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IntroducƟ on
An arterial aneurysm is defi ned as a localised dilaƟ on of an artery 
to greater than 50% of its normal diameter. [1] Abdominal aorƟ c 
aneurysm (AAA) is common with an incidence fi ve Ɵ mes greater in 
men than women. [2] In Australia the prevalence of AAAs is 4.8% 
in men aged 65-69 years rising to 10.8% in those aged 80 years and 
over. [3] The mortality from ruptured AAA is very high, approximately 
80%, [4] whilst the aneurysm-related mortality of surgically treated, 
asymptomaƟ c AAA is around fi ve percent. [5] In Australia AAAs make 
up 2.4% of the burden of cardiovascular disease, contribuƟ ng 14,375 
disability adjusted life years (DALYs), ahead of hypertension (14,324) 
and valvular heart disease (13,995). [6] Risk factors for AAA of greater 
than four cenƟ metres include smoking (RR=3-5), family history 
(OR=1.94), coronary artery disease (OR= 1.52), hypercholesterolaemia 
(OR= 1.44) and cerebrovascular disease (OR= 1.28). [7] Currently, the 
approach to AAA management involves acƟ ve surveillance, risk factor 
reducƟ on and surgical intervenƟ on. [8]

The surgical management of AAAs dates back over 3000 years and has 
evolved greatly since its concepƟ on. Over the course of surgical history 
arose three landmark developments in aorƟ c surgery: crude ligaƟ on, 
open repair and endovascular AAA repair (EVAR). This paper aims to 
examine the development of surgical intervenƟ ons for AAA, from its 
experimental beginnings in ancient Egypt to current evidence based 
pracƟ ce defi ning EVAR therapy, and to pay homage to the surgical and 
anatomical masters who made signifi cant advances in this fi eld.

Early defi niƟ on
The word aneurysm is derived from the Greek aneurysma, for 
‘widening’. The fi rst wriƩ en evidence of AAA is recorded in the ‘Book 
of Hearts’ from the Eber Scolls of ancient Egypt, daƟ ng back to 1550 
BC. [9] It stated that “only magic can cure tumours of the arteries.” 
India’s Sushruta (800 ~ 600 BC) menƟ ons aneurysm, or ‘Granthi’, in 
chapter 17 of his great medical text ‘Sushruta Samhita’. [10] Although 
undisƟ nguished from painful varicose veins in his text, Sushruta shared 
a similar senƟ ment to the EgypƟ ans when he wrote “[Granthi] can be 
cured only with the greatest diĸ  culty”. Galen (126-c216 AD), a surgeon 
of ancient Rome, fi rst formally described these ‘tumours’ as localised 
pulsaƟ le swellings that disappear with pressure. [11] He was also 
fi rst to draw anatomical diagrams of the heart and great vessels. His 
work with wounded gladiators and that of the Greek surgeon Antyllus 
in the same period helped to defi ne traumaƟ c false aneurysms as 
morphologically rounded, disƟ nct from true, cylindrical aneurysms 
caused by degeneraƟ ve dilataƟ on. [12] This work formed the basis of 
the modern defi niƟ on. 

Early ligaƟ on
Antyllus is also credited with performing the fi rst recorded surgical 
intervenƟ ons for the treatment of AAA. His method involved midline 
laparotomy, proximal and distal ligaƟ on of the aorta, central incision 
of the aneurysm sac and evacuaƟ on of thromboƟ c material. [13] 
Remarkably, a few paƟ ents treated without asepƟ c technique or 
anaestheƟ c managed to survive for some period. Antyllus’ method 
was further described in the seventh century by AeƟ us, whose detailed 
paper ‘On the DilaƟ on of Blood Vessels,’ described the development 
and repair of AAA. [14] His approach involved stuĸ  ng the evacuated 
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sac with incense and spices to promote pus formaƟ on in the belief 
that this would aid wound healing. Although this belief would wane 
as knowledge of the process of wound healing improved, Antyllus’s 
method would remain largely unchanged unƟ l the late nineteenth 
century.

Anatomy
The Renaissance saw the birth of modern anatomy, and with it a proper 
understanding of aorƟ c morphology. In 1554 Vesalius (1514-1564) 
produced the fi rst true anatomical plates based on cadaveric dissecƟ on, 
in ‘De Humani Corporis Fabrica.’ [15] A year later he provided the fi rst 
accurate diagnosis and illustraƟ ons of AAA pathology. In total, Vesalius 
corrected over 200 of Galen’s anatomical mistakes and is regarded as 
the father of modern anatomy. [16] His discoveries began almost 300 
years of medical progress characterised by the ‘surgeon-anatomist’, 
paving the way for the anatomical greats of the sixteenth, seventeenth 
and eighteenth centuries. It was during this period that the great 
developments in the anatomical and pathological understanding of 
aneurysms took place. 

Pathogenesis
Ambroise Pare (1510-1590) noted that aneurysms seemed to manifest 
following syphilis, however he aƩ ributed the arterial disease to syphilis 
treatment rather than the illness itself.  [17] Stress on the arteries from 
hard work, shouƟ ng, trumpet playing and childbirth were considered 
other possible causes. Morgagni (1682-1771) described in detail the 
lueƟ c pathology of ruptured sacular aorƟ c aneurysms in syphiliƟ c 
prosƟ tutes, [18] whilst Monro (1697-1767) described the inƟ ma, 
media and advenƟ Ɵ a of arterial walls. [19] These key advances in 
arterial pathology paved the way for the Hunter Brothers of London 
(William Hunter [1718-1783] and John Hunter [1728-1793]) to develop 
the modern defi niƟ ons of true, false and mixed aneurysms. Aneurysms 
were now accepted to be caused by ‘a disproporƟ on between the 
force of the blood and the strength of the artery’, with syphilis as a 
risk factor rather than a sole aeƟ ology. [12] As life expectancy rose 
dramaƟ cally in the twenƟ eth century, it became clear that syphilis was 
not the only cause of arterial aneurysms, as the great vascular surgeon 
Rudolf Matas (1860-1957) stated: “The sins, vices, luxuries and worries 
of civilisaƟ on clog the arteries with the rust of premature senility, 
known as arteriosclerosis or atheroma, which is the chief factor in the 
producƟ on of aneurysm.” [20]
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‘HeterotransplantaƟ on of blood vessels’ [34] began with:

 “It has been shown that segments of blood vessels removed from 
animals may be caused to regain and indefi nitely retain their funcƟ on.”

This discovery led to the fi rst replacement of a thrombosed aorƟ c 
bifurcaƟ on by Jacques Oudot (1913-1953) with an arterial homograŌ  in 
1950. The paƟ ent recovered well, and Oudot went on to perform four 
similar procedures. The landmark fi rst AAA resecƟ on with restoraƟ on 
of arterial conƟ nuity can be credited to Charles Dubost (1914-1991) in 
1951. [35] His paƟ ent, a 51 year old man, received the aorta of a young 
girl harvested three weeks previously. This brief period of excitement 
quickly subsided when it was realised that the long-term patency of 
aorƟ c homograŌ s was poor. It did, however, lay the foundaƟ ons for the 
age of syntheƟ c aorƟ c graŌ s. 

SyntheƟ c graŌ s
Arthur Voorhees (1921-1992) can be credited with the invenƟ on of 
syntheƟ c arterial prostheƟ cs. In 1948, during experimental mitral 
valve replacement in dogs, Voorhees noƟ ced that a misplaced suture 
had later become enveloped in endocardium. He postulated that, “a 
cloth tube, acƟ ng as a laƫ  ce work of threads, might indeed serve as 
an arterial prosthesis.” [36] Voorhees went on to test a wide variety of 
materials as possible candidates from syntheƟ c tube graŌ s, resulƟ ng in 
the use of vinyon-N, the material used in parachutes. [37] His work with 
animal models would lead to a list of essenƟ al structural properƟ es of 
arterial prostheses. [38]

Vinyon-N proved robust, and was introduced by Voorhees, Jaretski and 
Blakemore. In 1952 Voorhees inserted the fi rst syntheƟ c graŌ  into a 
ruptured AAA. Although the vinyon-N graŌ  was successfully implanted, 
the paƟ ent died shortly aŌ erwards from a myocardial infarcƟ on. [39] 
By 1954, Voorhees had successfully implanted 17 AAAs with similar 
graŌ s. Schumacker and Muhm would simultaneously conduct similar 
procedures with nylon graŌ s. [40] Vinyon-N and nylon were quickly 
supplanted by Orlon. Similar materials with improved tensile strength 
are used in open AAA repair today, including Tefl on, Dacron and 
expanded Polytetrafl uoroethylene (PTFE). [41]

Modern open surgery
With the development of suitable graŌ  material began the golden age 
of open AAA repair. The focus would now be largely on the Americans, 
parƟ cularly with surgeons DeBakey (1908-2008) and Cooley (1920) 
leading the way in Houston, Texas. In the early 1950s, DeBakey and 
Cooley developed and refi ned an astounding number of aorƟ c surgical 
techniques. Debakey would also classify aorƟ c dissecƟ on into diī erent 
types depending on their site. In 1952, a year aŌ er Dubost’s fi rst 
success in France, the pair would perform the fi rst repair of thoracic 
aneurysm, [42] and a year later, the fi rst aorƟ c arch aneurysm repair. 
[43] It was around this Ɵ me that the risks of spinal cord ischaemia 
during aorƟ c surgery became apparent. Moderate hypothermia was 
fi rst used and then enhanced in 1957, with Gerbode’s development 
of extracorporeal circulaƟ on, coined ‘leŌ  heart bypass’. In 1963, GoƩ  
expanded on this idea with a heparin-treated polyvinyl shunt from 
ascending to descending aorta. By 1970, centrifuge-powered, leŌ -
heart bypass with selecƟ ve visceral perfusion had been developed. 
[44] In 1973, Crawford simplifi ed DeBakey and Cooley’s technique 
by introducing sequenƟ al clamping of the aorta. By moving clamps 
distally, Crawford allowed for reperfusion of segments following the 
anastomoses of what had now become increasingly more complex 
graŌ s. [45] The work of DeBakey, Cooley and Crawford paved the way 
for the remarkable outcomes available to modern paƟ ents undergoing 
open AAA repair. Where once feared by surgeons and paƟ ents alike, 
in-hospital mortality following elecƟ ve, open AAA now has a 30-day 
all-cause mortality of around fi ve percent. [58]

Imaging
It must not be overlooked that signifi cant advances in medical imaging 
have played a major role in reducing the incidence of ruptured AAAs 

Modern ligaƟ on
The modern period of AAA surgery began in 1817 when Cooper fi rst 
ligated the aorƟ c bifurcaƟ on for a ruptured leŌ  external iliac aneurysm 
in a 38 year old man. The paƟ ent died four hours later; however, this 
did not discourage others from aƩ empƟ ng similar procedures. [21]  

Ten further unsuccessful cases were recorded prior to the turn of 
the twenƟ eth century. It was not unƟ l a century later, in 1923, that 
Matas performed the fi rst successful complete ligaƟ on of the aorta 
for aneurysm, with the paƟ ent surviving seventeen months and 
dying from tuberculosis. [22] Described by Osler as the ‘modern 
father of vascular surgery’, Matas also developed the technique of 
endoaneurysmorrhaphy, which involved ligaƟ ng the aneurysmal sac 
upon itself to restore normal luminal fl ow. This was the fi rst recorded 
technique aiming to spare blood fl ow to the lower limbs, an early 
prelude to the homograŌ , syntheƟ c graŌ  and EVAR. 

Early AlternaƟ ves to LigaƟ on
Despite Matas’ landmark success, the majority of surgeons of the era 
shared Suchruta’s millennia-old fear of aorƟ c surgery. The American 
Surgical AssociaƟ on wrote in 1940, “the results obtained by surgical 
intervenƟ on have been discouraging.” Such fear prompted a resurgence 
of techniques introducing foreign material into the aneurismal lumen 
with the hope of promoƟ ng thrombosis. First aƩ empted by Velpeau [23] 
with sewing needles in 1831, this technique was modifi ed by Moore 
[24] in 1965 using 26 yards of iron wire. Failure of aneurysm thrombosis 
was blamed on ‘under packing’ the aneurysm. Corradi used a similar 
technique, passing electric current through the wire to introduce 
thrombosis. This technique became known as fi li-galvanopuncture or 
the ‘Moore-Corradi method’.  Although this technique lost popularity 
for aorƟ c procedures, it marked the beginning of electrothrombosis 
and coiling of intracranial aneurysms in the laƩ er half of the twenƟ eth 
century. [25]

Another alternaƟ ve was wrapping the aneurysm with material in 
an aƩ empt to induce fi brosis and contain the aneurysm sac. AAA 
wrapping with cellophane was invesƟ gated by Pearse in 1940 [26] 
and Harrison in 1943. [27] Most notably, Nissen, the pioneer of Nissen 
fundoplicaƟ on for hiatus hernia, famously wrapped Albert Einstein’s 
AAA with cellophane in 1948. [28] The aneurysm fi nally ruptured in 
1955, with Einstein refusing surgery: “I want to go when I want. It is 
tasteless to prolong life arƟ fi cially.” [28]

Anastomosis
Many would argue that the true father of modern vascular techniques 
is Alexis Carrel. He conducted the fi rst saphenous vein bypass in 1948, 
the fi rst successful kidney transplant in 1955 and the fi rst human limb 
re-implantaƟ on in 1962. [13,29] Friedman states that “there are few 
innovaƟ ons in cardiac and vascular surgery today that do not have roots 
in his work.” [13] Perhaps of greatest note was Carrel’s development of 
the triangulaƟ on technique for vessel anastomosis. 

This technique was uƟ lised by Crafoord in Sweden in 1944, in the 
fi rst correcƟ on of aorƟ c coarctaƟ on, and by Shumacker [30] in 1947 
to correct a four cenƟ metre thoracic aorƟ c aneurysm secondary to 
coarctaƟ on. Prior to this Ɵ me, coarctaƟ on was treated in a similar 
fashion to AAA, with ligaƟ on proximal and distal to the defect. [31] 
These developments would prove to be great milestones in AAA surgery 
as the fi rst successful aorƟ c aneurysm resecƟ on with restoraƟ on of 
arterial conƟ nuity. 

Biological graŌ s
Despite this success, restoraƟ on of arterial conƟ nuity was limited 
to the thoracic aorta.  Abdominal aneurysms remained too large to 
be anastomosed directly and a diī erent technique was needed. 
Carrel played a key role in the development of arterial graŌ ing, used 
when end-to-end anastomosis was unfeasible. The original work 
was performed by Carrel and Guthrie (1880-1963) with experiments 
transplanƟ ng human and canine vessels. [32,33] Their 1907 paper 
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further key research, invesƟ gaƟ ng the causes of aorƟ c stent failure and 
complicaƟ ons. [61] This group went on to pioneer the modular design 
of present day aorƟ c prostheses. [62]

The FDA approved the fi rst two AAA stent graŌ s for widespread use 
in 1999. Since then, technical improvements in device design have 
resulted in improved surgical outcomes and increased ability to treat 
paƟ ents with diĸ  cult aneurysmal morphology. Slimmer device profi les 
have allowed easier device inserƟ on through tortuous iliac vessels. 
[63] Furthermore, fenestrated and branched graŌ s have made possible 
the stent-graŌ ing of juxtarenal AAA, where subopƟ mal proximal neck 
anatomy once meant tradiƟ onal stenƟ ng would lead to renal failure 
and mesenteric ischaemia. [64]

AAA intervenƟ on now and beyond
Today, surgical intervenƟ on is generally reserved for AAAs greater than 
5.5cm diameter and may be achieved by either open or endoluminal 
access. The UK small aneurysm trial determined that there is no 
survival benefi t to elecƟ ve open repair of aneurysms of less than 
5.5cm. [8] The EVAR-1 trial (2005) found EVAR to reduce aneurysm 
related mortality by three percent at four years when compared to 
open repair; however, EVAR remains signifi cantly more expensive and 
requires more re-intervenƟ ons. Furthermore, it oī ers no advantage 
with respect to all cause mortality or health related quality of life. 
[5] These fi ndings raised signifi cant debate over the role of EVAR in 
paƟ ents fi t for open repair. This controversy was furthered by the 
fi ndings of the EVAR-2 trial (2005), which saw risk factor modifi caƟ on 
(fi tness and lifestyle) as a beƩ er alternaƟ ve to EVAR in paƟ ents unfi t 
for open repair. [65] Many would argue that these fi gures are obsolete, 
with Criado staƟ ng, “it would not be unreasonable to postulate that 
endovascular experts today can achieve far beƩ er results than those 
produced by the EVAR-1 trial.” [53] It is undisputed that EVAR has 
dramaƟ cally changed the landscape of surgical intervenƟ on for AAA. 
By 2005, EVAR accounted for 56% of all non-ruptured AAA repairs but 
only 27% of operaƟ ve mortality. Since 1993, deaths related to AAA 
have decreased dramaƟ cally, by 42%. [53] EVAR’s shortcomings of 
high long-term rates of complicaƟ ons and re-intervenƟ ons, as well as 
quesƟ ons of device performance beyond ten years, appear balanced 
by the procedure’s improved operaƟ ve mortality and minimally 
invasive approach. [54] 

Conclusion
The journey towards truly eī ecƟ ve surgical intervenƟ on for AAA has 
been a long and experimental one. Once regarded as one of the most 
deadly pathologies, with liƩ le chance of a favourable surgical outcome, 
AAAs can now be successfully treated with minimally invasive 
procedures. Sushruta’s millennia-old fear of abdominal aorƟ c surgery 
appears well and truly overcome.
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and the morbidity and mortality associated with AAAs in general. The 
development of diagnosƟ c ultrasound began in the late 1940s and 
50s, with simultaneous research by John Wild in the United States, 
Inge Elder and Carl Hertz in Sweden and Ian Donald in Scotland. [46] 
It was the laƩ er who published ‘InvesƟ gaƟ on of Abdominal Masses 
by Pulsed Ultrasound,’ regarded as one of the most important papers 
in diagnosƟ c imaging. [47] By the 1960s, Doppler ultrasound would 
provide clinicians with both a structural and funcƟ onal view of vessels, 
with colour fl ow Doppler in the 1980s allowing images to represent the 
direcƟ on of blood fl ow. The MulƟ centre Aneurysm Study showed that 
ultrasound screening resulted in a 42% reducƟ on in mortality from 
ruptured AAAs over four years to 2002. [48] Ultrasound screening has 
resulted in an overall increase in hospital admissions for asymptomaƟ c 
aneurysms; however, increases in recent years cannot be aƩ ributed 
to improved diagnosis alone, as it is known that the true incidence of 
AAA is also increasing in concordance with Western vascular pathology 
trends. [49]

In addiƟ on to the invesƟ gaƟ ve power of ultrasound imaging, computed 
tomography (CT) scanners became available in the early 1970s. As 
faster, higher-resoluƟ on spiral CT scanners became more accessible in 
the 1980s, the diagnosis and management of AAAs became signifi cantly 
more refi ned. [50] CT angiography has emerged as the gold standard 
for defi ning aneurysm morphology and planning surgical intervenƟ on. 
It is crucial in determining when emergent treatment is necessary, 
when calcifi caƟ on and soŌ  Ɵ ssue may be unstable, when the aorƟ c 
wall is thickened or adhered to surrounding structures, and when 
rupture is imminent. [51] Overall operaƟ ve mortality from ruptured 
AAA fell by 3.5% per decade from 1954-1997. [52] This was due to both 
a signifi cant leap forward in surgical techniques in combinaƟ on with 
drasƟ cally improved imaging modaliƟ es. 

EVAR 
The advent of successful open surgical repair of AAAs using syntheƟ c 
graŌ s in the 1950s proved to be the fi rst defi niƟ ve treatment for AAA. 
However, the procedure remained highly invasive and many paƟ ents 
were excluded due to medical and anatomical contraindicaƟ ons. [53] 
Juan Parodi’s work with Julio Palmaz and Héctor Barone in the late 
1980s aimed to recƟ fy this issue. Parodi developed the fi rst catheter-
based arterial approach to AAA intervenƟ on. The fi rst successful EVAR 
operaƟ on was completed by Parodi in ArgenƟ na on seventh September 
1990. [54] The aneurysm was approached intravascularly via a femoral 
cutdown. RestoraƟ on of normal luminal blood fl ow was achieved 
with the deployment of a Dacron graŌ  mounted on a Palmaz stent. 
[55] There was no need for aorƟ c cross-clamping or major abdominal 
surgery. Similar non-invasive strategies were explored independently 
and concurrently by Volodos, [56] Lazarus [57] and Balko. [58]

During this early period of development there was signifi cant Australian 
involvement. The work of Michael Lawrence-Brown and David Hartley 
at the Royal Perth Hospital led to the manufacture of the Zenith 
endovascular graŌ  in 1993, a key milestone in the development of 
modern-day endovascular aorƟ c stent-graŌ s. [59] The fi rst bifurcated 
graŌ  was successfully implanted one year later. [60] Prof James May 
and his team at the Royal Prince Alfred Hospital in Sydney conducted 
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