
elective AAA repair.

Since a strong co-existence of CAD and AAA [11,12] is
well-known, the existence of CAD makes it necessary for clin-
icians to examine the abdominal aorta. However, it is unclear
whether the existence of CAD by itself is potentially associated
with an accelerated rate of expansion of an AAA. We inves-
tigated the relationship between the AAA expansion rate and
the existence of CAD in 510 elective repair cases for which
at least 2 follow-up CT scans of AAA were available. Remark-
ably, AAAs expanded significantly more rapidly in the patients
without CAD than in those with CAD. AAA has been tradi-
tionally regarded as a consequence of atherosclerosis. Recent
work lends support to the concept that AAAs grow through
pathologic mechanisms that differ from those responsible for
athero-occlusive disease [17-19]. In our study, the counterin-
tuitive inverse association was observed between the existence
of CAD and the expansion rate of AAA. A decrease in ABI, a
measure of atherosclerotic burden [20], was previously reported
to be associated with slower AAA growth [4], however, the
present report is the first to demonstrate an inverse associa-
tion between CAD by itself and AAA growth. The similarity and
difference between atherosclerosis and aneurysm remain to be
further investigated. Practically, in the very least, a lack of docu-
mented CAD should never be the rationale for exemption from AAA
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Fig. 1. Hazard ratio of postoperative MACE in prespecified subgroups.

screening. Ultimately, to reduce AAA-related mortality, population
screening [21,22], with or without CAD, should also be recom-
mended in Japan.

After adjustment for the existence of CAD, dyslipidemia and
statin use were not significantly associated with the expansion
rate. Smoking is well-known to be associated with the accelerated
expansion rate for AAAs [3,4], leading to the recommendation for
smoking cessation to reduce the risk of AAA growth [23]. The reason
why smoking was not associated with expansion rate in our study
is unknown. It might be because our study was a hospital-based
retrospective study limited to the patients undergone elective AAA
repair, not an epidemiological screening study. Although a lower
prevalence of AAA as well as slowed AAA expansion in patients
with diabetes has been reported in many epidemiological studies
[3,4,24], in our analysis, diabetes was not inversely associated with
the expansion rate. Judging from the HbAlc values in our study,
the diabetic control was thought to be comparably good, there-
fore, the diagnosis as diabetes might not be related to the AAA
expansion. The inverse association between peripheral arterial dis-
ease (PAD) and AAA expansion rate was reported [4]. As patients’
data on the PAD could not be examined in our study, we could
not investigate the association among CAD, PAD and AAA expan-
sion. However, if possible, those data might profoundly imply the
relationship between atherosclerosis and aneurysm growth. Here,
statins, ACE inhibitors, ARBs, and 3-blockers, whose effects remain
controversial, had no significant effect.

Importantly, even patients who undergo successful elective
AAA repair remain highly exposed to the risk for CAD, which is a

predominant determinant of prognosis after AAA repair. Consistent
with previous reports [6-10], in elective repair cases, postopera-
tive mortality, particularly 30-day mortality, was comparably low,
whereas postoperative MACEs were frequently observed. In our
present study, preoperative CAD was shown to be an independent
predictor for postoperative MACE, which is a novel finding at least
in the Japanese patients. The adequate management of atheroscle-
rotic risk factors is essential for reducing postoperative MACEs and
improving the prognosis [25]. AAA repair should be recognized as
a sort of important stimulus to beneficial lifestyle modification for
reducing postoperative MACEs rather than a therapeutic goal [26].

Due to the inherent nature of retrospective studies, the possi-
bility of bias and confounding variables could not be fully excluded
from this study. As this study was limited to patients who had
undergone AAA repair during the study period, patients who did
not receive surgery due to the small size of their AAA with a slow
expansion rate and patients who refused or were unfit for AAA
repair were not included. Moreover, the 2 hospitals in our study
are specialist centres located in metropolitan Tokyo. Therefore,
the generalization of our results obtained at high-volume hospi-
tals to other populations must be made with caution. In a recent
large-scale study, the bimodal growth pattern for AAA was identi-
fied [3]. The fact that the expansion rate was fast and accelerated
according to the AAA diameter in our study might be consistent
with the study design limited to the patients who had under-
gone AAA repair. Indeed, small AAAs which remain quiescent could
not be well recruited in such a hospital-based retrospective study
like ours. In those subjects, the inverse association between the
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existence of CAD and the progression of AAA might not be the
case. In other words, our present findings could be applied only to
the AAAs which continue to expand. When the evaluation of AAA
diameter becomes routine in health check-ups in Japan, the rela-
tionship between the existence of CAD and the AAA expansion rate
can be epidemiologically investigated. In addition, in accordance
with Japanese Circulation Society Guidelines [15], the AAA repair
was performed when an AAA was greater than 50 mm in diame-
ter (mean diameter was 53.5mm in this study), which might not
be the case in western countries. Another major limitation is that
there could be 2-3 years lag between the initial AAA evaluation and
the preoperative CAG. In some cases, the findings of preoperative
CAG could not necessarily indicate that CAD had already existed
just while AAA was expanding.

We would like to discuss the several strengths of the present
study. There were no differences in the preoperative work-up,
indications for treatment of concurrent heart disease, or contraindi-
cations for AAA repair between the 2 participating hospitals. All
AAAs in this study were measured by CT scan, which is an excel-
lent modality for serially and accurately monitoring changes in AAA
size.

In this retrospective cohort study in Japanese patients who
underwent elective AAA repair, we unexpectedly demonstrated
an inverse association between the existence of CAD and the pro-
gression of AAA. In addition, preoperative CAD was shown to be a
significant determinant of postoperative MACE. Further investiga-
tions are warranted whether risk reduction for the prevention of
CAD could improve the cardiovascular prognosis after elective AAA
repair.
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Outcomes after Open Surgery and Endovascular Aneurysm Repair for Abdominal
Aortic Aneurysm in Patients with Massive Neck Atheroma
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WHAT THIS PAPER;ADDS

ARTICLE INFO ABSTRACT
Article history: . Objective: We retrospectively analysed surgically treated abdominal aortic aneurysm (AAA) in patients
Received 11 July 2011 with massive atheroma in the aneurysmal neck and compared the outcomes of endovascular aneurysm
Accepted 28 November 2011 repair (EVAR) and open surgery (OS) to determine an appropriate strategy for massive neck atheroma
Available online 9 January 2012 cases

Methods: A retrospective study was performed in 326 consecutive patients who underwent EVAR and in
Keywort ‘1’5-' ) 247 patients who underwent OS. We defined massive neck atheromas if the following characteristics
Neck atheroma were observed: (1) thickness > 5 mm; (2) the circumference of the infrarenal aorta > 75%; and (3)

Cholesterol crystal embolisation
Endovascular aneurysm repair
Shaggy aorta

length > 5 mm. Twenty-eight patients (8.5%) in the EVAR group and 22 (8.9%) in the OS group met these
criteria. We modified the previously published reporting standards on the basis of the selection of
systemic and embolisation-related complications.
Results: Patients in the EVAR group had less intra-operative blood loss, shorter operation time, and
shorter hospital stays after the operation (P < 0.01). No perioperative deaths were observed in either
group. Major complications were categorised as early (in-hospital) or late (outpatient, within 6 months).
Five and three patients in the OS and EVAR groups had early complications, but the difference was not
statistically significant. In contrast, 7 patients in the EVAR group had late complications, compared to no
patients in the OS group (P = 0.01). Kaplan—Meier analysis revealed a significantly higher survival rate in
the OS group (P = 0.011). Two of the 4 patients with suprarenal clamping developed major complications.
Mild eosinophilia was observed in 10 patients in the EVAR group. Proteinuria occurred or worsened in 5
EVAR patients and 1 OS patient.
Conclusion: Compared to OS patients, EVAR patients with massive neck atheroma tend to develop late-
phase complications possibly related to cholesterol crystal embolisation. The clinical features of massive
neck atheroma patients receiving EVAR should be carefully monitored even after hospital discharge.

© 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.

Although shaggy aorta is considered to be an atheromatous
aorta with a spiculated and irregular appearance, it has not been

C e 1 . .
* Corresponding author. K. Hoshina, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8655, defined clearly.” Aortic Surge“f for shaggy a,orta via the open ?;
Japan. Tel.: +81 3 5800 8653; fax: +81 3 3811 6822, endovascular approach sometimes results in adverse events,™
E-mail address: traruba@gmail.com (K. Hoshina). Open surgery (OS) for patients with abdominal aortic aneurysm

1078-5884/$ — see front matter © 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.ejvs.2011.11.023
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(AAA) has traditionally required considerable efforts such as the
flushing of debris and suprarenal clamping to avoid atheromatous
embolisation. At present, OS for AAA patients has been replaced by
endovascular aneurysm repair (EVAR) after two large prospective
studies published in 2004 demonstrated excellent short-term
outcomes.>* In this endovascular era, there has been an increase
in the use of EVAR. However, we are concerned that this low-stress
technique is being used without carefully considering atheroma-
tous shower.

The infrarenal aneurysm neck is commonly the site at which
occlusion balloons are used for touch-up in EVAR procedures. If the
atheroma is squeezed and released from the neck, it can cause
shower embolisation. In contrast to OS, EVAR is performed in
a ‘closed space’ where atheromatous debris cannot be flushed out.
Therefore, we focussed on massive neck atheroma and hypoth-
esised that it is correlated to postoperative outcomes after EVAR.

In this study, we retrospectively analysed AAA surgical cases
with massive atheroma in the aneurysmal neck and compared
outcomes between groups of patients treated by EVAR and 0S. In
addition, we determined an appropriate strategy for massive neck
atheroma.

Patients and Methods

Two institutes participated in this study. From December 2006
to December 2009, 326 patients underwent EVAR at Morinomiya
Hospital (Osaka, Japan). Between January 2003 and November
2010, 247 consecutive patients underwent OS at The University of
Tokyo Hospital (Tokyo, Japan). These institutions collaborate in data
collection but have their own guidelines for procedure selection for
AAA. Most patients who were admitted at Morinomiya Hospital
underwent EVAR; the rate of EVAR among AAA operations was 95%.
By contrast, at The University of Tokyo Hospital, conventional OS
was the first-line treatment for several decades until the EVAR
procedure was first introduced in 2008. Thus, long-term follow-up
data were available retrospectively. The rate of the OS procedures
was still approximately 90% in this hospital.

The aneurysmal neck is defined as an infrarenal aorta with
a normal diameter; it is therefore a suitable location for the prox-
imal landing of the stent graft. In this study, we included patients
with a neck length more than 10 mm. The inclusion criteria for
massive neck atheroma were as follows: (1) thickness >5 mm, (2)
circumference of the infrarenal neck >75% and (3) length >5 mm
(axial section). The exclusion criteria were as follows: (1) cases in
which contrast computed tomography (CT) was not performed, (2)
juxtarenal AAA cases requiring branch reconstruction and (3) cases
in which rupture occurred. Twenty-eight patients (8.5%) who
underwent EVAR at Morinomiya Hospital (EVAR group) and 22
patients (8.9%) who underwent OS at The University of Tokyo
Hospital satisfied the inclusion criteria. Follow-up examinations
were performed until March 2011 (EVAR group: 3—45 months
(median, 22 months); OS group: 4-96 months (median, 62
months)).

To evaluate postoperative complications, we referred to the
reporting standards of the Ad Hoc Committee for Standardized
Reporting Practices in Vascular Surgery of the Society for Vascular
Surgery/American Association for Vascular Surgery.® From the list
of complications, we selected systemic and embolisation-related
complications to evaluate the short-term results. The standards
adopted three grades (1: mild, 2: moderate and 3: severe) for each
complication.” We focussed on the major complications (grades 2
and 3) (Table 1).

Patient demographics, including age, sex, the maximal antero-
posterior aneurysm diameter, statin use, aspirin use and the rates
of massive atheroma in the thoracic aorta are shown in Table 2.

Table 1
Classification and grades of complication severity.

Complication Grades

Deployment-related complication
Peripheral embolization

1 Resolution with embolectomy without
tissue loss

2 Minor tissue loss, including toe or

ray amputation

3 Major amputation or significant tissue loss
1 Resolved with oral antibiotics

2 Operative drainage, intravenous antibiotics
3 Major debridement or drainage with
laparotomy

Access site (wound) infection

Implant-related complication
Graft infection 1 Apparently resolved or controlled
with antibiotics

2 Graft removal with extraanatomic
or in situ repair

1 Resolved at primary procedure

2 Limited retroperitonetal repair

or thrombectomy

3 Bypass or conversion

1 Transient

2 Persistent but not disabling

3 Sufficiently disabling to necessitate
intervention

Limb occlusion

Buttock/leg claudication/
ischaemia

Systemic complication
Cardiac 1 Little or no haemodynamic consequence
2 Symptomatic necessitating intravenous
medication, percutaneous transluminal
coronary angioplasty. Stent therapy

3 Severe haemodynamic dysfunction
necessitating resuscitation, cardiac arrest,
or fatal outcome

1 Prompt recovery with medical treatment
2 Prolonged hospitalization or intravenous
antibiotics

3 Prolonged intubation, tracheostomy,
deterioration in pulmonary dysfunction,
02 dependence

4 or fatal outcome

1 No dialysis

2 Temporary dialysis, prolonged
hospitalization, permanently reduced
renal function

3 Permanent dialysis, transplant,

or fatal outcome

1 Temporary deficit with recovery

within 24 h

2 Delayed recovery, infarct on CT or
magnetic resonance, permanent deficit
with mild impairment

3 Severe impairment or fatal outcome

1 Anticoagulation therapy, inferior

vena cava filter

2 Surgical or lytic therapy

1 Anticoagulation therapy, inferior

vena cava filter

2 Haemodynamic instability, endovascular
or surgical therapy, or fatal outcome

1 Transfusion therapy

2 Surgical intervention or fatal outcome

1 Recovered without invtervention

2 Recovered with intravenous antibiotics
or total parenteral nutirition

3 Bowel resection, or fatal outcome

1 Resolution within 24 h

2 Resolution within 1 month or minor
permanent deficit, able to walk

without support

3 Major permanent deficit

Pulmonary

Renal insufficiency

Cerebrovascular

Deep vein thrombosis

Pulmonary embolism

Coagulopathy

Bowe! ischaemia

Spinal cord ischaemia

Massive atheroma of the ‘thoracic’ aorta was defined as an
atheroma with the following characteristics: (1) thickness >5 mm,
(2) circumference of the thoracic aorta >75% and (3) length
>100 mm.
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Table 2 Table 3
Basic demographics and preoperative characteristics of the EVAR and the OS groups. outcomes of the EVAR and OS groups.

Variables EVAR (n = 28) 0S (n = 22) P-value EVAR oS P-value
Age 75.8 + 6.3 74.7 + 8.0 0.60 Perioperative None None -
Sex (male:female) 27:1 19:3 0.19 mortality ’
Aneurysmal diameter Early complication 3 cases 5 cases 0.68
(antero-posterior){mm) 515+ 9.8 542 + 108 0.36 (in-hospital) Case 1 Renal (gr.2) Case 1 Renal(gr2) -
Massive thoracic atheroma 8/28 2/22 0.11 Peripheral (gr.2) Cardiac (gr.2)
Aspirin use 8/28 7122 0.80 Bowel (gr.2)
Statin use 10/28 4/22 0.17 Case 2 Renal (gr.2) Case 2 Spinal (gr.2)

Bowel (gr.2)
Co-morbidities Case 3 Renal (gr.2) Case 3 Cardiac (gr.2)
Elder age (>80) 8/28 7/22 0.80 Cardiac (gr.3) Case 4 Renal (gr.2)
Hypertension 17/28 16/22 0.37 Case 5 Bowel (gr.2)
Diabetes Mellitus 4/26 6/22 0.25 Late complication 7 cases None 0.01
Ischemic heart disease 5/28 11/22 0.01 (outpatient Case1 Renal (gr.3) - -
Cerebrovascular disease 4/28 3/22 0.94 within 6 mo) Peripheral (gr.2)
Chronic kidney disease 5/28 3/22 0.68 Case 2 Renal (gr.3)

Bowel (gr.2)
Glasgow aneurysm score 809+ 9.6 81.4 + 104 0.42 Case 4 Bowel (gr.2)

Patient co-morbidities including advanced age (>80 years),
hypertension, diabetes mellitus, ischaemic heart disease, cerebro-
vascular disease and chronic kidney disease as well as the Glasgow
Aneurysm Score (GAS) are shown in Table 2. The GAS is one of the
most useful methods for predicting the prognosis of patients who
undergo OS; it is defined by the following equation:
GAS = age + (17 for shock) + (7 for myocardial disease) + (10 for
cerebrovascular disease) + (14 for renal clisease).‘i'7 Our definitions
of cardiac, cerebrovascular and renal diseases are the same as those
described by Samy.®

Two 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). The Excluder and Zenith were used in
17 and 11 patients, respectively. Regarding the neck anatomy, nine
patients did not meet the instructions for use of the devices (length
>15 mum, neck angulation <60° and no severe calcification). None
of the 28 patients exhibited intra- or post-operative type I endo-
leaks. Touch-up using balloons for the proximal neck was per-
formed in all cases to prevent initial type I endoleaks. In the 0S
procedures, straight and bifurcated graft replacements were per-
formed in six and 14 patients, respectively. Suprarenal clamping
was performed in four patients; the clamping times were 12, 24, 49
and 59 min in these patients.

The eosinophil blood count and urine protein, which indicate
one of the clinical aspects of cholesterol crystal embolism (CCE),
were examined at three time points: preoperatively, during the
hospital stay and within 6 months after discharge. The extent of
proteinuria was graded as —, &+, 1+ 24 or 3+.

Differences between the two groups were analysed using
unpaired Student’s t-tests. All-cause mortality was calculated using
the Kaplan—Meier method. We used the log-rank test to detect
differences between the two groups. Values are reported as mean
(standard deviation (SD)). The level of significance was set at
P < 0.05.

Results

The EVAR and OS groups were comparable with respect to age,
sex, and almost all co-morbidities (Table 2). There were significant
baseline differences with respect to ischaemic heart disease and
short neck (P = 0.01). GAS was not significantly different between
these high-risk patient groups.

Patients in the EVAR group had significantly less intra-operative
blood loss (EVAR vs. 0S: 167 mi [124] vs. 1643 ml [1181]; P < 0.001),
shorter operation times (173 min [61] vs. 272 min [79]; P < 0.001),

Case 5 Bowel (gr.2)
Case 6 Renal (gr.2)
Case 7 Renal (gr.2)
Case 8 Renal (gr.2)

gr: grades; Renal: Renal insufficiency; Peripheral: Peripheral embolization; Bowel:
Bowel ischaemia; Spinal: Spinal cord ischaemia.

and a shorter postoperative hospital stay (10.8 d [5.5] vs. 20.6 d
[9.6]; P < 0.001). No perioperative death (30-day mortality) or
secondary intervention occurred in either group during the follow-
up period.

Major complications (grades 2 and 3) were included in this
study and categorised as early (in-hospital) or late (outpatient,
within 6 months). In the OS and EVAR groups, five and three
patients exhibited early complications, respectively; however, the
difference was not significant (P = 0.68). By contrast, the EVAR
group had seven patients who developed late complications,
compared to 0 patients in the OS group (P = 0.011; Table 3). Among
the seven patients with late complications, two had both initial and
continually worsening complications and were counted twice
(Table 4). Both cases with normal renal functions exhibited renal
deterioration leading to permanent dialysis. All five patients with
‘late’ renal complications had normal preoperative creatinine levels
(<1.0 mg dI™").

Among the five patients with early complications in the 0S
group, suprarenal clamping was performed in two; the clamping
times were 24 and 59 min.

The patency of the inferior mesenteric artery (IMA) and bilateral
hypogastric arteries (HAs) was examined with postoperative
contrast CT scan and ultrasonography. IMA was excluded in all

Table 4
Details of complications in the EVAR group. Two cases (case 1 and 2) had initial and
continuous worsening of complications and were counted twice.

Early complication Late complication

Case 1 Cr level got worse to 2.5 Permanent dialysis
Blue toe syndrome Blue toe syndrome got worse
Case 2 Cr level got worse to 2.5 Permanent dialysis
Ischaemic colitis Ischaemic colitis (remission
(severe diarrhoea) and progression)
Case 3 Temporary dialysis
Acute myocardial infarction
Case 4 [schaemic colitis
(severe diarrhoea and fever)
Case 5 [schaemic colitis
(severe diarrhoea and fever)
Case 6 Cr level got worse to 2.2
Case 7 Cr level got worse to 3.0
Case 8 Cr level got worse to 2.7
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patients in the EVAR group. Four patients exhibited lateral HA
occlusion; intra-operative coil embolisation was performed in three
patients, and the ipsilateral HA was originally occluded in one
patient. These four patients exhibited neither early nor late bowel
complications. In the OS group, one patient underwent IMA
reconstruction with bilateral HA ligature, and another patient
exhibited IMA and HAs occlusion; neither of these two patients had
any complications.

The overall survival rates of the EVAR and OS groups were
calculated using Kaplan—Meier analysis. The EVAR group had
significantly higher mortality than the OS group (P = 0.011) (Fig. 1).
The causes of death varied widely: one due to thoracic—aortic
dissection; two sudden deaths; one gastric perforation; one
gastrointestinal bleeding; one remnant gastric cancer; two lung
cancers and one of unknown cause in the EVAR group. No direct
relationships between late-phase complications and the cause of
death were found. Meanwhile, one case of pneumonia and renal
failure each were detected in the OS group.

In the OS group, preoperative percutaneous coronary inter-
vention (PCI) was performed in six patients; no patients received
PCl in the EVAR group. Coronary artery bypass grafting was not
performed in either of the groups.

Mild blood eosinophilia (absolute eosinophil count,
600—1500 cells/ul)® was not observed in the OS group but was
observed in 10 patients in the EVAR group; Three, six, and one
patients exhibited eosinophilia in hospital, after discharge, and
throughout the postoperative follow-up period. Neither moderate
nor severe eosinophilia (absolute eosinophil count >1500 cells/ul)
was detected in either group. Among the three EVAR patients with
early complications, only one exhibited eosinophilia after discharge
(Table 3). Among the seven EVAR patients with late complications,
the patients in cases 4 and 7 showed eosinophilia in-hospital; those
in cases 1 and 8 showed eosinophilia after discharge. Increases in
the urine protein levels were examined in patients for whom data
were available: one of 14 OS patients (& to 14) and five of 16 EVAR
patients (1+ to 3+, & to 3+, — to 3+, & to 1+, =+ to 3+).

Discussion

Aortic surgery for shaggy aorta sometimes results in cata-
strophic shower embolisation. Endovascular procedures are
considered a contraindication for atheromatous aorta because the
catheter and other endovascular devices can extensively ‘rake off’
atheromatous debris.!?>® However, very little reliable evidence
supporting the use of EVAR for shaggy aorta has been obtained in
large-scale studies. Furthermore, shaggy aorta has not been defined
clearly. In the present study, we defined a shaggy aorta as
a “massive aortic atheromatous thrombus” (infrarenal neck and
thoracic aorta) and validated this definition. At present, the specific
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Figure 1. The Kaplan—Meier curve shows superior overall survival in the OS group.
The log-rank test revealed a significant difference between groups (P = 0.011).

roles of endovascular procedures are attracting increasing atten-
tion; thus, it is necessary to understand the risks of manipulation-
related embolisation. We limited the follow-up period to within 6
months after procedures to evaluate complications because causal
relationships between manipulations and complications become
less clear beyond this time.

Gitlitz et al. first reported the use of EVAR in patients with
massive neck atheroma; they also conclude that the presence of
a neck atheroma may not necessarily be a contraindication to EVAR
because of the lack of primary endoleaks, migration and significant
distal embolisation.’® However, two patients (10.5%; 2/19) exhibi-
ted embolisation; one asymptomatic renal infarction and one
asymptomatic embolisation of the tibial artery. Available records do
not detail the time courses of complications including renal func-
tion and ischaemic colitis which might be due to CCE; therefore, the
conclusion regarding the suitability of EVAR for shaggy aorta may
require further investigation.

Interestingly, late outcomes in our study were clearly different
between the two groups despite the fact that early outcomes were
similar. We intuitively recognised that late complications (which
are usually included in short-term results) might be affected by
inflammation due to CCE. Clinical features resulting from shower
embolisation varied including abnormal kidney function, cuta-
neous findings (e.g. livedo reticularis), blue toe syndrome and
gastrointestinal ischaemia. CCE is a facet of such showers'! and
might result in delayed clinical symptoms. Weeks or months may
pass before scattering and migration of cholesterol crystals induce
an endothelial inflammatory reaction leading to complete
obstruction.®!!

Nine of the 10 late complications in the present study occurred in
two organs; the kidneys and the bowel. Renal dysfunction is thought
to be caused by two main factors: nephrotoxicity in response to
contrast agents and nephropathy due to CCE. Contrast agents induce
renal vasoconstriction and interfere with water and sodium
absorption by the renal tubules; this leads to increased vascular
resistance and decreased glomerular filtration rates.”? In cases of
chronic renal insufficiency, contrast agents are excreted at a slow
rate, which increases the risk of nephrotoxicity.’* By contrast,
massive crystals in the renal arterial tree exhibit a sub-acute time
course via an inflammatory reaction. They are difficult to distin-
guish, which may be the reason why most studies finding adverse
events after AAA repair do not distinguish renal dysfunction types.

We hypothesise that the bowel ischaemia found in the present
series was derived from a CCE scenario rather than from simple
blood-flow shortage. No HA-occluded cases (four, and two in the
EVAR and OS groups each) in this study exhibited bowel ischaemic
complications, which potentially supports our hypothesis.
However, ischaemic colitis itself results from the use of perioper-
ative antibiotics or haemodynamic realignment of colonic marginal
arteries. As in renal CCE, a definite diagnosis of colonic complica-
tions is difficult to make because it requires invasive organ biopsy.4
Since the onset of CCE is sometimes late and fatal, monitoring
clinical features even after hospital discharge and over-diagnosing
of CCE in EVAR patients with shaggy aorta should be performed.

For diagnostic methods less invasive than tissue biopsy, we
examined the laboratory data of eosinophil and urine protein. 31>
Among 29 patients in the EVAR group whose data were available,
10 patients (34%) exhibited mild eosinophilia, which might indicate
some inflammatory reaction after the catheter manoeuvre.
However, the time course of complications possibly related to CCE
did not coincide with eosinophilia. Therefore, eosinophil data is
only one of the non-specific prognostic factors for CCE complica-
tion. Similarly, proteinuria was more common in the EVAR group.
Although it is certain that proteinuria indicates deteriorating renal
function, it cannot be used as a very specific indicator of CCE!!
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The main limitation of the present study is that we did not
categorise the shapes and properties of the atheromas. Normally,
a protruding atheroma is easily exfoliated by wire manipulations. In
addition, a fragile atheroma, similar to a ‘soft’ carotid plaque, might
be present.’® A larger study is required to categorise the types of
atheromas; magnetic resonance imaging or intravenous ultraso-
nography may be useful for evaluating atheroma vulnerability.

In addition, massive atheroma in the thoracic aorta, which was
not significantly different between groups (P = 0.11) but probably
affected the co-morbidities in both groups, might affect shower
embolisation. In this study, it was difficult to evaluate the effects of
thoracic massive atheroma with the small number of patients. Five of
the eight patients in the EVAR group and none in the OS group had
postoperative complications. We cannot ignore the effects of the stiff
wire delivered up to the descending thoracic aorta or arch in a typical
EVAR manoeuvre. However, we think that complete obstruction and
touch-up on the atheroma-rich aneurysmal neck is far more
hazardous than the effect of the wire movement in the thoracic aorta.

In conclusion, compared to OS patients, EVAR patients with
a massive neck atheroma tend to develop very late-phase compli-
cations perhaps related to CCE. OS should be the first-line treatment
for massive atheroma because of its better outcomes than EVAR.
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KEYWORDS e o Abstract Objectives: Aneurysms associated with congenital vascular malformation (CVM)
CVM; - R comprise critical complication. We review our experience with extracranial CYM-associated
Arteriovenous ‘ aneurysms and attempt to clarify their clinical features.

Patients and methods: The prevalence, site, size and morphology of the accompanying aneu-
rysms of 48 consecutive CVM patients, who were managed at our hospital from 1999 to 2008,
were evaluated. After diagnosis or treatment, the patients were followed up, and the recur-
rence of aneurysms and patient survival were assessed.

Results: CVYM-associated aneurysms were found in 14 patients (29%). CVMs were classified accord-
ing to the Hamburg classification. The patients were classified into groups as follows: four (31%), in
the ‘predominantly arteriovenous (AV) shunting defect type’; eight (47%), ‘combined vascular
defects + predominantly AV shunting defects type’; and two (11%), ‘combined vascular defects
type’. All aneurysms except one situated at the CVM were saccular, whereas nine were fusiform
aneurysms; all the ruptured aneurysms and seven out of the nine enlarging aneurysms were
saccular. Surgical treatment was performed 8 times in six patients. During the postoperative
follow-up period, recurrence and an aneurysm rupture were encountered in one patient each.
Conclusion: Aneurysm is not a rare complication of CVM. It is important to treat CVM before the
emergency presents. In addition to the treatment for malformation, regular screening for and
proper management of the aneurysms in CVM patients are indispensable.

© 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.

.malformation; .
Aneurysm; o e
Congestive heart
failure; R
Surgical treatment’

Congenital vascular malformation (CVM) is a relatively arteriovenous (AV) shunts because of increased cardiac
rare disease. It can occur anywhere in the body, including output. Major bleeding is also one of the severe compli-
the cranium, face, abdomen or extremities, and can be cations. Patients also complain of brush or mass lesions,
potentially limb- or life threatening. Congestive heart leg-length differences, venous stasis symptoms and cuta-
failure (CHF) could be induced in the presence of neous ulcers.

* Corresponding author. Tel.: +81 3 5800 8653; fax: -+81 3 3811 6822.
E-mail address: tmiyata-tky@umin.ac.jp (T. Miyata).
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The treatment strategy for CVM should focus on both the
malformation and the secondary disorders. The goal of CVM
treatment, especially for the extra-truncular type origi-
nating at the early stage of embryogenesis, should be
complete destruction of the nidus that retains the mesen-
chymal cell characteristics. This includes occlusion of the
nidas and fistura or surgery followed by sclerotherapy using
ethanol to destroy the nidus and its mesenchymal cells to
eliminate the risk of recurrence. Ligation of feeding vessels
alone results in the enlargement of numerous smaller
feeding and draining vessels.! However, aggressive treat-
ment of CYM in the limb always carries a risk of limb loss.

Although a critical complication, CVM-associated aneu-
rysms have infrequently been described.? After experi-
encing a few cases of aneurysm rupture associated with
extracranial aneurysm rupture, we reviewed our experi-
ence and attempt to clarify its clinical features.

Patients and Methods

We reviewed 48 consecutive patients with extracranial
CVM, who were managed at the University of Tokyo Hospital
from 1999 to 2008. We diagnosed CVM in the patients on the
basis of clinical presentations and/or computed tomog-
raphy (CT), magnetic resonance imaging (MRI) and/or
conventional angiography. CVMs were classified according
to the Hamburg classification (Table 1)? of vascular anom-
alies and malformations. Aneurysmal lesions were defined
as follows: (1) saccular-form proptosis and (2) dilatation
more than twice the normal size. We evaluated the

Table 1 (A) Hamburg Classification®
vascular malformations (CVM)' — “types;:(B). ]
sification of CYMP: forms — embryologlcal subtypes
Predominantly arterial defects -~
Predominantly venous defects: -
Predomlnantly arteriovenous (
Predommantly lymphatlc defe
Combined vascular defects
(B) 8
Extratruncular form
Infiltrating, diffuse:
Limited, localized’
Truncular forms
Aplasia or obstruction
Hypop1351a aplaSIa hyperplaSIa

3

Localized (aneurysm)-

prevalence, site, size and morphology of the aneurysm
accompanying the CVM. We then assessed the growth or
recurrence of the aneurysm as well as patient survival
during the follow-up period; the follow-up visits were
conducted in an outpatient clinic once or twice a year.

Results

During the study, 48 patients (24 men and 24 women) with
a mean age (SD) of 37.1 (17.9) years at the initial visit were
diagnosed with extracranial CVM, that were located in the
body trunk in nine patients, in the upper extremity in 14
(right, seven; left, seven) and in the lower extremity in 31
(right, 16; left, 15). Multiple lesions were detected in five
patients: in the body trunk and left-lower extremity in two,
in the body trunk and right-lower extremity in one patient,
in the bilateral lower extremities in one and in the body
trunk and both right upper and lower extremities in one.
Fourteen patients (29%) had CVM-associated aneurysms. Of
these 14 patients, two (14%) exhibited New York Heart
Association (NYHA) grade Il CHF. On the contrary, 34
patients without aneurysms did not show any signs of CHF.
Each CVM was classified according to the Hamburg classi-
fication (Table 2). The patients with aneurysms were clas-
sified into the following groups: four (31%) patients in the
‘predominantly AV shunting defects type’; eight (47%),
‘combined vascular defects + predominantly AV shunting
defects type’; and two (11%), ‘combined vascular defects
type’. As per this classification, Parkes—Weber syndrome
(PWS) can be included in the ‘combined vascular
defects + predominantly AV shunting defects type’,

] TabIe 2 Patlent characterlstlcs

T 2424 ;
B 371 (range, 2- 82)

Diffuse (ectasia)' SN ‘ ‘ e

stage — extratruncular form; later stage - trun
b Both forms may ex15t together, may be comb

with haemangloma

,'defects type in: Humburg Cla551ﬁcat10n . :
LoE Combmed vascular defects type ]l‘l Humburg Clasmﬁcatlon
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whereas the Klippel—Trenaunay syndrome (KTS) can be
included in the ‘combined vascular defects type’. In each
of the ‘predominantly AV shunting defects type’ and the
‘combined vascular defects + predominantly AV shunting
defects type’, one patient was found to have CHF.

The demographic data of the patients with aneurysms
are shown in Table 3. Fourteen patients had a total of 24
aneurysms, of which all but one was situated at the CVM.
There were 15 saccular and nine fusiform aneurysms; all
the ruptured aneurysms and seven out of the nine enlarging
aneurysms were saccular in shape.

Our indications for surgery for CVM complicated by
aneurysm were as follows: (1) a ruptured or an impending
ruptured aneurysm, (2) an aneurysm enlarging during the
follow-up, (3) an aneurysm with the risk of distal embolism
with endovascular treatment and (4) CHF or uncontrotlable
bleeding expected to improve upon closure of the AV shunt.
Surgical treatment was performed 8 times in six patients
(patients #1—#6). During the postoperative follow-up
period, recurrence and an aneurysm rupture was encoun-
tered in one patient each.

Of the eight patients (patients #7—#14) who were fol-
lowed up without surgery, recent aneurysm enlargement
was observed in two patients (patients #10 and #13); they
were under consideration for surgical treatment. All
patients survived, and none underwent limb amputation.

Model cases of CVM-associated aneurysm are presented
below.

A case of ruptured aneurysm (Patient 1)

A 73-year-old woman with a CVM that was classified as
a ‘combined vascular defect + predominantly AV shunting
defects type’, had been conscious of the CVM in her left-
upper extremity since childhood. After her condition
was diagnosed 9 years previously, she discontinued her
hospital visits until the rupture of the aneurysm at her
left radial artery (Fig. 1(a)). She underwent emergency
aneurysmectomy with ligation of both inflow and outflow
vessels. An aneurysm that had also been discovered in her
left brachial artery was also discovered at that time, but
she had stopped visiting the hospital on her own. She

Table 3 The patients with the aneurysm associated

Patient:No.. . Age, . .- .CVM type: CVM locat

(admission Gende
number) - 7

1(1)
(2)
2(1)
2)

5 - 64,M

- 0 0N

11
12

13 47,M

 deteriorating -
- Heart: failure

rupture

C + AV, Combined vascu
Predominantly: AV shu
ClA, common iliac art
artery; f, fusiform; s, sac

2 The follow-up terms from th
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Figure 1
the ligation of inflow and outflow arteries.

presented again after 15 months with ruptured aneurysm
(Fig. 1(b) and (c})). Aneurysmorrhaphy and aneurysm isola-
tion were performed. No aneurysm recurrence occurred
thereafter.

A case of ruptured aneurysm (Patient 2)

A 50-year-old woman had a CVM in the rightupper extremity
since childhood. She had undergone surgical shunt closure
17 times at other hospitals. She experienced sudden
swelling of her right forearm immediately prior to the
admission to our hospital. After being diagnosed with
ruptured aneurysm in the right ulnar artery, she underwent
aneurysmectomy and AV shunt closure at our hospital. Six
months later, three new aneurysms developed in her right
forearm, and she subsequently received additional
aneurysmectomies.

A case of CYM-associated heart failure (Patient 4)

A 68-year-old woman with CVM that was classified as
a ‘combined vascular defects + predominantly AV shunting-
defects type’, was diagnosed with CHF. The CVM was located
in her left thigh, and the increased shunt flow complicated the

Patient 1. a, Physical findings of the left forearm. Marked swelling and purpura were observed at the forearm (arrow).
b, Angiography of the left forearm at the time of first rupture. The aneurysm of the left brachial artery was recognized at this time
(arrow). ¢, Illustration of the surgery performed to treat the rupture of the brachial artery aneurysm. The aneurysm was isolated by

CHF. she had aneurysms at the abdominal aorta, left common
iliac artery, left common femoral artery (CFA) and left deep
femoral artery (DFA). Dilated leftiliac and femoral veins were
also observed {Fig. 2(a) and (b)). Surgical disconnection of the
DFA from the CFA was simultaneously performed together
with CFA banding under blood pressure monitoring at the
ankle (Fig. 2(c)). After the surgery, the patient’s CHF
improved from 3rd to 2nd degree according to the NYHA
classification of cardiac performance, and her brain natri-
uretic peptide (BNP) level decreased from 552 to 246 pg ml™".
One year later, she underwent additional endovascular
treatments in her left leg by using a sclerosing agent for the
nidus and the feeding vessels.

A case of uncontrollable bleeding (Patient 6)

A 55-year-old woman with CVM that was classified as
a 'combined vascular defects + predominantly AV shunt-
ing defects type’, was admitted to our hospital because of
bleeding from the AVM at the top of her right finger. She
had an aneurysm at the right brachial artery (RBA).
Because the bleeding was difficult to control and the
aneurysm was large, she had undergone emergency
surgical aneurysmectomy with ligation of the RBA (Fig. 3).
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Figure 2 Patient 4. a,b, Preoperative computed tomography
angiogram (a, frontal; b, from the left side). The congenital
vascular malformation located at the left thigh was mainly fed
through the aneurysm at the left deep femoral artery (DFA)
(arrow). Aneurysmal dilatation was recognized at the abdom-
inal aorta, left common iliac artery, left common femoral
(CFA), and left DFA. ¢, Photograph after DFA cutoff (stump;
black arrow)and CFA banding (white arrow). CFA banding was
performed to monitor ankle pressure. After the banding,
pulmonary arterial pressure and cardiac output decreased from
36 to 34 mmHg and 8 to 6 L/min, respectively.

After the surgery, the bleeding could be controlled, and
the swelling of the CYM in her forearm and hand consid-
erably improved.

Discussion

Only a few reports of extracranial CVM-associated aneu-
rysms are available, including the report of Akagi et al. on
six cases of Klippel—Trenaunay syndrome.? Aneurysms
associated with CVM are not involved in either its clinical
classification® or its treatment indications, as propounded
by Schobinger staging.® Although the system of ref-
errals from other hospitals and clinics to our hospital

Figure 3  Patient 6. a, Physical finding of the right hand upon
admission because of bleeding from an ulcerative lesion at the
top of the first digit. b, Angiography; 2 aneurysms were
recognized at the right brachial artery (arrow).

mightpredispose our results to some bias, the present study
suggests that aneurysm prevalence was 29% in patients with
extracranial CVM, indicating that aneurysm formation is not
a rare complication of CVM.

The pathogenesis of aneurysm formation can partly be
explained by the congenital weakness of the vessel walls® in
CVM patients. In addition, the secondary reaction to the
abnormal haemodynamic stress caused by continuous high
pressure and high-flow turbulence might partly contribute
to aneurysm formation in CVM, especially in the presence
of AV shunts. The prevalence of aneurysm formation was
higher in patients with CVM and AV shunts than in those
without shunts. The reappearance of aneurysms shortly
after the resection in some patients with AV shunts may
support our suspicion.

We considered aneurysm rupture or enlargement as
indicator for the surgical treatment of CVM-complicated
aneurysms. The risk factors of aneurysm rupture in the
presence of CVYM have not been clarified, and the aneurysm
size, shape and growth rate should be taken into account
while considering surgery. In this study, we reconfirmed
that saccular-form aneurysms tend to enlarge or rupture.
Surgery is not the basis for treatment, but is part of
a multidisciplinary approach for treating patients with AVM.
In general, a myriad number of AV shunts, ranging from
microscopic to macroscopic in size, may occur in patients
with CYM. Major surgery for CVM contains significant risks of
bleeding and associated complications.” We restrict surgery
to CVM mainly for the treatment of accompanying lesions,
including aneurysms, bleeding and/or large AV fistula
causing CHF. Considering the possible need for repe-
ated treatment, minimally invasive techniques, such as
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