
Endovascular Aortic Repair (EVAR)
朱崧毓影像診療科部  ⾎血管介⼊入團隊  林⼝口長庚醫院



Nature History of AAA

sion or symptoms and so were censored before rupture
could occur, as previously noted.7 This issue was consid-
ered by Scott et al17 in analysis of 166 small AAAs with an
annual rupture rate of 0.7% for 3.0-4.4 cm AAAs and 1.7%
for 4.5-4.9 cm AAAs. Since some AAAs underwent elective
repair, they reported maximum possible rupture rates (ac-
tual rupture rate plus elective surgery rate) of 2.1% for
3.0-4.4 cm AAAs and 10.2% for 4.5-5.9 cm AAAs.

Although most patients with larger AAAs undergo
elective repair, Jones et al18 reported annual rupture rates of
12% for 5.0-5.9 cm AAAs and 14% for !6 cm AAAs in
higher-risk or older patients who refused elective repair.
Similar striking data relative to rupture risk of large AAA
were recently reported by Lederle and colleagues from the
ADAM trial data. The 1-year incidence of probable rupture
by initial AAA diameter was 9.4% for AAA of 5.5 cm to 5.9
cm, 10.2% for AAA of 6.0 cm to 6.9 cm, and 32.5% for AAA
of 7.0 cm or more.19 Thus, although there is agreement
that rupture risk is very low for AAAs !5 cm diameter, and
increases substantially by 6-cm diameter, there is consider-
able variation in estimates of actual rupture risk reported in
the literature for any specific AAA diameter (Table I).

The simple observation that not all AAAs rupture at a
specific diameter indicates that other patient- or aneurysm-
specific variables also affect rupture risk. In a multivariate
analysis, Cronenwett et al20 observed that increased initial
diameter, hypertension, and chronic obstructive pulmo-
nary disease (COPD) were independently predictive of
rupture in patients with small AAAs. By comparing patients
with ruptured and intact AAAs at autopsy, Sterpetti et al21

concluded that larger initial AAA size, hypertension, and
bronchiectasis were independently associated with AAA
rupture. Smoking was identified as a risk factor for rupture
in a study of male civil servants in England where the
relative risk of death from AAA rupture increased 4.6-fold
for cigarette smokers, 2.4-fold for cigar smokers and fully
14.6-fold for smokers of hand-rolled cigarettes.22

Important new information concerning AAA rupture
risk has been obtained from the UK Small Aneurysm Trial
data. In a cohort of 2257 patients with 4.0-5.5 cm AAAs,
the relative risk of rupture was independently increased by
female gender (3.0"), larger initial diameter (2.9" per
cm), current smoking (1.5"), worse COPD (0.6" per L
FEV1), and higher mean arterial pressure (1.02" per mm
Hg).16 In a review of ruptured AAAs from Finland, 24% of
women with rupture had AAA !5.5 cm.23 These results
confirm previous observations and suggest that a 5-cm

diameter AAA in a woman has an equivalent risk to a 6-cm
diameter AAA in a man.

Not only does a positive family history of AAA increase
the prevalence of AAAs in other first-degree relatives
(FDRs), but it also appears to increase rupture risk. Darling
et al24 reported that the frequency of ruptured AAAs in-
creased with the number of FDRs who have AAAs: 15%
with 2 FDRs, 29% with 3 FDRs, and 36% with 4 FDRs.
Verloes et al25 found that the rupture rate was 32% in
patients with familial aneurysms versus 9% in patients with
sporadic aneurysms. However, these studies did not con-
sider other potentially confounding factors, such as AAA
size, which might have been different in the familial group.

In addition to AAA diameter, many surgeons consider
the ratio of diameter to the proximal normal aorta poten-
tially important in determining rupture risk. Intuitively, a
4-cm AAA in a patient with a 1.5-cm diameter native aorta
would be at greater risk of rupture than a comparable 4-cm
AAA in a patient with a native aortic diameter of 2.5 cm.
The validity of this concept, however, has not been proven.
Ouriel et al26 suggested that a relative comparison between
aortic diameter and the diameter of the third lumbar verte-
bra may increase the accuracy for predicting rupture risk, by
adjusting for differences in body size. The improvement in
prediction accuracy appears minimal, however, when com-
pared with absolute AAA diameter.

Clinical opinion also holds that eccentric or saccular
aneurysms represent greater rupture risk than more diffuse,
cylindrical aneurysms. Using computer modeling, Vorp et
al27 found that wall stress is substantially increased by an
asymmetric bulge in AAAs. In fact, the influence of asym-
metry was as important as diameter over the clinically
relevant range tested. Fillinger et al have extended this
concept to calculate wall stress in AAAs using finite element
analysis of three-dimensional CT scans.28 They found sig-
nificantly higher wall stress in ruptured or symptomatic
AAAs as compared with elective AAAs. In fact, the smallest
ruptured aneurysm (4.8-cm diameter) had a calculated wall
stress equal to that of a 6.3-cm diameter AAA in the elective
repair group. This suggests that calculated wall stress may
become a valuable predictor of rupture risk as these tech-
niques become more widely available.

Localized outpouchings or “blebs”, ranging from 5
mm to 30 mm in size, can be observed on AAAs intraop-
eratively or on CT scans. These areas of focal wall weakness
demonstrate marked thinning of the medial elastin, and
have been suggested to increase rupture risk.29 Faggioli et
al30 found that impending rupture was significantly greater
in patients with such “blisters” than those without (71% vs
29%). The effect of intraluminal thrombus on AAA rupture
risk is debated, but a recent study by Schurink et al31 found
that thrombus within an aneurysm does not reduce either
mean or pulse pressure near the aneurysm wall and thus
does not likely affect rupture risk.

Although rapid AAA expansion is presumed to increase
rupture risk, it is difficult to separate this effect from the
influence of expansion rate on absolute diameter, which
alone could increase rupture risk. AAAs in the 4-cm to 6-cm

Table I. Estimated annual rupture risk

AAA diameter (cm) Rupture risk (%/y)

!4 0
4-5 0.5-5
5-6 3-15
6-7 10-20
7-8 20-40
#8 30-50
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Follow-up imaging at three years is recommended for those patients
with an AAA between 3.0 cm and 3.4 cm in maximum diameter.

Level of recommendation: Strong
Quality of evidence: Low

Follow-up imaging at five year intervals is recommended for
patients whose maximum aortic diameter is between 2.6 cm and
2.9 cm.

Level of recommendation: Weak
Quality of evidence: Low

Areas in Need of Future Research

● Screening for AAA in women and minorities.
● Optimal methods for invitation to AAA screening, ease of ac-

cess to initial ultrasound and follow up, costs and workforce
needs, and methods for providing risk-benefit information to
individuals offered screening.

● Psychological effects of screening on patients and their part-
ners.

● Effectiveness of screening programs initiated outside of initial
screening centers.

● Frequency of imaging surveillance for specific AAA size groups
(3 cm to 4.0 cm, 4.0 cm to 4.4 cm, 4.5 cm to 4.9 cm, and 5.0
cm to 5.5 cm).

TREATMENT OF THE PATIENT WITH AN AAA

The decision to treat

Patients that present with an AAA and abdominal or back
pain, even of an atypical nature, are at increased risk of rupture
and intervention is recommended. For those who present
with an asymptomatic AAA, management is dependant on the
size of the aneurysm. There is general agreement that small
fusiform aneurysms, less than 4.0 cm maximum diameter, are
at low risk of rupture and should be monitored and a fusiform
aneurysm greater than 5.4 cm in maximum diameter should
be repaired in a healthy patient. Elective repair is also reason-
able for patients that present with a sacular aneurysm. Debate
remains for patients presenting with AAAs between 4.0 cm
and 5.4 cm regarding the most appropriate role for either
immediate treatment or surveillance and selective repair for
those aneurysms that subsequently enlarge beyond 5.4 cm.
Long-term survival was equivalent in the United Kingdom
Small Aneurysm Trial (UKSAT)22 and the Aneurysm Detec-
tion and Management (ADAM) Trial23 for both immediate
surgery and surveillance groups. Nonetheless, a trend towards
a beneficial effect of early surgery was observed in both studies
in the younger patient and for those with larger aneurysms.
Uncertainty regarding the potential benefit of early repair in
selected patients with small AAA is further magnified by the
demonstration that EVAR is associated with reduced
perioperative mortality. The Comparison of surveillance
vs endografting for small aneurysm repair (CAESAR)24 and
Positive impact of endovascular options for treating aneu-
rysm early (PIVOTAL) trials compare immediate EVAR
with surveillance and selective EVAR, but neither trial has
been designed to determine whether immediate EVAR

might be beneficial or harmful for specific AAA size ranges
or age subgroups. Patients need to appreciate the therapeu-
tic uncertainty for AAA in the range of 4.0 cm to 5.4 cm. At
present, surveillance with selective repair is most appro-
priate for older male patients with significant co-mori-
bidities. Young, healthy patients, and especially women,
with AAA between 5.0 cm and 5.4 cm may benefit from
early repair.

Repair is recommended for patients that present with an AAA and
abdominal or back pain.

Level of recommendation: Strong
Quality of evidence: High

Elective repair is recommended for patients that present with a
fusiform AAA ! 5.5 cm in maximum diameter, in the absence
of significant co-morbidities.

Level of recommendation: Strong
Quality of evidence: High

Elective repair should be considered for patients that present with a
saccular aneurysm.

Level of recommendation: Weak
Quality of evidence: Low

Surveillance is recommended for most patients with a fusiform
AAA in the range of 4.0 cm to 5.4 cm in maximum diameter.

Level of recommendation: Strong
Quality of evidence: Moderate

Areas in Need of Further Research

● Management recommendations for EVAR versus surveil-
lance and selective treatment for AAA !5.5 cm.

● Examination of the survival effect of immediate treatment ver-
sus surveillance and selective treatment for specific AAA size
(4.0 cm to 4.4 cm, 4.5 cm to 4.9 cm, and 5.0 cm to 5.5 cm),
age, gender, and fitness subgroups.

● Scales of fitness for surgical or endovascular intervention.
● Management recommendations for AAA in women and

minorities.

Medical management during the period of AAA
surveillance

During the surveillance period, patients should be coun-
seled to cease smoking if tobacco products are being utilized
and encouraged to seek appropriate management for hyper-
tension, hyperlipidemia, diabetes, and other atherosclerotic
risk factors. A statin and angiotensin-converting enzyme
(ACE) inhibitor should be initiated given their broad poten-
tial benefits and acceptable safety profile. Insufficient data
exists to recommend use of doxycycline or roxithromycin.
Likewise, although animal studies have suggested that beta
blockade protects against aneurysm expansion and rupture,
the evidence in clinical trials has generally not supported this
view.25,26 Patients should be counseled that moderate physi-
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First EVAR in the World

• Retrograde cannulation of 
common femoral artery under 
local or regional anesthesia  

• A ballooon-expandable stent 
sutured to Dacron graft
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after EVAR: two patients had documented endoleaks (one
type I and one type II) which were awaiting treatment, and
one patient ruptured 2 months after a normal CT scan due
to a sudden disconnection between the distal limb of the

graft and the recipient iliac artery. All three patients under-
went emergency aortic repair: one patient died postopera-
tively, one patient died at 4 months, and one patient
survived.

Reinterventions. Fig 3 shows that there was a signif-
icant difference in the cumulative survival free of death and
vascular reintervention rates—including graft replacement
and endovascular or open repair of endoleaks, occlusions or
stenoses—between OSR and EVAR, with 96.5% ! 1.5% vs
91.3% ! 2.3% at 1 year and 85.8% ! 4.5% vs 76.1% ! 4.6%
at 3 years, respectively (P " .01). In the EVAR group, the
crude percentage of vascular reintervention rate was higher
(2.7% vs 16%, P # .0001) with a trend toward a higher
aneurysm-related mortality (0.7% vs 4%; P " .12).

Minor complications. There was no significant differ-
ence in minor complications between OSR and EVAR.

Table I. Patient characteristics

Variablea
Open repair EVAR
(n " 149) (n " 150)

Risk factors
Age, years 70 ! 7.1 68.9 ! 7.7

Range 54-83 49-83
Male sex 146 (98) 151 (100)
Diabetes 29 (19.5) 20 (13.3)
Tobacco 74 (49.7) 73 (48.7)
Hypertension 95 (63.8) 99 (66.0)
Hyperlipidemia 98 (65.8) 103 (68.7)
Carotid artery disease 12 (8.1) 12 (8.0)
Coronary disease

0 84 (56.4) 101 (67.3)
1 40 (26.8) 37 (24.3)
2 25 (16.8) 12 (8.0)

Renal insufficiency 15 (10.1) 21 (14)
Pulmonary disease 42 (28.2) 29 (19.3)
SVS/AAVS risk 1.65 ! 0.51 1.51 ! 0.53
ASA classification

1 12 16
2 89 99
3 48 34
4 — 2

AAA classification
Type A 48 50
Type B 52 56
Type C 16 17
Type D 21 17
Type E 4 6
Type F " saccular 1 —
Type G " iliac 6 5

AAA diameter,b mm 55.6 ! 6.6 55.2 ! 8.1

AAA, Abdominal aortic aneurysm; ASA, American Society of Anesthesiol-
ogists; EVAR, endovascular aneurysm repair; SVS/AAVS, Society for Vas-
cular Surgery/American Association for Vascular Surgery.
aCategoric data are presented as number (%) and continuous data as
means ! standard deviation and as noted.
bExcluding 11 iliac aneurysms.

Table II. Details of aneurysm repair

Variablea
Open repair EVAR

P(n " 149) (n " 150)

Length of
intervention,
hours 2.8 ! 1.1 2.1 ! 0.9 #.0001

X-ray exposure time,
minutes 1.9 ! 7.2 16.3 ! 13.5 #.0001

Contrast volume, mL 13 ! 46 131 ! 101 #.0001
Ventilatory support,

hours
8 ! 13.7 3.2 ! 2.5 #.0001

Median 5.5 3.0
RBC transfusion, U 2.1 ! 4.0 0.2 ! 0.9 #.0001

Median 2.0 0

EVAR, Endovascular aneurysm repair; RBC, red blood cells.
aData are presented as mean ! standard deviation, unless otherwise indi-
cated.

Table III. In-hospital postoperative data

Variablea
Open repair EVAR

P(n " 149) (n " 150)

Length of stay, days 10.4 ! 8.3 5.8 ! 5.5 #.0001
Median 8.0 5.0 . . .

30-day deaths (all causes) 1 (0.6) 2 (1.3) NS
Major adverse events,

patientsb 1 (0.6) 3 (2) NS
Acute MI 1 1 . . .
Paraplegia . . . 1 . . .
Renal failure . . . 1 . . .
Stroke . . . 1b . . .

Reinterventions, patients 2 (1.3) 8 (5.3) NS

EVAR, Endovascular aneurysm repair; MI, myocardial infarction.
aContinuous data are shown as mean ! standard deviation and median;
categoric data are number (%).
bFive complications occurred in 4 patients in the EVAR arm, and this patient
also had renal failure.

Table IV. All outcome measures in study patients

Variable

Open repair EVAR

P
(n " 149) (n " 150)

No. (%) No. (%)

Deaths 12 (8) 17 (11.3) NS
Major adverse events 6 (4) 10 (6.7) NS

Stroke 1 (0.7) 1 (0.7) NS
Myocardial infarction 4 (2.7) 6 (4) NS
Paraplegia . . . 1 (0.7) NS
Renal failure 1 (0.7) 3 (2) NS
AAA rupture . . . 3 (2.0) NS
Reinterventions 4 (2.7) 24 (16) #.0001

Minor adverse events 73 (48.7) 62 (41.3) NS
Hemorrhage 7 (4.7) 4 (2.7) NS
Infection 11 (7.4) 14 (9.3) NS
Minor cardiac complications 19 (12.8) 9 (6) #.05
Respiratory complications 8 (5.4) 5 (3.3) NS
Atheroembolism 1 (0.7) 3 (2) NS
Graft infection 1 (0.7) . . . NS
Lymphorrhea/lymphocele . . . 4 (2.7) NS
Incisional complications 38 (25.5) 1 (0.7) #.0001
Buttock claudication 3 (2) 21 (14) #.001
Sexual dysfunction 11 (7.4) 7 (4.7) NS
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However, the OSR group experienced more minor cardiac
and incisional complications, whereas buttock claudication
was more frequent in the EVAR group. Of the incisional
complications in the OSR group, 36.3% (29 of 80) oc-
curred after a transperitoneal approach and 17.6% (9 of 51)
after a retroperitoneal approach. Buttock claudication was
mostly observed in patients with types C, D, E, or G

aneurysms, in whom the hypogastric artery was coil embo-
lized or lost (14 of 45 [31%]).

Endoleaks. CT scan found endoleaks in 41 of 150
patients (27%) in the EVAR arm. Among 10 type I en-
doleaks, 2 were treated by open surgery and graft replace-
ment, 5 were successfully treated by an endoluminal pro-
cedure, and 3 were awaiting treatment at the time of this
analysis. Of 31 type II endoleaks, 8 were treated by coil
embolization, and 23 were left untreated.

Sexual function. Sexual assessment 1 year after treat-
ment showed no difference between the two treatments
(Table IV), although there was a trend toward more sexual
dysfunction in the OSR group.

Given the crossover rate, a per-protocol analysis was
performed but did not change the conclusions.

DISCUSSION

The ACE trial shows that EVAR or OSR in low-risk to
moderate-risk patients carries a similar risk of early-term
and medium-term (up to 4.8 years) death, major adverse
events, and minor complications. However, EVAR was
associated with more vascular reinterventions and a trend
toward higher aneurysm-related mortality.

Three RCTs2-4 have reported lower 1-month postop-
erative mortality rates after EVAR compared with OSR
(difference range, 2.5%-4.1%). Accordingly, the propensity
score-matched analysis of a 45,660 cohort of Medicare
patients confirmed a reduction in the postoperative mortal-
ity after EVAR (1.2% vs 4.8%).10 In ACE, we did not find
such a reduction after EVAR: the postoperative mortality
rate was very low in the OSR group, whereas mortality after
EVAR was in the same range as the three previous RCTs
(0.5% to 2.1%). After OSR, a similar low mortality rate of
3% was found in Veterans Affairs Open versus Endovascular
Repair (OVER) trial,2 in control groups of the U.S. Food
and Drug Administration phase 2 trials (range, 0%-
2.7%),11-13 and in centers of excellence,14,15 but the rate
was 4.1% in Dutch Randomised Endovascular Aneurysm
Management (DREAM)4 trial and 6.2% in the Comparison
of Endovascular Aneurysm Repair with Open Repair in
Patients with Abdominal Aortic Aneurysm (EVAR 1) trial.3

Among numerous factors potentially accounting for dif-
ferences in mortality rates, study design, population studied,
selection of centers, national standards of care, and date of
publication may be relevant. Although most patients in the
three previous RCTs were fit for surgery, baseline characteris-
tics may not be fully identical, and a similar distribution of risk
factors does not fully take into account the association of risks.
The OVER trial used the RAND surgical risk score, with only
53% patients categorized as at low risk for surgery. Patients in
EVAR 1 or DREAM may have been at higher risk for OSR
because risk assessment was left to each center team’s appre-
ciation.

We chose the SVS/AAVS grading system. Although it
may be less accurate than scoring systems such as the Physio-
logical and Operative Severity Score for enUmeration of Mor-
tality and Morbidity (POSSUM) score,16 Glasgow Aneurysm
Score,17 or the fitness score proposed by the EVAR-1 trial-

Fig 2. Kaplan-Meier curve of survival free of death or major
events after open surgical repair (OSR) or endovascular aneurysm
repair (EVAR).

Fig 3. Kaplan-Meier curve of survival free of death or reinterven-
tion after open surgical repair (OSR) or endovascular aneurysm
repair (EVAR).
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腹主動脈瘤支架暨輸送引導系統之適應症及使用規範(990401起修訂):	  
一、適應症及使用規範需符合下列五者之一之條件： 
(一)主動脈瘤最大直徑大於等於5公分。 
(二)主動脈瘤最大直徑大於等於4公分，但快速擴大且六個月內直徑增加
0.5公分(或以上)。 
(三)腹主動脈瘤患者合併典型症狀，有破裂之虞或破裂時。 
(四)非典型腹主動脈瘤包括： 
1、腹主動脈瘤合併感染。2、腹主動脈腸胃道廔管。3、腹主動脈下腔靜
脈廔管。 
(五)髂動脈瘤：1、髂動脈瘤大於等於3.5公分。2、髂動脈瘤患者合併典
型症狀，有破裂之虞或破裂時。 
二、針對裝置腹主動脈瘤支架手術出院後之滲漏特殊個案，需另以輔助
配件修補時，可按實際醫療需要使用。 
三、有關醫療機構條件及操作人員資格，應依照行政院衛生署所訂:特定
醫療技術檢查檢驗醫療儀器施行或使用管理辦法之附表，第二十三項:主
動脈支架之規定(如附件)辦理。 



PreEVAR Image Planning

• Normal renal function: 

• CTA +MPR

• Renal function impairment:

• CT (-), thrombus in landing zone/access 
inner lumen could not be evaluated

• Noncontrast enhanced MRA (eg, inflow 
enhanced inversion recovery FSE), not 
always available, expensive



PreEVAR CT Planning

• Visceral and renal supply

• Celiac trunk/SMA

• Renal arteries: number, location

• IMA?



PreEVAR CT Planning

• Proximal neck (proximal landing)

• Diameter <32/29mm

• Length >10/15mm

• Angulation <60° (mild<40, severe>60)

• Calcification/mural thrombus <25% (90°)

• Conical nature <10%



• Distal landing

• Distal landing zone >10mm/15mm

• Diameter of landing (CIA or EIA)

• Route

• Tortuousity/wall calcification of iliac arteries

• Diameter of CFA/EIA/CIA >6/7mm

• High bifurcation of CFA

SECTION VII Aneurysmal Disease482

 system to pass without causing damage to the iliac tract. No 
strict criteria are available in this matter, and a decision should 
be made based on the diameter and flexibility of the delivery 
system and the surgeon’s experience.

Almost all imaging modalities have been used in the diag-
nostic workup of a patient. Ultrasound is most commonly 
used to establish the diagnosis of an AAA.

Spiral Computed Tomography Angiography
High-quality contrast-enhanced computed tomography angi-
ography (CTA) is essential and is currently the imaging tech-
nique of choice for EVAR. It provides detailed information on 
vascular anatomy and thus helps in selecting suitable patients 
and the right stent graft. The patient should not have oral 

A. Diameter and length measurements for AAA

D3

D2

D1

H1

H2 H3 H4

D5b

D6b

D4

D5a

D6a

B. Extent of aortic and iliac artery involvement

A B C D E
Figure 29-1. Endovascular repair of the aorta. A, Worksheet for documentation of diameters and length measurements for abdominal aortic aneu-
rysms. B, Worksheet for documentation of iliac artery involvement.

COMPREHENSIVE VASCULAR AND ENDOVASCULAR SURGERY, SECOND EDITION, P.482



PreEVAR CT Planning

• Length between 
proximal landing and 
aortic bifurcation 
>80mm

• Diameter of aortic 
bifurcation 
>18/22mm

D3

D2

D1

H1

H2 H3 H4

D5b

D6b

D4

D5a

D6a

COMPREHENSIVE VASCULAR AND ENDOVASCULAR SURGERY, SECOND EDITION, P.482
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which can indicate an endoleak. Stent graft limbs and iliac 
arteries are examined for kinking or twisting.

The technique for introduction and deployment differs for 
every individual stent graft; discussion of these differences is 
beyond the scope of this chapter. For individual techniques of 
introduction and deployment, refer to the relevant specialized 
manuals.

PERIOPERATIVE COMPLICATIONS
Standardized reporting of deaths and complications is nec-
essary to establish stent graft exclusion as safe and effective 
therapy for AAA. Complications may be deployment related, 

groin and wound related, implant related, or systemic (cardiac 
and pulmonary).

According to the current reporting standards, deployment-
related complications can be classified into the following 
 sections18:
Failed deployment with or without conversion
Operative bleeding
Aortic dissection
Arterial perforation or rupture
Access artery injury
Peripheral microembolization
Access site hematoma or false aneurysm
Access site lymphocele or lymphedema

Guidewire

Groin
cut-down

Introduction of
stent-graft

B

Introducer
sheath

Deployment trunk
+ ipsilateral limb

C

Catheterization of
contralateral limb

D

Completion of
stent-graft procedure

E
Introduction of guidewire

A

Several steps in the introduction of a stent-graft

Figure 29-7. Several steps in the introduction of a stent graft. A, After a cut-down in the groin, a guide wire is introduced through an introducer sheath. 
B, The delivery system is positioned under fluoroscopic control. C, The trunk and ipsilateral limb are deployed. D, The contralateral stump is catheter-
ized, and the contralateral limb is introduced. E, The contralateral limb is deployed, and the stent graft is completed.

Suggested positions of operating team members and equipment

Power Injector
Fluoroscopy Interventionalist 2

Interventionalist 1

Scrub nurse/Radiology technician

Extension table

Anesthesiologist

Monitor 2

Monitor 1

Figure 29-6. Suggested positions of 
operating team members and equip-
ment.

COMPREHENSIVE VASCULAR AND ENDOVASCULAR SURGERY, SECOND EDITION, P.487



PostEVAR Image Planning

• Lumbar spine 4 views

• Graft migration/kinking survey

• CTA + CTV + MPR

• Graft migration/kinking, endoleak, 
complications survey, aneurysmal sac change

• CT (-)

• Graft migration, aneurysmal sac F/U
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undertaken under local anesthesia; it can reduce operative risk 
and shorten recovery time. Mortality and morbidity increase 
in patients with significant comorbidities and in the elderly 
population.

Comparative studies on mortality with EVAR and con-
ventional open surgery have been carried out in single 
centers in the form of case control studies, and concur-
rent single or multicentric prospective nonrandomized 
comparisons. The most published series report similar 
intraoperative mortality rates after EVAR and open repair 
(Table 29-4).21-30

ENDOLEAKS AND LATE 
COMPLICATIONS
Endoleaks
An endoleak is a condition associated with endovascular stent 
grafts, defined by persistent blood flow outside the lumen of 
the stent graft but within the aneurysm sac or adjacent vascu-
lar segment being treated by the stent graft.31,32 An endoleak 
is evidence of incomplete exclusion of the aneurysm from the 
circulation. Evidence indicates that an endoleak may resolve 
spontaneously, but a proportion of those that do persist are 
associated with late aneurysm rupture.33-35 Although intra-
sac pressure may approach systemic arterial pressure in the 
presence of an endoleak, some type II endoleaks have been 
associated with a decrease in aneurysm volume and intrasac 
pressures that are substantially less than systemic pressures.36

An endoleak can be classified according to the time of occur-
rence.31 An endoleak first observed during the perioperative 
(less than 30 days) period is defined as a “primary endoleak,” 
and detection thereafter is termed a “secondary endoleak.” 
Further categorization requires precise information regard-
ing the course of the blood flow into the aneurysm sac  
(Figure 29-8).18

A type I endoleak is indicative of a persistent perigraft 
channel of blood flow caused by inadequate seal at either the 
proximal (Ia) or the distal (Ib) stent graft end or attachment 
zones. In the case of an aortomonoiliac prosthesis, a type I 
endoleak may also refer to blood flow around an iliac occluder 
plug (Ic).

A type II endoleak is attributed to retrograde flow from the 
IMA (IIa), lumbar arteries (IIb), or other collateral vessels. 
Origin and outflow sources of a type II endoleak should be 
specified, such as lumbar and lumbar, lumbar and IMA, acces-
sory renal and lumbar or IMA, hypogastric and lumbar or 
IMA, or undefined. It should be emphasized that any connec-
tion with a proximal or distal attachment zone classifies the 
endoleak as a type I endoleak.

A type III endoleak is caused by component disconnection 
(IIIa) or fabric tear, fabric disruption, or graft disintegration 
(IIIb). A type IIIb endoleak can be further stratified as minor 
(less than 2 mm) or major (more than 2 mm).

A type IV endoleak is caused by blood flow through an 
intact but otherwise porous fabric, observed during the first 
30 days after stent graft implantation. This definition is not 
applicable to fabric-related endoleaks observed after the first 
30-day period.

If an endoleak is visualized in imaging studies but the pre-
cise source cannot be determined, the endoleak is categorized 
as an endoleak of undefined origin.

It is recognized that an AAA can continue to enlarge 
after endovascular repair, even in the absence of a detectable 
endoleak, and that this enlargement may lead to aneurysm 
rupture. This phenomenon is currently defined as “endoten-
sion.”37,38 Explanations for persistent or recurrent pressuriza-
tion of an aneurysm sac include blood flow that is below the 
sensitivity limits of detection with current imaging modali-
ties or pressure transmission through thrombus or stent graft 
material.39-41

The incidence of endoleak has been reported as between 
10% and 44%.42-44 If left untreated, an endoleak may seal 
spontaneously by thrombosis. This occurred in almost 50% 
of the cases reported by Moore et al., resulting in a permanent 
endoleak rate of approximately 20%.42 Spontaneous sealing 
of an endoleak results in a decrease in the size of the aneu-
rysm sac. Conversely, the size of an AAA can increase when 
a secondary endoleak develops in a previously excluded AAA 
after endovascular repair. Type II endoleaks are more likely 
to seal than types I or III endoleaks. It has also been suggested 
that an AAA with a type II endoleak is less likely to rupture. 
This assumption is dangerous, since late ruptures of an AAA 
treated with a stent graft and with a type II endoleak have been 
reported. However, persistent type I and III endoleaks are 
more prone to causing a rupture following an endograft.33

Endoleaks may be managed by observation, a further endo-
vascular procedure, endoscopic treatment, and conversion.

As some endoleaks seal spontaneously, most interven-
tionists are prepared to disregard endoleaks despite the 

Type Ia:     Proximal fixation site
Type Ib:     Distal fixation site
Type Ic:      Iliac occluder
Type IIa:    Inferior mesenteric artery
Type IIb:    Lumbar artery
Type IIIa:   Disjunction
Type IIIb:   Fabric tear
Type IV:     Fabric porosity

Classification of endoleak

Ia

IIIb

IIb
IIIa
IIa

Ib Ic

Figure 29-8. Classification of endoleaks.COMPREHENSIVE VASCULAR AND ENDOVASCULAR SURGERY, SECOND EDITION, P.489



• Percutaneous trans-arterial 
embolization (TAE)

• Percutaneous trans-sac 
embolization 

• Posterior approach (trans-
lumbar, TLE)

• Anterior approach

• Surgery

Management of Type II Endoleak



Imaging Endoleak

• CTA or MRA for post-EVAR F/U

• Aortography, angiography of SMA, internal 
iliac artery (unilateral/bilateral),± L1 lumbar 
artery, ±celiac trunk

• Access route always via common femoral artery



Principle of Type II Endoleak 
TAE

• 4/5Fr (0.035In system) guiding catheter, as 
distal as possible

• Microcatheter tip in the aneurysmal sac if 
possible

• 20-33.3% NBCA, depending on tip location of 
microcatheter 



Inflow of Type IIa Endoleak

• IMA

• SMA ➠ Middle colic artery ➠ arc of Riolan-
IMA

• SMA ➠ Middle colic artery ➠ meandering 
artery of Moskowitz-IMA

• Celiac trunk ➠ Dorsal pancreatic artery ➠ 
Middle colic artery ➠ arc of Riolan ➠ IMA

• Celiac-Colic trunk ➠ Replaced middle colic 
artery ➠ arc of Riolan ➠ IMA



Inflow of Type IIb Endoleak

• Lumbar artery

• Iliolumbar artery

• Lumbar artery (L2)

• Deep circumflex iliac artery

• Inferior epigastric artery

• Accessory renal artery



Currant Status of EVAR

• Open surgery

• Endovascular aortic repair

less invasive



Optimized EVAR Procedure

• PreEVAR planning

• Sizing

• Optimizing fluoroscopic plane for EVAR

• Biplane system

• Reduced radiation exposure time

• Reduced contrast media usage (diluted 
contrast media)



降低碘顯影劑在EVAR的使用

• Aortography: 20ml 

• Placed main body

• Ipsilateral iliac angiography: 10ml

• Placed ipsilateral iliac limb

• Contralateral iliac angiography: 10ml

• Placed contralateral iliac limb

• Final aortography: 20ml

﹜30ml 100% contrast media



不使用含碘顯影劑施⾏行EVAR

• CO2 aortography/angiography

• Wire/balloon guided EVAR



Speed Up Contralateral Limb Cannulation
快速勾腹主動脈支架對側腳的⽅方法



Currant Status/Future of EVAR

• Open surgery

• Endovascular aortic repair

• Percutaneous EVAR

less invasive

minimally  invasive
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Percutaneous EVAR

• Punctured CFA under sonographic guidance

• 2 Perclose Proglide to close large hole





腹主動脈瘤腔内修復術的現況／未來

• Open surgery

• Endovascular aortic repair

• Percutaneous EVAR              OPD EVAR

less invasive

minimally  invasive



Out Patient EVAR 
不住院施⾏行腹主動脈瘤腔内修復術

• Inclusion criteria

• AAA without symptoms

• Exclusion criteria

• Small CFA with heavy calcified plaque

• Must general anesthesia

• Must coverage many intercostal arteries or 
bilateral  internal iliac arteries



腹主動脈瘤腔内修復術的未來

• Open surgery

• Endovascular aortic repair

• Percutaneous EVAR

• OPD EVAR

•             ?

↩
less invasive

↩ minimally  invasive

↩ non-invasive
↩


