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Conventional Abdominal Aortic Aneurysm Repair: Evidence-based
Assessment
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Ruptured abdominal aortic aneurysm (AAA) is a freigucause of death (9000 persons per year in titedJn
States). Because open repair is highly effectiyer@venting rupture, surgeons advocate electivgicalr
treatment. With the trend toward evidence-basedcime however, surgeons have come under strorgspre
to justify their therapeutic decisions on the basisbjective data. The purpose of this study vegserform an
evidence-based assessment of conventional suAgfoalrepair.

For surgical treatment of cancer, it is relativefsy to evaluate the effectiveness of surgeryegime survival
rate of unoperated cancer is well documented amgldhn be used as a reference for measuring tberoetof
surgery. A similar knowledge of the natural histofyAAA is prerequisite for determining whether thgerative
risk associated with open AAA repair is offset bseduction in the risk of fatal aortic rupture, whiis the goal
of surgical treatment. In addition to risk/ benefitalysis, this study will seek to answer two goest The first
is the extent to which it is possible to evaluate risk of rupture and thus to select indicationshe basis of
clinical and laboratory findings. The second is $k&lom-asked question of whether endovasculantesd and
even conventional open repair really rule out sgbsat occurrence of rupture. Only by providing cleaswers
to these questions can we know if AAA repair issaidenced-based procedure.

NATURAL HISTORY OF AAA

In early reports such as those of Szilagyi et #le natural history of AAA was extremely poor. 38 probably
because most cases diagnosed at that time invabhemhced aneurysms with large diameters. In the mement
literature mortality rates for unoperated AAA diaged using modern technology have been less algrtmam
those given by Szilagyi. However, these clinicahdaave also been challenged.

The best way to avoid the inherent bias in mosiadi studies would be to use data from autopsigsémom
countries where postmortem studies are performetirontine basis. One such study is available fitwgrcity

of Malmo, Sweden, for the period between 1958 #86185% of deceased subject#)s would be expected,
this study showed that AAA is a predominantly madedition that becomes age-dependent after age&$y
with a peak occurring during the eighth decadéfef The most interesting finding for the purpos$ehe present
study is the number of ruptured AAA found durindgcusy, i.e., 5.6 per year and per 100,000 inhatsit¢h4

for men and 3.0 for women). Peak incidence occupetdieen 80 and 89 years of age in men and ovge &3
in women. In other countries such as England antk¥Ythe same age distribution has been obseruedyith
higher figures.

This corresponds to the absolute incidence of fagtured AAA, but what is the relative incidenddatal
rupture in relation to the total number of AAA disered during autopsy? Only 14% of the total nundfer
AAA discovered during autopsy in Malmo showed sighsupture® In other words, only one of seven
aneurysms caused death. This would mean that éoy @even AAA repairs performed only one patient is
saved. It should be emphasized, however, that Afthis Swedish study was defined simply as thegoes of
ectasia with no mention of diameter. As a resutnynsmall AAA were probably counted, thus lowerihg
overall incidence of rupture.

In a series including 473 AAA discovered duringausty, Darling et al.reported a rupture rate of 24.9%. In
addition to the number of ruptures, the authors edported the diameter of the AAA and calculatedlrupture
rate as a function of AAA diameter. The rupturenabs 9.5% for small aneurysms <4 cm in diamet2i5% of
the total number of AAA) vs. 25% for aneurysms bedw 4 and 7 cm in diameter (31% of the total nurober
aneurysms). This study had two shortcomings, howévest, since autopsy was carried out on hospiskents
rather than on a routine basis, there was prolkahigher number of ruptures. Second, AAA diametier a
death is necessarily smaller than during life beeaaf the absence of mechanical dilatation fromriit
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pressure.

Another question that must be answered involvegatityrassociated with elective AAA repair. Repakrte
mortality rates vary among hospitals and amongmgoMoreover, since groups with high mortality andikely
to publish their results, it seems probable thatttean rates of 3.5% and 3.8% found in the metiiegature’
are unrealistic. A more objective assessment cdow® in an American study conducted in 189he authors
compared the evolution of mortality associated wigttive and emergency AAA repair in a singleestesised
on official documents kept by each hospital. Thesadiage of this approach is that all centers priacfiAAA
repair in the state were included. The mortalitg @ssociated with elective surgery in 1980 wa6%3.
Although this rate fell to 5.6% within a few yeatisese findings provide further proof of the digaecy
between what happens in everyday practice and iwheported in medical journals.

Even if it is assumed that all surgical centersficang AAA repair can achieve a mortality rateambund 2% or
even as low as the 1.4% reported by the Strashporgy and the 1.2% reported by the Cleveland griiiip,
would still not be fair to compare these ratesaliyewith the 14% mortality rate spared by surgdrge main
problem is that the incidence of fatal ruptured AsAigher in the 80 to 89 age grouBecause of this age-
related difference, a different picture is obtaimdten mortality is expressed in terms of yearsfeflbst instead
of individual lives lost. Indeed, the number of geeaf life lost is greater for a death occurringidg elective
AAA repair than for a death resulting from late tune, e.g., at 86 years of age. The comparisondvoeimuch
more favorable for surgery using the 25% mortakfyorted by Darling et &lfor ruptured AAA between 4 and
7 cm, which account for 31% of AAA-related death$iospital.

This shows that AAA size is an essential factolisTimding is not new and it is generally agreeat thatients
with large AAA must undergo surgery. The real comérsy at the present time involves the definibbsmall
aneurysms and their management. We define small A#\kesions with a maximum diameter between 4 ahd 5
cm. Using the same definition, a British stifdyas carried out in which patients with small aysors were
randomly assigned to two groups that underwenteeghrly elective surgery or delayed repair when th
diameter of the aneurysm reached or exceeded 5.Results showed similar survival curves for patesho
underwent immediate repair and patients who undarvepair after a period of active surveillancepdsitive
trend was noted in the immediate repair group dffeyears. A recent Veterans Administration statgd to
similar findings despite a difference in operatimertality: 5.8% for the British vs. 2.7% for the &nicans. The
conclusions of these two studies were identicdhydeg repair until AAA diameter reaches 5.5 cm sloet
result in significantly higher mortality providelat rigorous surveillance is performed. The besdlfitdelayed
repair in terms of economic cost and patient cotrdoe obvious since needless expense and sufferng
avoided for patients who die during the surveillaperiod from causes unrelated to ruptured AAA.

On the basis of these convincing findings, the meoendations of these studies seem quite reasortabla.an
individual standpoint it must be pointed out, hoethat 20 patients died during surveillance & Bhitish
study. It is difficult to explain why someone'stfat died because a known lesion was not treatads, While
AAA size and growth rate may provide a rationalib&sr selecting operative indications, there ateeptions to
the rule and fatal rupture can occur in patienegs@nting aneurysms <5.5 cm in diameter. Thus ifdvbe
useful to define other variables to fine-tune sidecof operative indications.

AAA HIGHER RISK OF RUPTURE

In my opinion, heredity is indubitably an addedffiactor for ruptured AAA. In our experience we idiéied a
group of patients with a strong family tendencyt@urysms in elders, children, and siblings. Sthese
patients have a higher risk of early rupture, imiagdsurgical repair is justifiedf.

Although studies over the past 20 years have peavalidence that the pathogenesis of AAA is nattitr
"atherosclerotic," the fact remains that there lislabetween atheroscleorsis and development o AaAd
consequently that failure to eliminate risk factsugh as hypertension and smoking is extremelyvonédble. A
British study demonstrated that smoking is a megk factor for AAA expansiofi: Cronenwett et al showed
that the presence of hypertension and/or chrorstrottive lung disease was associated with a higtoetality
rate due to rupture of AAA 5 cm in diameter.

In addition to risk factors for atherosclerosisptiner parameter that should be taken into accauoss of
elastin, which leads to AAA enlargement, and ofaen, which is a warning sign for ruptdrelhe reason that
overall collagen content does not change as an Aj#ands is that breakdown of normal collagen is
accompanied by simultaneous synthesis of an alferedof collagen. Altered collagen is predominamthe
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wall of ruptured AAA. Thus it can be thought thagtabolic activity in the aortic wall is intenseqnrito rupture.
Such an increase in metabolism has been documbentedsitron emission tomography (PET) in a fewequas
presenting symptomatic aneurysm or aneurysms oveifye of rupture. Further study is needed, howdwer
validate the utility of PET evaluatidfi.

LABORATORY MARKERS OF RUPTURE RISK

Are there any factors known to inhibit or stimulgteteases that might be assayed in serum? In wibrels,
could laboratory markers be used to identify AAAtthre expanding or at risk for rupture before tteach the
breaking point?

A possible candidate for use as a laboratory senanker is MMP9, which has been directly implicatedhe
proteolytic degradation of the extracellular matfhe aortic wall’ Plasma levels of MMP9 were measured in
three groups of patients: patients with AAA, pattsewith stenosis of the abdominal aorta with ohwaitt
claudication, and control patients with normal aoMMP9 levels were significantly higher in the AAskoup

than in the other two group®A significantly higher concentration of MMP9 wamuhd around the site of
rupture of an AAA. Further study will be necessarygletermine if plasma MMP9 levels are also higharases
involving ruptured AAA®®

Another factor that has been studied as a potesgialm marker ial-antitrypsin ¢1-AT), since it is the most
abundant serum inhibitor of proteaseb;Antitrypsin deficiency is a predisposing factor Emphysema due to
destruction of elastic fibers in the bronchi, anahminvestigators have reported a link between ldpweent of
AAA and presence of chronic obstructive lung dise&towever, current findings are so contradictbgt it is
now impossible to form any opinion as to the sigaifice of this marker for the prognosis of AAA.

LONG-TERM MORTALITY AFTER SURGICAL REPAIR

It has long been known that survival is shortergatients who undergo AAA repair than for patieritthe

same age and gender without AAA. One study comgdifiem expectancy with and without AAA repair shawe
that median survival was 7.4 years after repafiCagears vs. 14.5 years for the reference populatia 4.7
years after AAA repair at 75 years vs. 9 yeardterreference populatidh The shorter survival of patients who
undergo AAA repair has been attributed to the fadahplications of atherosclerosis, which is moneese in
patients with AAA. While this is certainly true,i#t still only fair to wonder first if any risk afipture subsists
after open repair, and second what the exact incelef fatal iatrogenic complications is.

While development of a supraprosthetic AAA dueitatdtion of the interrenal or suprarenal aortpassible,

the actual incidence of this complication is refaly low in correlation with the degree of eladtadf the aortic
lesion rather than with any iatrogenic cause. Tamlications with greater potential to cause falaf open
AAA repair are rupture of false aneurysm involvihg upper suture line and infection of the prosthgraft.
According to one stud$, 2.5% of late mortality after AAA repair is relatéaisurgical complications, especially
aortoenteric fistula. The incidence of fatal ruptof a false aortic aneurysm is difficult to estimgA\ccording to
one study, the incidence of pseudo-AAA at 10 yeas 4% The incidence of rupture involving false
aneurysm has never been systematically studiedh tess determined. Both of these complications lshio@
included in any assessment of risk and potentiagfie

Until more data are available on long-term outcohvell refrain from making any long commentary the
effectiveness of endovascular treatment. The remamtlusions of the Eurostar Stddlindicate that the yearly
combined complication/reoperation rate was appratéty 10% and that it does not diminish with timis
would have to be subtracted from the theoreticakbieof preventing further enlargement of the AAA.

According to the most favorable study on the nathistory of AAA, i.e., the prospective study of W et al.?

the incidence of rupture at 5 years for aneurysiem in diameter is 25%. To determine the effectdss of

open surgery in preventing this 25% rate of rupairg years, we must take into account operativeatity
(currently varying from 1 to 6% or higher) and latertality, which is difficult to assess accuratblyt estimated

to be around 2.5%. Assuming that late mortality is stable and lovseems reasonable to say that the benefit of
open surgery is directly proportional to the naltuisk of the group undergoing surgery and indirect
proportional to operative mortality.

On the basis of this quick assessment of the @skisbenefits of surgical intervention versus ngisat
intervention, it seems to me that the scale tigfawor of surgical intervention, at least insofaragen repair is
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concerned. However, this conclusion remains shaklysaibject to revision at any time. The oppositectigsion
could easily be drawn if operative mortality welighgtly higher in a group of patients with smallesions
associated with a less unfavorable natural history.

The major lesson of the preceding discussion isniportance of our continuous efforts to reducerapee
risks and optimize patient selection. The low nldgtemorbidity rates recently reported by the mekilled
groups*° suggest that there is little to gain in that akeaiore hopeful approach would be to improve patien
selection based on aneurysm diameter by takingaiotount other risk factors such as atherosclerasisly
history, and, soon, appropriate plasma markerP&findings.
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