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empts at successful endovascular treatment of
bdominal aortic aneurysms (AAA) are not a new
concept. In 1864 Moore performed wire coiling of
a thoracic aneurysm in an attempt to induce
aneurysm thrombosis and prevent rupture. Peacock
published a similar method in 1968 for the treat-
ment of AAA.4 Up to 700 feet of wire was inserted
in to 14 patients with AAA considered at prohibi-
tively high risk from conventional open AAA repair
owing to medical co-morbidity (Figure 1).

Other ideas have been developed in order to
reduce the difficulties associated with open aortic
surgery. Cave-Bigley introduced a ringed intra-
luminal graft to facilitate the proximal aortic anas-
tomosis.> Alternatives include repair via a retroperi-
toneal exposure or laparoscopic routes.6

It is over a decade since the pioneering work of
Parodi and Volodos culminated in the first EVARs.”
8 Experience and research in tandem with improv-
ing technology have ironed out many of the prob-
lems associated with the early devices. Conversion
to open repair in early reports of EVAR were in the
region of 20%.9 10 Conversion itself carries a mor-
tality in excess of 20% and in one series was as
high as 43%.11 This complication is now rare. One
recent multi-centre study of a 2nd generation
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Figure 1.—Peacock’s coiling apparatus for the endovascular t
ment of aneurysms.

that 2nd-generation devices are out-performin

1st generation counterparts.13 14
Despite these improvements

EVAR remain poorly understood.

pointing. There have been nu
interventions and conversio

as for untreated small 2
fate of EVAR will rest, i

aneurysm and is
imally and distally.

endovascular graft in
showed that breaching the

a significant num of complications. In particular
breaching the proximal neck guidelines resulted in
a 4-fold increase in proximal endoleak. Combined
deviations multiplied the risk.t?
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Unfortunately only_a limited number of patients

of aneurysm morphology
atients would be suitable for

iradequate neck length (less than 15 mm).18
morphological features can be separated
under "2 /broad headings. First are those features

1w /Mmay prevent delivery of the endovascular
graft to its intended site. Second are those
h inhibit the formation of a blood-tight seal.

a number of generic morphological
@h currently make EVAR unsuitable.
7 the proportion of aneurysms suitable for
device specific. Some devices have been
Cifically to circumnavigate adverse
al features. In add1t1on any surgeon

eurysm exclusion are high.

Successful access of the endovascular graft to the
e of deployment depends largely upon the state
of the external and common iliac arteries. The
diameter of the external iliac artery necessary will
obviously depend upon the diameter of the deliv-
ery system, although arteries which are not calci-
fied do tend to stretch and dilate, accommodating
larger devices than originally appreciated. Sheath
diameter has been reduced but some of the larger
grafts still require 24 Fr sheaths for successful inser-
tion. Alternatively, stent-grafts may be inserted
directly through the CIA using a conduit. The latter
technique tends to be reserved for very large
devices, which are intended for placement in the
thoracic aorta.

Access difficulties associated with iatrogenic
damage of the iliac arteries resulted in a significant
proportion of the conversions and considerable
morbidity and perioperative mortality in the early
series of EVAR. Improved trackability of stent-grafts
has reduced access complications. Problematic
arteries tend to be excessively calcified, usually
with circumferential calcification and are tortuous.
Removing stents can increase the flexibility of
devices but these grafts are more prone to defor-
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Figure 2.—Graph of proximal peri-endoleak flow agai
neck angultion in 2 types o endovascular stent-graft [J=G

wire (Anson Medical, Abingdon, UK)].

mation and kinking. In one study almost 46%
unsupported devices required adj
placement for graft deformation.2!

Thrombus was thought to rep
to obtaining a blood-tight sea]
However a study of 184 pati
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atable problem. In a study of
16 patients with wide necks (greater than 30 mm)
from Leicester, no endoleaks were observed during
a 12-month follow-up period. In addition the aortic
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Figure 3.—Plain abdominal X-ray of patient with an angulated and
tortuous aneurysm treted by an Anson endovascular stent-graft.
Developed with new technology in order to allow successful treat-
ment of angulated necks.

necks appeared to significantly decrease in diame-
ter.25 All these results are relatively short-term and
should be viewed with some caution prior to wide-
spread adoption of EVAR in patients with adverse
morphology.

Improvements in graft technology including a
reduction in sheath diameters have increased the
applicability of EVAR, allowing more aneurysms to
be treated. Delivery systems have increased tracka-
bility and conformability allowing graft insertion
through more tortuous iliac arteries. The use of
supra-renal anchor stents has reduced the length of
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aortic neck required to provide an adequate seal.

Experimental evidence from Nottingham using an
in vitro model (Gianturco-Dacron stent-graft) sug-
gested that an angulations of greater than 30° signif-
icantly increases endoleak flow by lifting the graft
away from the neck wall.26 Alternative solutions are
required to reduce this problem (Figure 2).

At present the ideal graft has not been manufac-
tured and no one graft possesses all the desirable
characteristics. Therefore there are 2 sets of criteria
for EVAR. The 1st are a set of procedure specific
criteria or a generically accepted morphology for
successful EVAR. The 2nd are a set of device speci
ic morphological criteria. The latter will depe

to predict the outcome for EVAR. @itf
systems may be used to allow vakid

suggested a global
the risk of major

(each gra
for failur

aneurysms. O all number of aneurysms
have a suitable distal-aortic neck and consequently
these grafts were associated with high rates of dis-
tal type I endoleak. The distal aorta was recognised
as an unsuitable distal landing zone for endovascu-
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yVdeveloped to facilitate graft
by the surgeon) and the use of

cated (on account of accommodating
IA aneurysms) 18 The bifurcated

addition proponents of bifurcated endovascu-
fts cite the avoidance of a femoro-femoral
-anatomic bypass graft as a potential advan-

=ver, this bypass does not appear to car-
@gtenw rates associated with occlusive

d septic complications are uncommon.29
tts of the study suggested the patency

ome institutions, including our own have sug-
gpsted there may still be a place for the uni-iliac
¢onfiguration, notably in the emergency situation
where rapid aneurysm exclusion is desirable and in
the presence of a unilateral common iliac artery
aneurysm.31. 32

Intentional or inadvertent occlusion of one or
both internal iliac arteries (ITA) is not an uncom-
mon occurrence following EVAR. Occlusion may
be a necessary part of exclusion of a common iliac
artery aneurysm or occur following maldeployment
of the stent-graft.

The consequences of IIA occlusion are variable.
Patients may remain asymptomatic, some will suf-
fer buttock claudication whereas others may devel-
op frank bowel and pelvic ischaemia or infarction.
In general, unilateral ITA occlusion is rarely associ-
ated with severe ischaemic complications.33 The
Montefiore uni-iliac endograft system requires
occlusion of the ipsilateral internal iliac artery as an
integral part of the procedure. Although rarely
associated with severe ischaemic complications,
when a similar system was used in Leicester, this
approach resulted in buttock claudication in 40% of
cases.3* Bilateral ITA occlusion represents a higher
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risk of complications but does not necessarily
result in clinically significant ischaemia or infarction
due to an extensive collateral pelvic blood supply.
Predictors of clinically significant pelvic
ischaemia would be desirable if either unilateral or
bilateral TIA is being considered to facilitate EVAR.
Endovascular repair of ruptured AAA appears to
confer a higher risk of bowel ischaemia and infarc-
tion.35 The authors of that study consequently mod-
ified their practice, suggesting that no patient hav-
ing EVAR of ruptured AAA should undergo bilateral
ITA occlusion. Presumably the hypoperfusio
resulted in the occlusion of collateral vessels.
Mehta retrospectively identified 154 patients
had undergone elective IIA occlusion either yni
erally or bilaterally during either EVAR o
aneurysm repair 36 They speculated their QV

common femoral artery (CFA) collateral
avoidance of shock and distal embolisation.

the TIA at its origin
graft across it.38

comphcat1ons there
veloping methods in
in patients undergo-

using a flared O ide iliac limb (“bell-bottom”
technique) to allow a seal to be developed in a
wide CIA.49 An alternative and evolving approach
in its infancy is the fenestrated or branched graft.
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ing the utdring the endograft to the CIA

brid” approach or alternatively

s even when performed for occlusive dis-
comparison the patency rates of iliac

ation device with unsupported iliac limbs,
required intraoperative placement of
@\/Iany of the early devices comprised

iliac limbs, however, there is now
ence that supported limbs offer improved
rates over their unsupported counter-

ployed in the external iliac artery. Smaller
vneters are also at greater risk.46
ore does not appear to be any significant dif-

ac limbs, the patency rates of uniiliac (97%) and
ifurcated (90%) grafts were similar 18 months fol-
lowing the procedure.4?

The advantages of the unitary design are the
potential for reducing endoleak at the junctions
between components and ease of deployment. The
modular system allows intraoperative customisation
of length. This facility is particularly useful because
aortoiliac length is difficult to measure. The
required endograft length will depend upon the
position which the device adopts within the aorta.
Preoperative prediction of this position is difficult.

Some of the 1st generation modular stent-grafts
were plagued by high rates of modular limb dis-
connection. Modular devices rely upon the friction-
al forces between their component parts to prevent
dislocation. In some early designs these forces
were inadequate. Case reports have underscored
the requirement for correct deployment of the iliac
limb to ensure stability and prevent distraction.48

Thin-walled grafts were introduced in order to
reduce sheath diameter and facilitate graft delivery.
Some of these devices have ruptured in the medi-
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um-term. A combination of the orientation of the
stents and the thin-walled nature of the grafts
resulted in abrasion of the stents through the graft
wall. Some grafts remain porous in the early post-
operative period. This results in a ‘blush’ seen on
completion angiography, a type IV endoleak. Seam
defects in the graft fabric have also resulted in fail-
ure.

A variety of other modes of stent-graft failure
have been noted including wire and suture breaks
and stent fracture. Some of these failures have
been due to flaws in design, usually due to the us
of materials with inadequate strength. Others ha
been attributed to manufacturing problems, notab

been consequent to device migration and
producing abnormal loads on the endogra

Lessons have been learned from theses
ures. In a “survival of the fittest” many 1

Thin walled grafts with stent row sep
weak modular component ﬁxat'o hm

@m and fmally stent-
n strength.

erosclerotic aorta properly
icacy of the fixation. If the

be compromised. Damage to
extra-aortic tissues such as the IVC or duodenum
by these hooks/barbs remains a theoretical possi-
bility but extremely unlikely.
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In an attempt ro-surmount the problems associat-
ed with achieving-stable fixation in the aortic neck
an alternatlve meathyd ot 51te of fixation has been

crossing
rationale

ry occlusion. Early experimental work in
ted some stents were more thrombo-

not cover the ostium. If they do cross
m then up to 40% may be covered. In
ast, the Wallstent with smaller insterstices
ts in the region of 36% of the ostium in the
Zjority of cases. Unpolished nitinol stents result-
ed in partial occlusion of porcine arteries at 6
months follow-up, whereas only 1 Palmaz stent
and no Wallstents (haemodynamically similar to
the Gianturco Z stent) caused this complication.

Early results in vivo were encouraging with no
significant difference in renal injury (measured by
radionuclide scintigraphy and serum creatinine)
when comparing 2 groups of patients, one receiv-
ing a conventional infra-renal stent and another
using supra-renal.52 Likewise during intermediate
follow-up there appears to be little evidence of
clinically significant renal injury in patients with
supra-renal stents.’3 A recent study compared
serum creatinine and renal artery patency in 32
patients undergoing EVAR with supra- and 57 with
infra-renal stents over a 12 months period.5¢ There
was no significant deterioration in renal function in
those with supra-renal stents and no difference in
renal function between the groups.

One publication contradicts these findings. In
this large single-centre series of 748 cases the renal
infarction rate was 23.2% following supra-renal fix-
ation compared to 6.6% infra-renal.5 It is not clear
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why this group reported such a high incidence of
renal infarction, although aneurysm morphology
(case selection) or operative technique may be
responsible. In contrast, Kramer reported a much
lower rate of renal infarction (8.7%) during the fol-
low-up of supra-renal stents.5¢ The rate of renal
infarction did not significantly differ from infra-renal
stents (5.6%) in patients at 12-month follow-up. The
effects of trans-renal stenting in patients with renal
artery stenosis are less well established. Questions
remain over the possibility for accelerated disease
progression and occlusion (although the placement
of a supra-renal stent does not prevent subseque

“supra-renal” stents frequently cross or reas
level of the coeliac or superior mesenterig™ast
In a study of 192 patients with supra-ré
during a mean follow-up of 25 months the
no evidence of distal embolisation on CT scaning
and aortography was unable to
stenoses or occlusions of the s
tion.5” However, there have beg
infarction and massive mic

patients undergoing EVAR/witl

morpholo-
» of EVAR.

¢ly—is noonger required.
i the determination of
the d

e length measurement dis-
crepancy betwee e 2 modalities may occur
within large aneurysm sacs.®© Measurements of aor-
to-iliac length are much less critical with modular
systems.
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dted in the majority of patients. In a study of 24
patients, 26 accessory renal arteries were inten-
tionally occluded.®! There were only 2 significant
sequelae during a 12-month follow-up period.
One patient developed a renal infarct and hyper-
tension and another progressive renal failure
despite a normal perfusion scan. Consequently,
the detection of accessory renal arteries by DSA is
not necessary for successful outcome in the majo-
rity of patients.

Angiography consistently undersizes the proxi-
mal neck diameter because it only measures lumi-
nal diameter, which is frequently diseased.6? In
addition the inter- and intraobserver variability with
any imaging technique is a potential source of
error when planning EVAR. Even with the gold-
standard spiral CTA, Van Bockel suggested that
interobserver variability regularly exceeded 2 mm.

Consequently computer software has been
developed to facilitate endograft sizing. They
enable the user to accurately and reproducibly pre-
dict the required size of endograft from 3-D spiral
CT reconstructions. (Figure 4).

MRA is a valid alternative method of preopera-
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tive assessment of aneurysm morphology, which is
particularly useful in patients with renal impair-
ment.% It remains more expensive than spiral CTA
and requires detailed postimaging processing.
Additional problems arise, with the change of
imaging modality which will be required if a stain-
less steel endograft is deployed. Stainless steel
stents cause considerable image distortion on
MRA.

The value of intraoperative intravascular ultra-
sound (IVUS) continues to be debated. It is cur-
rently expensive and requires adequate training
before it can be used effectively. Proponents of th
technique suggest it may almost completely rep
perprocedural angiography with its atte
nephrotoxicity.¢5 Others argue IVUS is an u
sary luxury.% In the latter study, selectivel

istic view may be that it is an addj
of quality control.
Contrast nephrotoxicity i

nephrotoxicity inclu
hydration in additio

¢ w1th hydra-
oiated with

adverse phys1o ogical’consequences of EVAR. The
technique certamly appears attractive, especially for
medically high-risk patients or those with ruptured
AAA. Whether LA is suitable for all patients and
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anaesthesia (GA) may be

versions

required LA EVAR maintains significant
altho hat reduced systemic physiological
dlstur ompared with GA.70 In fact de Virgilio
W ' demonstrate any difference in the

of postoperative cardiac or pulmonary

ments of the LA technique may increase the
ability and improve the outcome.

very systems and percutaneous arterial
ces. Percutaneous arterial closure

without collagen plugs and others use col-
haemostatic plugs without any anchoring

Percutaneous delivery of stent-grafts has allowed
ome centres to perform EVAR on a day-case
basis.”2 Others have found that less than 30% of
patients who have their EVAR performed under LA
are even suitable for discharge the following day.®
Despite perceived benefits, many of the encourag-
ing results of these percutaneous closure devices
have been obtained following interventional cardi-
ological procedures, which require smaller sheaths,
possibly in less diseased vessels. In a recent study
of patients undergoing EVAR, 15% of patients
required conversion to a conventional groin inci-
sion and 1 patient died from retroperitoneal haem-
orrhage.’ Similar results have been published by
others.” Both studies underscored the importance
of careful patient selection to reduce complications.
Obesity, scarred groins and calcification in the for-
mer study and large sheath size in the latter pre-
dicted procedural failure. It may be argued there-
fore that larger aneurysms with more difficult mor-
phology and patients with greater co-morbidity —
just those who are likely to benefit from percuta-
neous procedures — are most likely to be those
who are unsuitable.
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Endoleak

Endoleak is a condition associated with endolu-
minal vascular grafts defined by the persistence of
blood flow outside the lumen of the endoluminal
graft but within an aneurysm sac or adjacent vascu-
lar segment being treated by the graft.7s. 76

Endoleak is a condition peculiar to EVAR. There
are some similarities with pseudoaneurysm forma-
tion following a conventional (aortic) anastomosis.
They are classified according to their site of origin.
Type I endoleaks occur from endograft attachmen
zones (or additionally in the case of a uni-iliac graf
around an occluding device). Type II endolea
“retroleak” follows flow from aortic side bya
vessels.”” Type III endoleak is associated wit
failure, either dislocation of a modular li

I endoleak

Type I endoleak is associated with subsequent
aneurysm rupture and occurs in 0-10% of cases.82
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When occurring /e type I endoleak may be due

’. The majority of late cas-
eak may be attributed to migra-
eck dilation.

5 of graft oversizing in the prevention

es of 1

t§ in the EUROSTAR database.83 In theory
izing allows for any measurement discrepancy
ween observed and expected values and
omm@@s any non-uniformity in the landing

)

&/ single-centre experience discovered
b.of patients who underwent EVAR with such
(Ancure, Guidant/EVT, Menlo Park CA)

graft was responsible for the early endoleaks. At 1-
month follow-up, however, 82% of these endoleaks
had resolved and consequently the authors feel
safe observing type 1 endoeleaks until 6 months
unless associated with sac enlargement. This expe-
rience is in marked contrast to the general consen-
sus for the natural history and management of type
I endoleak. These results contradict other authors
observations using unsupported grafts.44 It is gener-
ally accepted that type 1 endoleaks are associated
with rupture and consequently treatment is manda-
tory no matter when discovered.

Type II endoleak

The accepted type II endoleak rate is of the
order of 10-25% and does not appear to be a graft
related complication of EVAR. The aetiology is ret-
rograde perfusion of the aneurysm sac via the infe-
rior mesenteric (IMA) or lumbar arteries (especially
the 4t pair) and rarely other branches such as an
accessory renal artery.

It has been estimated that 1/4 of preoperatively
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patent IMAs will subsequently persist to perfuse
the aneurysm.85> Thrombosed IMAs do not appear
to reperfuse the aneurysm sac (although this may
not be the case following attempted treatment of
the endoleak). Flow of blood in patent side-
branches is variable. In addition to simple inflow to
the aneurysm sac, a to-and-fro movement of blood
within type II endoleaks can often be detected on
duplex ultrasound. The clinical significance of this
motion is unknown. Finally, patent side branches
can also act as outflow vessels for other types of
endoleak, including inflow from either IMA or lum
bar arteries or even other types of endoleak.8
In Nottingham we have been unable to ide
any preoperative factors, which will reliably pfe
the development of type II endoleak, alt
pat1ents W1th no side branches on injectioy

d

endoleak.8” In contrast others have found pattents
with a large, patent IMA, or >2 lugr
preoperative spiral CTA are at hi
development of persistent type-

The natural history of typ
endoleak is generally benign

endoleaks will sponta
perioperative period.
appear where they h

aneurysm sa
varies W1dely,

ent of the “endoleak”
aCc expansion, rupture or

required
because of
because they h

In a similar hion, the Montefiore group
observed a ruptured ITA aneurysm due to back-
bleeding from branches (“type II endoleaks”),
which had originally been thrombosed (the proxi-
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hese reports there have
cases in which type II

Intrao tive studies during EVAR and open
a'r have suggested that the pressure within
ide-branches would likely be insufficient to result

istent pressurisation of the aneurysm sac.9
findings led the authors to hypothesise that

y through the graft rather than patent

s. This report is in contrast with the
pressure measurements performed by
197 They recorded systemic or near sys-
ures with pulsatile waveforms in all
with endoleak irrespective of type.
pressures have also been found in type II

the discrepancies and the general benign nature
pe 11 endoleaks may be that type II endoleaks
ly cause a localised rise in sac pressure.

arfarin may have the potential to affect
¢ndoleak rate, especially related to side-branch
patency. One group investigated the effects of war-
farin on endoleak and there did not appear to be
any difference in the incidence of early or late type
II endoleak.”8 There were insufficient numbers to
determine whether warfarin precluded sponta-
neous thrombosis of these endoleaks. However, at
1-year follow-up the aneurysm sacs in those on
warfarin had not reduced in size as quickly as
those in the control group.

At present there are no known factors, which are
able to predict the behaviour of type II endoleak.
Consequently the decision on which type II
endoleaks to intervene has been controversial. The
prevailing opinion among experts in the field is for
a non-interventional approach unless the aneurysm
is getting bigger.9

Type III endoleak

This type of endoleak is the result of graft failure
(Figure 5). It is associated with subsequent aneu-
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rysm rupture. There are 2 m
First is disintegration of the, gra
modular limb disconnection-

fabricg 100 Module
lier de ic@ occuy

because there wa
vent distractio
of these failure
lap betweey

oleaké are a consequence of thin-
walled grafts\whicly remain porous in the peri-
operative period._Thé result may be seen as an
arterial blush on completion angiography following
deployment. As many as 1/3 of these devices will
show evidence of contrast within the aneurysm sac
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in the first few/days following EVAR. However,
many of these

e
ly within 1 mon

of porous
mit syste

PVAR.101 Bench-model testing
as revealed that they trans-

spifal CTA and therefore becomes a diagnosis
xglusion.

©

Endotension

Yhere are a number of reasons why pressure
lay be transmitted to the aneurysm sac in the
bsence of detectable blood flow (endoleak). The
1st and most widely accepted is the transmission of
pressure by thrombus.194 This phenomenon has
been recognised for sometime in vascular surgery
and is the reason why some aneurysms rupture
despite being thrombosed. Other plausible expla-
nations include the presence of an intermittent or
low flow endoleak not amenable to detection by
current imaging modalities or, alternatively, hygro-
ma and seroma formation. Ultrafilatration of blood
through PTFE grafts has been noted in open
surgery.105 It may be speculated that this phenome-
non could be responsible for endotension in a
number of patients with PTFE grafts. Risberg
reported hygroma formation in a series of 4 cases
in which they found an accumulation of clear fluid
around the graft.10 There have even been sugges-
tions an underlying infective process may be
responsible in some patients with endotension.

In vitro analysis of pressure transmission through
thrombus suggested that thrombosed endoleak
channels do not behave in the same fashion as
ones which are patent.8® In thrombosed endoleaks
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in vitro, pressure reduction is directly proportional
to the length and inversely proportional to the
diameter of the channel. As previously suggested
this may account for the benign nature of throm-
bosed type II endoleaks in contrast to the aggres-
sive behaviour of their type T counterparts.
Endotension is usually identified indirectly by
increasing sac diameter, volume or possibly
aneurysm pulsatility. Unfortunately, however,

endotension may be present in the absence of

these signs and can, if left unrecognised or untreat-
ed present with aneurysm rupture.107

The measurement of pressure within t
aneurysm sac may help in the managemen

ing ultrasound which measures sax @qph nce b
detectmg wall motion.108

reduction in successfully
sacs.109 Likewise, the pres
presence of endoleak. 110

rr@ly u ergom

The gold standard for the detection of endoleak
remains spiral CTA and selective angiography both
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d. Splral CTA and MRA are
reliable in « g a diagnosis of endoleak but

it can be

use there may be a delay before flow
ffom the side-branch vessel into the aneu-
Consequently, delaying the image acqui-

lirect method of detecting endoleak and pres-
risation of the aneurysm sac following EVAR. In
an in vitro and animal experimental model using 2
types of ultrasound, the investigators were able to
attain a sensitivity of 64% and specificity of 100%
for the detection of endoleak. For the detection of
pulse pressure the combined sensitivity was 90%
and specificity of 100%. Pulsatile wall motion was
not reliable for the detection of mean aneurysm
pressure. 114

Although most surgeons think they are able to
assess the pulse pressure within an aneurysm clini-
cally, a more critical appraisal of pulse pressure
within the aneurysm sac following EVAR with and
without endoleak suggested this was not the case.
Clinical examination is therefore not a reliable
technique with which to assess the exclusion of the
aneurysm sac.115, 116

Other novel approaches suggested for the detec-
tion of an incompletely excluded aneurysm sac
involve the measurement of fibrin degradation
products (FDPs) and matrix metalloproteinases
(MMPs), which act as surrogate markers of aneu-
rysm activity.
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at all poss
recognition

extension may be placed
renal arteries. Other en-
\ ¢ include the use of angio-
plasty balloon dn attempt to improve the
apposition of the graft to the aortic neck and bal-
loon expandable stent such as the giant Palmaz
stent (Figure 6). Palmaz stents have been found to
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be useful in a variety of situations, where an im-
proved seal is required.1?

More invasive manoeuvres include the use of
periaortic ligatures, which may be placed at laparo-
tomy.118 Whilst this technique avoids aortic cross-
clamping it is associated with significant morbidity
and mortality as it often comes at the end of a
complicated procedure in a patient who would not
otherwise be fit for an open repair.!’® Tying the
periaortic ligatures with a Palmaz stent or balloon
inside the aortic neck may prevent overtightening
and stenosis and at the same time probably
improving seal. The final alternative is conversion
to a traditional open repair.

The treatment modality and timing of type II
endoleaks is controversial. A variety of methods
exist including endovascular, percutaneous, laparo-
scopic and open procedures. In Nottingham we
have advocated the use of intrasac thrombogenic
(either gelatin or more recently polvinylalcohol)
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sponge inserted intraoperatively.120 Patients receive
sponge if patent side-branches are demonstrated
on contrast injection in to the aneurysm sac
(“sacogram”). The sponge is inserted either through
the contralateral iliac limb during aortouni-iliac
endovascular EVAR or alongside the limb of a
bifurcated endograft. A negative sacogram is able
to predict those patients who are unlikely to subse-
quently develop a type II endoleak. Since we start-
ed using sponge our type II endoleak rate has
reduced from 9% to 1.3%.12! If permanent sac
(“void”) fillers are used they may have the potentia
to prevent late type II endoleak and help stabilis
the endograft. These void fillers could be incorp
rated in to the endovascular graft itself.

Other centres prefer to treat type II end
later. Coil embolisation is an attractive tg

cy of this technique. Special care
ensure the channel is completely ¢
sure may be transmitted through

T hey hax & advantage of not
pregedural p@ JTA although there
but definite rls of embolisation in

ers have suggested that
» beneficial. In one study,

operative embolisation com-
pared with 23% of patients who had not under-
gone preoperative treatment.12

The management of type III endoleak is usually
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e-endovascular route using a cov-
e failing endograft. Occasion-

permissible via t}
ered stent to redin

s should be managed expec-
require intervention.
ually observed as an increasing

eak or migration may save the patient from
grsion to open repair, which is associated with
siderable morbidity and mortality in this situa-

D)
@sacs, which appear stable, present
potential difficulty during follow-up. Some
would feel uncomfortable observing sta-

easurement of intra-sac pressures may deter-
hether the patient remains at risk.

Migration

The “healing”, which occurs between a polyester
graft and the aorta, is insufficient and consequently
requires an alternative method of fixation.126
Incorporated in endovascular stent-grafts are one
or more design features, which take the place of
non-absorbable sutures during open surgery. These
include, radial force of the stents in the aortic neck
and hooks (tbarbs) to engage either the aortic
neck or supra-renal aorta. Some stent-grafts have
also incorporated high columnar strength into their
design.

Many 1st generation stent-grafts suffered from
high rates of migration due to inadequate fixation.
The Chuter device had vestigial hooks, which did
not penetrate the full-thickness of the aortic wall.
In Nottingham, 57% migrated during a 7-year fol-
low-up period.4# Worryingly, migration was clearly
identified as a risk factor for subsequent aneurysm
rupture. 1>

Migrations do not tend to appear until a number
of months following device insertion. In one study

August 2003



CURRENT CONCEPTS AND CONTROVERSIES IN ENDOVASCULAR REPAIR OF ABDOMINAL AORTIC ANEURYSMS

the mean delay was 18 months and in another 24
months.4 127 Tt is not clear why migration appears to
peak at this time but may be intimately related with
neck dilation. Some authors have suggested that as
the neck appears to dilate at 1 mm per year, migra-
tion might not occur for 2 to 3 years because of graft
oversizing.128 Tt is still unclear which precedes the
other, neck dilation or migration (suffice to say some
grafts migrate without evidence of neck dilation).

A study by Resch 129 revealed there was a great
difference in the forces required to pullout stent-
grafts from cadaveric aorta. Balloon-expandabl
stents and those with robust barbs placed in th
supra-renal aorta were associated with the

aneurysm morphology and pogsibly

DosSHs,

of studies. Stent-graft
the supra-renal aort

dted with parallax during X-
ray.132 Regular surveillance is mandatory to detect
migration and prevent any complications, including
endoleak, graft occlusion and aneurysm rupture.
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migration invdélv
stent-graft (“cuft”

ques. A report from Dusseldorf
sutures to attach the endograft to

laparosco
descrifs

/70 Graft infection

fections are unusual following EVAR and
common than open repair. Local wound

dlthough aortouni-iliac endografts have a con-
itant femoro-femoral bypass, which is at greater
6f becoming infected. In our series 4.3% of
poro-femoral bypasses became infected but there
was no spread to or involvement of the stent-graft.2o
he graft is not usually exposed to the air prior to
delivery and it is difficult justify EVAR being confined
to the operating theatre on the basis of infection rates
if superior imaging facilities are available in the
endovascular suite. Incidentally, postoperative spiral
CTA may demonstrate gas within the aneurysm sac
(especially following insertion of thrombogenic mater-
iaD).120 The gas is not pathognomonic of infection and
is usually absorbed within a week.

Antibiotic prophylaxis is mandatory. Graft infec-
tions appear more likely during secondary proce-
dures but there is no evidence to suggest whether
patients should receive antibiotic prophylaxis for
subsequent non-EVAR related procedures.
Intuitively there is a wisdom in giving antibiotic
prophylaxis to post-EVAR patients being treated for
focal sepsis such as dental abscess.

The effect of EVAR on patient physiology

One of the potential advantages of EVAR is its
ability to offer more aneurysm patients a successful
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repair. A number of patients are currently turned
down for open repair because of medical co-mor-
bidity. Open aneurysm repair can be performed in
high-risk patients with low mortality but the opera-
tion carries significant major (14%) and total (29%)
morbidity.135

There is no doubt that EVAR carries less physio-
logical stress on patients than open repair. The
degree of bowel ischaemia, endotoxaemia and
cytokine generation is less with EVAR than open
repair.136 Cytokine release is a major factor in the
development of multiple organ failure (MOF) fol,
lowing aneurysm repair, a common mode of pey
operative death in these patients.13” Cardiovasc
respiratory and renal insults are all attenuated
ing and following EVAR.138-140
As a result of the reduced physiologica

é t@d tify 39 articles. 142
- was 3.7%. Endoleak
3% respectively in
4% and 1.4% per

because/they
high risk as th

failure (creatinine>2:0), compromised cardiac fun-
ction (diminished ventricular function or severe
coronary artery disease), poor pulmonary function,
preoperative aortic procedure, a “hostile” abdo-
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men, or an emergency operat1on Jordan et al.

perioperative morbidity and
he definition of “high risk” was

udy, Ananda et al. found that all vari-
OSSUM overpredicted mortality and sug-
hat aneurysm morphology needed to be
orporated in future risk-stratification tools for
ar surgery. 14
ne concern regarding the repair of aneurysms
unfit patients is the natural history of their co-
orbidity. During a 9-year period, 57 patients who
were deemed too unfit for elective AAA repair
were followed up. Fifty patients died during fol-
low-up. Median survival was 18 months and only
20 (35%) died from rupture.l4 In another study of
medically high risk patients undergoing open
repair, 5-year survival was just 46%.135

Early during EVAR results were reported from
single centres. It was clear that more meaningful
data could be acquired from the aggregation of
experiences from multiple centres. Consequently,
important data regarding the outcomes of EVAR
have been gleaned from the analysis of the UK
RETA registry and the EUROSTAR database.

More recently national multicentre randomised
trials have commenced in order to try and define
the role of both EVAR and open repair in the man-
agement of AAA. The UK EVAR studies were com-
menced in 1998 and consist 2 arms. EVAR I ran-
domises fit patients suitable for EVAR to open
surgery or EVAR and EVAR II randomises unfit
patients to EVAR and best medical treatment (BMT)
or BMT and aneurysm surveillance. The trials are
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scheduled to stop recruiting in 2004 unless
stopped. The Dutch DREAM trial has been organ-
ised on similar grounds but compares only those
suitable for both techniques.147

Postrepair aneurysm morphology

Following successful endovascular aneurysm
exclusion it was generally believed that the sac
would progressively shrink and disappear. This
certainly happens in some patients but not al
excluded sacs behave in the same fashio
Confusingly, some excluded sacs will not start
shrink immediately whereas others will
shrinking after 18 months.148 The significand
stable non-shrinking, non-growing aneu
continues to be debated.1 It is difficul
any conclusions from these data. Aneur ,
aneurysm wall and sac composition in addition/to
patient and stent-graft factors may

significance of the infla
mined but similar pheng

is variably rep
expected the

self-expanding t"is placed within side it.156
Overall there appears to be a subset of patients
whose aneurysm neck continues to dilate following
either open or endovascular repair. The difficulty
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lies in identifying—this subset of patients prior to

ft-graft fixation techniques.
E\ aortic morphology following appar-
ssful aneurysm exclusion has been
for mid-term device failure. In one study of
eration device, 69% became buckled or
year. These failures were attributed to
| shrinkage of the aneurysm sac.158
however, have rejected this hypothesis.
ave been unable to identify foreshortening
excluded arterial segment following EVAR,
may suggest a problem with the device.!
kinking is worsened and may be caused by
nigration of both ends of the stent-graft.

Emergency EVAR

The mortality from open repair of ruptured AAA
remains excessive and the prospect of reducing the
mortality from this condition would appear long
overdue. Critically ill patients with ruptured AAA
are just the cohort of patients who may benefit the
most from the reduced physiological insult associ-
ated with EVAR.

Early reports have demonstrated the feasibility of
the technique and identified and surmounted a
number of the challenging areas.160, 161 Importantly,
stent-grafts have been developed for use in the
emergency setting. Subsequent reports have contin-
ued the early work with improved outcome in both
selected patients and “all-comers”.32 Additional
refinements have also been made including the use
of local anaesthesia.l®! One of the greatest obsta-
cles is likely to be the organisation and delivery of
an emergency EVAR service.
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Future prospects

The large multi-centre randomised trials will
hopefully tell us which patients will benefit most
from current EVAR technology. Paradoxically, those
patients who may benefit most are those who are
not included in these current trials, namely those
patients with ruptured aneurysms.

EVAR must be made more applicable and
durable. The prospects of new graft technology,
fenestrated and branched grafts in addition to
endovascular stapling all hold promise to fulfi
these requirements.162, 163

A greater understanding of endoleak, particul
type II endoleak is required. Intrasac pres
telemetry may provide the answers and allow
nalisation of follow-up from the current i
schedules.

There are still many challenges but the f
EVAR appears bright.
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