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ABSTRACT 

Aims: Aneurysms of the abdominal aorta (AAA) or the iliac arteries (IAA) are 
potentially lethal conditions that can be treated with surgical interventions. 
The emergence of endovascular repair methods in the preceding two decades 
has changed the way aneurysms are treated today. This shift towards 
endovascular treatment has resulted in lower immediate mortality from 
elective AAA surgery, but long-term results are less clear. Because of the high 
mortality from ruptured AAA (RAAA), screening programmes have been 
established in Sweden, the United Kingdom and the United States with 
promising results. In many studies, however, the prevalence of AAA has been 
shown to be on the decline, possibly undermining the benefit of screening. 
This study aimed to investigate the population-based mortality from RAAA 
and the treatment results in Finland. Another aim was to investigate how 
many of the ruptures could potentially have been prevented by a screening 
programme. In addition, our goal was to determine what the actual size of an 
AAA or IAA, specifically an internal iliac artery aneurysm (IIAA), is when it 
ruptures.     
Methods: The study periods varied between sub-studies, ranging from 2000 
up until 2014. Data on RAAA patients was obtained from the hospital registries 
of Helsinki University Hospital and Tampere University Hospital. The Care 
Register for Health Care of the Finnish Institute for Health and Welfare was 
used to obtain data regarding the AAA and RAAA treatment for the entire 
country. Cause-of-death data came from Statistics Finland. Data regarding 
ruptured IIAA was collected through the Vascunet collaboration from 28 
hospitals in seven countries. All data were retrospectively analysed. 
Results: The annual RAAA incidence in Finland was 9.5 per 100 000 
inhabitants in 2000-2004 and fell to 6.8 per 100 000 in 2010-2014; a similar 
fall in the incidence was also seen in the HUS area.  The results of surgery have 
improved for both elective and emergency operations. Population-based 
mortality has also decreased, although over half of the RAAA patients still die 
outside the hospital. The turn-down rate in Finland, and especially in HUS, is 
low compared to many international studies. Screening men for AAA at 65 
years of age could theoretically prevent a maximum of 79% of AAA ruptures in 
men – who constitute over 75% of all RAAA patients. The average AAA size at 
the time of rupture was 77 mm in men and 71 mm in women. The 
corresponding IIAA size was 68 mm, with no significant sex-related 
difference. 
Conclusions: The treatment of AAA in Finland has evolved in a positive 
direction. The same general trend of decreasing AAA prevalence seen in many 
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countries is likely to hold true for Finland as well. Using population-based 
mortality as an indicator of AAA mortality is important, as this also includes 
patients who do not reach the hospital in time to be operated on and patients 
who are turned down for emergency surgery for various reasons. These groups 
are missed when only operative mortality is examined. Most AAA ruptures 
occur at well over the 55-mm operative threshold diameter and over the age of 
65 years. However, especially among smoking men, rupture at a younger age 
is not uncommon. IIAA rupture at under 4 cm is rare, and surveillance until 
this diameter is likely to be safe in most cases.
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INTRODUCTION 

Globally, there were approximately 168 000 deaths and an estimated 2.9 
million years of life lost due to aortic aneurysms (including also aneurysms of 
the thoracic aorta) in 2015, according to data from the Global Burden of 
Disease 2015 study. This is 25% more deaths than in 2005, although the age-
adjusted mortality rate (per 100 000 inhabitants) has fallen by 7% 
(Global Burden of Disease 2015 Mortality and Causes of Death Collaborators 
2016).  

 

Figure 1 Annual mortality per 100 000 inhabitants due to aortic aneurysms in men aged 50-
69 years from 1990 to 2015 in different parts of the world. Data from Global Burden 
of Disease 2015, Global Health Data Exchange, Institute for Health Metrics and 
Evaluation. http://ghdx.healthdata.org. (Global Burden of Disease 2015 Mortality 
and Causes of Death Collaborators 2016). 
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The most common type of aortic aneurysm is an abdominal aortic 
aneurysm (AAA). It mostly affects elderly patients, with a clear male 
predominance. This differs from thoracic aortic aneurysms, which are less 
common but affect a younger population. The AAA prevalence has decreased 
in many parts of the world after having increased steadily since World War II.  
This reduction is mostly credited to the decreasing prevalence of smoking, 
which is the primary risk factor for AAA. An AAA is most often asymptomatic 
until the slowly enlarging aneurysm reaches a point where the pressure on the 
aortic wall exceeds its strength and the aneurysms ruptures. This is a medical 
emergency with mortality in excess of 80 percent. Immediate surgery is the 
only treatment for a ruptured aneurysm, although it carries a high 
perioperative mortality rate. 

The insidious natural course of an AAA, often proceeding directly from 
asymptomatic and unknown to a lethal emergency, has motivated research to 
develop measures to prevent aneurysm rupture. No pharmacological 
treatments have been proven to be effective in reducing aneurysm growth or 
the risk of rupture. Surgical repair is the only therapeutic option to prevent 
rupture. Elective repair is associated with significantly smaller mortality, but 
it is not without its risks. Finding the right time for an intervention is 
paramount so that aneurysms at high risk can be prevented before 
catastrophic rupture, but patients with aneurysms that are likely to never put 
the patient at the risk of death are not subjected to unnecessary repair. Because 
of the tendency of aneurysms to slowly grow, with the risk of rupture 
incrementally increasing with increasing diameter, surveillance is usually 
warranted. 

An AAA has been seen as ideal for a screening programme, as it can easily 
and reliably be found with a simple ultrasonographic (US) examination. Based 
on randomised controlled trials, AAA screening has been implemented in the 
United Kingdom, Sweden and, to some extent, in the United States. These 
programmes have been proven effective in reducing AAA-related mortality. 
Nevertheless, the decline seen in AAA prevalence has diluted the enthusiasm 
for establishing screening programmes in other countries, even though 
screening for AAA has consistently been shown to be cost-effective. The up-
front costs of screening are, however, considerable, and the benefits come 
later.  

The last couple of decades have seen a huge change in the way in which 
aneurysms are treated. Endovascular treatment of AAA was pioneered 
independently from each other by Nikolay Volodos in the Ukraine and Juan 
Parodi in Argentina. Since the first steps taken by them, endovascular 
aneurysm repair (EVAR) has become the first-line treatment of AAA in most 
centres, also in the treatment of ruptured AAA (REVAR). EVAR has evolved 
into a treatment method with which almost all aortic pathologies can be 
treated: thoracic aneurysms with TEVAR, and juxtarenal AAAs with branched 
or fenestrated EVAR (bEVAR and fEVAR). Open repair still has its place, 
however. Its long-term durability is yet to be matched by EVAR. 
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A manifestation of the same disease, but less common than AAA and 
occasionally accompanying it, is iliac artery aneurysm (IAA). Less research has 
gone into IAA although, in the case of rupture, they can be just as deadly as an 
AAA. IAAs are generally repaired after they reach a diameter of 30 mm and 
AAAs after 55 mm. The AAA threshold is based on level I evidence, but the IAA 
threshold is not. 

This study focused on using primarily registry data to evaluate the 
epidemiology of RAAA and the results of its repair. Finland has long-standing 
traditions in keeping comprehensive national registries and making these 
available for researchers. In addition, it is easy to combine data from various 
registries using personal identity numbers, which are unique for every 
individual living permanently in Finland.
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REVIEW OF THE LITERATURE 

1 HISTORY OF ANEURYSM SURGERY 

1.1 EARLY HISTORY 

On Sunday, the 12th ult., Mr. JAMES, one of the surgeons of this 
institution placed a ligature upon the AORTA, in a case of aneurism 
of the external iliac artery. In one of the Exeter papers, it is stated that 
the operation was “successfully performed”; but it was that kind of 
success of which the Irishman boasted when he had killed his hog, for 
the patient survived the infliction of the knife only two or three hours. 
It is an appalling operation, and we hope not to hear of its repetition—
at least in a case of aneurism of the external iliac artery. 

The Lancet: Volume 12, Issue 310, Page 607 (8 August 1829)  

The Book of Hearts of the Ebers Papyrus is the first in which aneurysms are 
described in writing: “If thou examinest a swelling of vessels in any limb of a 
man, and thou findest that it… grows under thy fingers, at every going… then 
thou shalt say concerning it: it is a swelling of a vessel… It is vessels that cause 
it and it arises through injury to a vessel.” This collection of ancient Egyptian 
medical knowledge dates from ca. 1500 BCE. Fire was stated as the only means 
of treating an aneurysm, although speaking of these swellings of the vessels, it 
is also stated that “thou shalt not put thy hand to such a thing” (Ghalioungui 
1963). In India, Sushruta (800-600 BCE) described an aneurysm as Sira 
Granthi or tumour of the blood vessel in the medical text Sushruta Samhita 
(Verma et al. 2015).  

The Greek surgeon Antyllus, who lived in Rome in the 2nd century CE, 
treated aneurysms with ligation of the arteries entering and leaving the sac and 
packed the aneurysm sac after opening it. He also described true and false 
aneurysms. No original writings of Antyllus have been preserved, but his 
methods were described by Oribasius who lived in the 4th century CE. These 
are the first recorded attempts to treat aneurysms (Osler 1915). The famous 
Greek physician Galen (129-216 CE) described aneurysms due to trauma. The 
treatment of aneurysms by proximal control and opening the sac and ligating 
the orifices of the entering arteries was also described by the Byzantine Greek 
physician Aëtius in the 5th century CE (Thompson 1998).  
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The first descriptions of abdominal and thoracic aortic aneurysm were 
given by Andreas Vesalius (1514-1564) (Osler 1905). His friend and colleague 
Ambroise Paré (1510-1590) described a rupture of a thoracic aortic aneurysm: 
“The aneurismaes which happen in the internall parts are uncurable” (Osler 
1909). Paré also noted that syphilis can cause aneurysms through 
degeneration of the arterial wall (Osler and McCrae 1921). He mentioned that 
aneurysms can thrombose and also advised against incising inflamed 
pulsating masses as this can lead to an exsanguinating haemorrhage. He 
advocated the proximal ligation of aneurysms without opening the sac. 
Giovanni Battista Morgagni (1682-1771) observed that aneurysm can erode 
adjacent vertebral bodies (Osler 1905; Thompson 1998). The German surgeon 
Matthaeus Purmann (1648-1721) operated on an antecubital space aneurysm 
in 1680 by ligating the artery proximally and distally to the aneurysm. This 
type of false aneurysm was a common complication of bloodletting by the 
puncture of the median basilic vein. The Scottish surgeon John Hunter (1728-
1793) studied the development of collateral circulation of occluded main 
arteries. On 12 December 1785 he ligated the superficial femoral artery of a 
patient with a popliteal aneurysm in the area known today as the Hunter’s 
canal. The patient and his limb survived, and the aneurysm shrank (Thompson 
1998). 

Aneurysms of the abdominal aorta were considered very rare. William 
Osler published the experience at Johns Hopkins Hospital from 1889 to 1904. 
During that time, there were only 17 cases. The reported incidence at Guy’s 
hospital in London in the mid-19th century was similar (Osler 1905).  

Syphilis was suspected early on as the main culprit of aneurysms (Osler 
1909), even though not everyone was convinced. Myers observed that 
aneurysms were more common in the army than in the navy. Because syphilis 
was common in both, he suspected that the real cause of the higher incidence 
in the former must be the mechanical obstruction caused by the tight collar of 
army uniforms (Myers 1869). 

One hypothesis on the origins of syphilis states that the disease was 
brought to Europe by the crew of Christopher Columbus on their return from 
the New World in 1493 (Tampa et al. 2014). Arsphenamine (Salvarsan or 
Compound 606), an arsenic compound that was introduced in 1910s, was the 
first effective treatment. It was supplanted by penicillin in the 1940s. This, 
along with the increased lifespan, had a significant effect on aortic aneurysms. 
For example, when Kampmeier published 73 aneurysm cases from the 
previous 30 years in 1936 in New Orleans, 57% of the patients had syphilis and 
only “very few” aneurysms were due to atherosclerosis (Kampmeier 1936). A 
decade later, 102 cases in the Mayo Clinic through to the end of 1947 were 
reviewed by Estes, and atherosclerotic aneurysms accounted for 96% of all 
aneurysms (Estes 1950). As atherosclerotic (or degenerative) aneurysms 
became the most common type, the patients in general also became older, as 
patients with syphilitic aneurysms tended to be relatively young. 
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In 1817, the English surgeon Sir Astley Cooper (1768-1841) ligated the 
aorta of a patient with a leaking iliac aneurysm. He performed the procedure 
through a small transperitoneal incision and ligated the aorta with a single 
ligature. The patient’s left leg became ischaemic, and he died 40 hours later 
(Cooper and Travers 1821). Cooper himself noted later in his lectures that “l 
know, for my own part, that l would not hesitate to have my own aorta tied, if 
it would save my life for only forty hours” (Cooper 1830; Thompson 1998).  

In the following decades, attempt to ligate the aorta were made but all 
resulted in the death of the patient. The first successful case of aortic ligation 
was by American surgeon Rudolph Matas (1860-1957). He ligated the aorta 
for the treatment of an aneurysm on 9 April 1923 (Matas 1925). The patient 
developed “a leaking aneurysm of the abdominal aorta at the bifurcation; 
involving both common iliacs; with progressive retroperitoneal extravasation” 
as a sequela of syphilitic aortitis. The abdominal aorta was ligated immediately 
above the sac with two sterilized cotton tape ligatures. According to Matas, 
“the patient died with her aneurysm clinically cured” a year later due to 
tuberculosis. Based on a post-mortem examination, the success of this 
operation, as opposed to previous ligations of the aorta, was attributed to the 
fact that the cotton ligatures had loosened and allowed a small stream of blood 
to flow into the aneurysm, creating only a partial occlusion which led to 
gradual thrombosis of the aneurysm, allowing time for adequate collateral 
circulation to develop (Matas 1940).  

Matas had described his technique of endoaneurysmorrhaphy in a paper 
entitled “An operation for the radical cure of aneurism based upon 
arteriorrhaphy” published in 1903, although he had not treated abdominal 
aortic aneurysms with the technique (Matas 1903). This technique consisted 
of opening the aneurysm sac after proximal control and removing the 
thrombus within, suturing the bleeding orifices, and infolding the walls of the 
sac with several rows of sutures to obliterate the aneurysm cavity. This basic 
principle, which is the same as was described by Antyllus, is still used in open 
aneurysm repair combined with the reconstruction of the aorta. As opposed to 
the complete excision of the aneurysm, it has the advantage of preserving the 
collateral circulation. In his original article, Matas also suggests that, in certain 
rare cases of fusiform aneurysms where the walls are not severely diseased, the 
sac could be folded in a manner that would preserve a lumen the diameter of 
the native artery (Matas 1903).  

The techniques that were used for the treatment of aneurysms before 
synthetic grafts were varied. They included external compression by medical 
personnel for even days at a time, treating aneurysm walls with talc to induce 
scarring, or wrapping the aneurysms with skin grafts or in cellophane (Fortner 
and Johansen 1984; Bergqvist 2008). The last-mentioned method was used 
by Rudolph Nissen to treat Albert Einstein’s abdominal aortic aneurysm in 
December 1948. Six years later, the aneurysm ruptured and Einstein refused 
surgical treatment. He died a few days after the rupture on 18 April 1955 
(Cohen and Graver 1990). 
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William Stewart Halsted (1852-1922) tried using silver and aluminium 
bands to ligate the aorta, but this usually lead to an infection or to a fatal 
haemorrhage as the bands cut through the aortic wall (Friedman 2005). Alfred 
Velpeau inserted three pairs of sewing needles into the aorta in order to cause 
thrombosis in 1831 (Friedman 2005; Bergqvist 2008). Aneurysms were also 
treated by inserting silver, gold platinum, iron, steel or copper wires to cause 
thrombosis of the aneurysm. This was first done by Moore, a British surgeon, 
in 1864. Alfonso Corradi in 1879 applied electricity to the inserted wires (Osler 
and McCrae 1921). The results were not especially good. Blakemore in New 
York used progressive constriction of the aorta, with a rubber band wrapped 
with polythene film proximally to the aneurysm, followed by the insertion of 
long segments of silver wire into the aneurysm and directing 100 volts of direct 
current into the wires. This heated the wires to ca 80 degrees Celsius. The goal 
was to cause controlled, progressive clotting of the aneurysm (Blakemore 
1953). 

According to Elkin, 25 cases of aortic ligation were published as of 1940, 
and in only 5 cases the operation was a success (Elkin 1940). In his review 
published the same year, Bigger concludes as follows: “Up to the present time, 
all forms of therapy have yielded poor results. Strictly conservative treatment 
offers little, and wiring, either with or without electrolysis, is at best only 
palliative. Judging from the literature, only a small number of surgeons have 
felt that direct surgical attack upon aneurysms of the abdominal aorta was 
justifiable, and it must be admitted that results obtained by surgical 
intervention have been discouraging.” (Bigger 1940) 

1.2 MODERN TIMES 

I want to go when I want. It is tasteless to prolong life artificially. I 
have done my share. It is time to go. I will do it elegantly. 

Albert Einstein (1879-1955) when he was offered 
repair for a ruptured AAA by Frank Glenn in 1955 

The development of safe and controllable anaesthesia as well as the 
appreciation and understanding of aseptic principles helped transform 
surgery from an emergency high-risk operation to a more controlled elective 
procedure, thus also making aortic surgery possible on a whole new level.  

On 19 October 1944, Crafoord and Nylin in Sweden performed the first 
successful end-to-end anastomosis of the thoracic aorta after the resection of 
an aortic coarctation (Friedman 2005). Freeman reported that, on the 12th of 
February 1951, his team had repaired an infrarenal aneurysm using the 
patient’s own iliac vein as a graft. However, this patient died suddenly 6 hours 
after the operation. After modification of the technique, they used it 
successfully on subsequent patients (Freeman and Leeds 1951). The first 
successful resection and reconstruction of an abdominal aortic aneurysm with 
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a homograft was performed by Charles Dubost in Paris on 29 March 1951 
(Dubost 1954). The graft he used was a thoracic aorta taken from a 20-year old 
woman 3 weeks previously. It was not long before many reports of successful 
homograft reconstructions started appearing from several surgical teams.  

Dubost’s technique included the resection of the entire aneurysm sac, 
which could be challenging. In 1966, Oscar Creech combined Matas’ 
endoaneurysmorrhaphy technique with graft reconstruction without the 
resection of the aneurysm sac and thus considerably simplified the procedure 
(Creech 1966). The first successful repair of a ruptured abdominal aortic 
aneurysm, on 13 March 1953, is credited to Henry Bahnson (Bahnson 1954). 
Availability was a problem with aortic homografts, and fresh homografts were 
also prone to degeneration over time and required ABO compatibility. 
Homograft cryopreservation methods were developed, which led to increased 
durability and a better storage and availability of grafts (DeBakey and Cooley 
1954).   

In 1952, Voorhes, Jaretski and Blakemore reported using a tube of Vinyon-
N (polyvinyl chloride) cloth, which was used in parachutes, as an artificial 
substitute of a dog’s aorta and later used the same technique on patients 
(Voorhees et al. 1952; Blakemore and Voorhees 1954). However, the Vinyon-
N did not prove to be a satisfactory material in the long term. Many different 
materials were also experimented on, including ivory, glass, paraffined 
aluminium or silver, gold-plated aluminium and silk (Blakemore and 
Voorhees 1954; Friedman 2005). Nylon prostheses were attempted but did not 
prove successful. Teflon (polytetrafluoroethylene, PTFE) and Dacron 
(polyethylene terephthalate, polyester, PET), developed in the period around 
World War II, fared better. Michael DeBakey collaborated with textile 
engineer Thomas Edman to build a knitting machine to make seamless Dacron 
crafts. Dacron, a DuPont trademark for PET, was synthesised in 1941. The 
graft was introduced in 1957, and an improved version is still in use. Early 
knitted grafts were prone to dilatation over time but were still superior to 
previous synthetic grafts. Szilagyi developed a vascular graft made of 
elasticised woven Dacron. PTFE was synthesised in 1938 and trademarked as 
Teflon by DuPont. The grafts in use today are made of expanded PTFE 
(ePTFE). Their clinical use was first reported in 1976 (Campbell et al. 1976).  

As surgeons’ experience with aneurysms increased, more challenging 
operations, such as thoracoabdominal aneurysm repair became possible. In 
1955, Etheredge repaired one by using a temporary shunt from the distal 
thoracic aorta to the distal abdominal aorta. A homograft was used, and 
visceral vessels were implanted into it. DeBakey described a similar technique 
the following year. In 1974, Stanley Crawford reported his experience of repair 
with a Dacron graft with side-arms used for implanting the visceral vessels 
(Thompson 1998). 
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1.3 THE ENDOVASCULAR ERA 

 

There are three stages in the history of every medical discovery. When 
it is first announced, people say that it is not true. Then, a little later, 
when its truth has been borne in on them, so that it can no longer be 
denied, they say it is not important. After that, if its importance 
becomes sufficiently obvious, they say that anyhow it is not new.  

Sir James Mackenzie, 1853-1925 

The diagnostics and treatment of vascular diseases was revolutionised by 
arteriography and the development of percutaneous intraluminal procedures. 
X-rays were discovered by Wilhelm Konrad Röntgen on 8 November 1895. The 
first arteriograms of a living human were performed by Barney Brooks in 1924 
using sodium iodine. In 1929, Reynaldo dos Santos performed the first 
abdominal aortogram, and in 1963, radiologist Charles T. Dotter (1920-1985) 
inadvertently recanalized an occluded right iliac artery by passing a catheter 
through the occlusion to perform an abdominal aortogram (Friedman 2005). 
On 16 January 1964, Dotter and Melvin Judkins performed the first 
intentional transluminal dilation of a local stenosis of the superficial femoral 
artery. The first balloon angioplasty was performed by Andreas Grüntzig on 12 
February 1974 (Mueller and Sanborn 1995). The development of stents then 
followed in the 1980s. 

Juan Parodi, an Argentinian surgeon, collaborated with radiologist Julio 
Palmaz, the inventor of the Palmaz stent, in developing the concept of 
endovascular aneurysm repair. On 7 September 1990, a 70-year-old patient 
with a 6-cm abdominal aortic aneurysm, deemed unfit for open surgery, 
became the first patient treated with Parodi’s endovascular aneurysm repair 
method at the Instituto Cardiovascular de Buenos Aires (Parodi et al. 1991). 
The procedure was performed under local anaesthesia by Parodi and Palmaz. 
The stent graft used by Parodi was a knitted Dacron graft that was sutured on 
to a balloon-expandable stent. The patient lived nine years after the operation, 
and his cause of death was pancreatic cancer (Yao and Eskandari 2012).  

Other research groups were developing similar minimally invasive 
approaches at the same time as Parodi. Nikolay Volodos of the Kharkov 
Research Institute of General and Urgent Surgery in Khrakov, Ukraine, 
created a self-expanding Z stent. The device was patented in the Soviet Union 
on 22 May 1984. It was first used for treating iliac artery stenosis on 4 May 
1985, which marked the first time endovascular stent graft surgery was 
performed. In March 1987, Volodos implanted a stent graft for the treatment 
of a traumatic pseudoaneurysm of the descending aorta. In 1989, he attempted 
to use a stent graft for the repair of an abdominal aortic aneurysm, but because 
of twisting of the contralateral limb, the procedure had to be converted to an 
open one. On 12 May 1993, Volodos successfully repaired an abdominal aortic 
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aneurysm using a one-piece bifurcated stent graft (Volodos et al. 1988; 
Volodos et al. 1991; Volodos 2015). 

The first endovascular aneurysm repair (EVAR) in Western Europe was 
done by Parodi in Nancy, France, in October 1992, and in November 1992 
Parodi performed the first EVAR in the United States in New York (Veith et al. 
2014). On 21 April 1994, the first ruptured abdominal aortic aneurysm was 
treated with a stent graft at the Montefiore Medical Center in New York (Marin 
et al. 1995; Veith et al. 2009). The first published report of emergency repair, 
however, is of a patient treated in Nottingham in the United Kingdom on 29 
October 1994 (Yusuf et al. 1994). 

The first stent grafts were surgeon-made with a Dacron or PTFE graft 
sutured onto a stent. Some early stent grafts only had a proximal stent and 
others a stent in the proximal and the distal end of the graft. This meant that 
a distal endoleak was a common occurrence, and many patients required a 
second operation in which an aorto-uni-iliac device was placed and the 
contralateral common iliac was occluded, first by a detachable balloon and 
later by a covered stent. A femoro-femoral bypass was then carried out. In 
some cases, instead of a stent, the distal end of the graft was fixated with 
sutures placed through an arteriotomy at the distal site (Parodi 1996; Veith et 
al. 2014). Finland’s first EVAR took place on 7 November 1996 at the Surgical 
Hospital in Helsinki (Aho et al. 2002), the same hospital in which open 
aneurysm surgery in Finland began almost 40 years previously (Tala 1961). 

Commercial versions of stent grafts soon followed the surgeon-made ones. 
The first one-piece stent graft evolved into modular systems starting with 
bifurcated devices. On 31 May 1994, the first modular bifurcated stent graft 
was successfully implanted by Claude Mialhe et al. at Clinique Notre Dame in 
Draguignan, France (Mialhe et al. 1997). Later, fenestrated and branched 
devices used for juxta- and suprarenal aneurysms were developed (Park et al. 
1996; Browne et al. 1999). The long-term results of the first generation of stent 
grafts were generally poor (Leurs et al. 2007; Mestres et al. 2010).  The 
technology, however, has evolved and endovascular treatment has become the 
first-line treatment for AAA in most large centres (Beck et al. 2016). With 
modern stent grafts, practically every part of the aorta can be treated 
endovascularly, although some doubt still remains on the durability of these 
repairs. The treatment of visceral and peripheral aneurysms by endovascular 
means is also commonplace. At the beginning of the EVAR era, inguinal 
incisions were made and femoral arteries exposed, but modern EVAR 
procedures are primarily done percutaneously.  

The treatment of aneurysms and the results of treatment were virtually 
unchanged from ancient Egyptian times until the 1950s when aortic 
reconstruction could finally be performed. Since then, advancements in 
surgical techniques, anaesthesia and imaging have reduced the associated 
morbidity and mortality. The advancements made in endovascular aneurysm 
repair during the previous three decades have considerably effected how 
modern aneurysm treatment is performed.   
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2 ABDOMINAL AORTIC ANEURYSM 

2.1 DEFINITION 

ANEURYSM (or less commonly aneurism): an abnormal blood-filled 
bulge of a blood vessel and especially an artery resulting from 
weakening (as from disease) of the vessel wall 

Origin and etymology: Greek aneurysma, from aneurynein to 
dilate, from ana- + eurynein to stretch, from eurys wide 

Merriam-Webster Dictionary 

2.1.1 DIAMETER 
The Ad Hoc Committee on Reporting Standards of the Society for Vascular 
Surgery defined aneurysm as a focal dilatation of over 50% in diameter 
compared to the normal diameter of the corresponding artery based on 
measurements on healthy individuals (Johnston et al. 1991). The values of 
normal vessel diameters published in the paper, which are derived from 
several other studies, are shown in Table 1 as well as corresponding threshold 
values for aneurysmatic dilatation.  

Other definitions for aneurysm are an increase in diameter of over 2 
standard deviations compared to normal values or a 50% increase compared 
to the adjacent healthy artery. The former was used in a Swedish study on a 
70-year-old population where the normal diameters of different segments of 
the aorta were defined based on MRI imaging (Wanhainen et al. 2008). These 
normal values and threshold diameters for aneurysmatic dilatation are shown 
in Table 1. The definition of a ratio of the suprarenal to infrarenal aortic 
diameter of over 1.2 is also sometimes used. Normal diameters have not been 
defined for all arteries, nor are separate values always available for men and 
women. The normal diameter of the aorta also increases throughout the life of 
the patient (Dixon et al. 1984; Evans et al. 1992). In general, aneurysm is a 
focal dilatation of over 50%; a dilatation of under 50% but over normal 
diameter is called ectasia. Continuous dilatation of over 50% in multiple 
segments of the arteries is called arteriomegaly (Johnston et al. 1991). 

There is no standardised method of defining the maximal diameter of the 
aorta. It is affected by the plane in which it is measured, the axis used, and 
from where to where the diameter is measured. The plane used should usually 
be perpendicular to the centreline of the aorta. The commonly used axes are 
anteroposterior (AP) or transverse (left-right), but others are used as well. The 
diameter can be measured from the adventitial layer to the opposite 
adventitial layer (outer to outer), from the intimal layer to the opposite intimal 
layer (inner to inner), or from the adventitial layer to the opposite intimal layer 
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(leading edge to leading edge or outer to inner). All these methods produce 
different results, which makes comparisons between studies unreliable (Long 
et al. 2012). The imaging modality (US, CT, MRI) also affects the results. US is 
especially prone to inter-observer and even intra-observer error, as it is highly 
dependent on the experience of the person performing the examination. The 
acceptable variation between US studies in screening programmes in England 
and the United States is 5 mm (Beales et al. 2011).     

2.1.2 TRUE AND FALSE ANEURYSM  
Aneurysms can be classified as true or false aneurysms (pseudoaneurysms) 
(Cronenwett and Johnston 2014). A true aneurysm is an actual dilatation of 
the vessel and contains all layers of the vessel wall. A false aneurysm results 
from a disruption of the vessel wall and a contained haematoma, the wall of 
which is formed by connective tissue in reaction to the haematoma. False 
aneurysms are often the result of trauma, in many cases iatrogenic trauma due 
to arterial puncture. False aneurysms may also form in surgical anastomoses. 

Aneurysms can also be classified according to their shape as fusiform or 
saccular (Cronenwett and Johnston 2014). Saccular aneurysms can be further 
divided into concentric and eccentric saccular aneurysms. Most degenerative 
aneurysms are fusiform or concentric saccular. Eccentric saccular aneurysms 
are often infectious or traumatic in origin. It is also the typical shape of 
cerebral and intracranial aneurysms. Penetrating aortic ulcers and intramural 
haematomas caused by a tear in the intima of the vessel, but no further 
dissection of the vessel wall, may develop into eccentric saccular aneurysms. 
The rupture risk is not as well-characterised for eccentric saccular as for 
fusiform or concentric saccular aneurysms.       

Aneurysms can be classified according to aetiology. The most common type 
is a degenerative, or atherosclerotic, aneurysm. Aneurysms arising because of 
genetic causes can be classified separately, and aneurysms caused by infection 
are their own group, often called mycotic aneurysms, as are inflammatory 
aneurysms. 

2.1.3 DEGENERATIVE ANEURYSM 
Degenerative or atherosclerotic aneurysms are the most common type. 
Although atherosclerosis and aneurysms are often found in the same patients, 
the term atherosclerotic aneurysm is somewhat misleading, as according to 
present knowledge, atherosclerosis is likely not the cause of these aneurysms. 
The major predisposing factors for AAA are largely same as those for 
atherosclerosis, but the genes predisposing to atherosclerosis have not been 
shown to cause AAA formation (Saratzis and Bown 2014). Recently, aneurysm 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

28 
 

 

Table 1 Diameters of normal arteries and aneurysm thresholds based on two definitions 
Modified from Johnston et al. 1991 and Wanhainen et al. 2008.  
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formation as well as atherosclerosis have been begun to be regarded as not just 
degenerative but an active disease process with inflammation and immunity 
contributing to it (Libby and Hansson 2015). The pathophysiology of 
degenerative AAA is discussed in section 2.2.  

2.1.4 GENETIC ANEURYSM 
Inherited connective tissue diseases, such as Ehlers-Danlos, Marfan, and 
Loeys-Dietz syndromes, can be a cause of aneurysms. Most often, these types 
of aneurysms involve the thoracic aorta or are the sequalae of dissection. 
Sometimes they can, however, be found primarily in the abdominal aorta.  

2.1.4.1 Ehlers-Danlos syndrome 
Ehlers-Danlos syndrome has several subtypes which have varied clinical 
presentations and genetic backgrounds. The common link between the 
subtypes is the alteration of the fibrillary collagen metabolism. The prevalence 
of Ehlers-Danlos syndrome is estimated to be 1 per 5 000-250 000 births. 
Characteristic findings include alterations in the skin, ligaments and joints, 
blood vessels, and organs. Type 4, which has autosomal dominant inheritance, 
is called vascular Ehlers-Danlos syndrome and contributes to approximately 
5% of all cases. The prognosis is the worst of all the Ehlers-Danlos subtypes, 
the median life-expectancy being 40-50 years. It is caused by deficiency of 
type III collagen as a result of mutations in the COL3A1 gene. Patients have 
cutaneous, skeletal and vascular abnormalities. Contrary to the classical 
manifestation of Ehlers-Danlos syndrome, skin hyperextensibility in not 
present, but the skin is often transparent and the underlying veins prominent. 
Easy bruising and rupture of middle-sized arteries as well as of the bowel or 
the uterus have been described. Obstetric and gynaecologic complications 
such as premature rupture of membranes, and surgical complications 
including wound dehiscence and hernia development are typical. Maternal 
death rates are in excess of 10%. Other Ehlers-Danlos types can also have 
arterial involvement, but this is less common. There is some evidence of the β-
blocker celiprolol being protective against arterial rupture in Ehlers-Danlos 
patients (Eagleton 2016).  

Surgery on Ehlers-Danlos patients is risky because of tissue fragility. A 
review of all the reported vascular Ehlers-Danlos syndrome cases through to 
2010 found 231 patients. Almost half of the patients had an arterial aneurysm, 
or, in many cases, multiple aneurysms, and one in three presented with a 
spontaneous rupture of a nonaneurysmatic artery. Of the patients reported 
after 1996, 44 underwent open surgical procedures, with operative mortality 
of 30%. Endovascular procedures were performed on 33 patients, with a 
mortality of 24%. The cause of death in open surgical procedures was most 
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often intraoperative or postoperative bleeding, while bleeding complications 
were less frequent after endovascular procedures (Bergqvist et al. 2013).   

2.1.4.2 Marfan syndrome 
Marfan syndrome, an autosomal dominant disease described by French 
paediatrician Antoine-Bernard Marfan in 1896, has an incidence of 
approximately 1 per 5000. The syndrome has several phenotypes and is 
associated with mitral valve disease, thoracic aortic aneurysms (TAA) and 
dissection, but also with ocular, skeletal and pulmonary manifestations. The 
cardiovascular manifestations are the primary cause of mortality and 
morbidity, however. Over 1500 mutations in the FBN1 gene are known to 
cause the disease. FBN1 encodes fibrillin-1, which is a component of the 
extracellular matrix and aortic wall. Mutations in FBN1 may affect the 
extracellular matrix directly or have an effect on the transforming growth 
factor β (TGFβ) signalling pathways (Saratzis and Bown 2014).  

Marfan patients should be under surveillance for aortic root enlargement, 
and aortic root replacement should be performed when the threshold diameter 
is reached. After root replacement, roughly 10% of Marfan patients develop a 
descending aortic dissection. Repair of the descending thoracic aorta is 
required usually only as a complication of dissection. In 50 patients with 
Marfan syndrome undergoing thoracoabdominal aortic repair, 82% had a 
prior dissection (Coselli and LeMaire 1997). AAAs have only been reported in 
isolated cases in Marfan patients. Of 298 aortic operations for patients with 
confirmed or suspected Marfan syndrome, only 3 were due to an AAA not 
caused by dissection (LeMaire et al. 2006). Hagerty et al. published a series of 
12 Marfan patients with true AAA. Their literature search revealed only 13 
previously reported patients with Marfan syndrome and AAA from 1976 to 
2009. The average age of these 13 patients was 37 years (range 16-73), and the 
average age of their own 12 patients was 44 years (range 18-63). All of the 
patients also had an aortic root dilation, and all but one had undergone root 
replacement. Thoracic dissection and branch vessel aneurysms (otherwise 
uncommon in Marfan syndrome) were also common in these patients. Of the 
12 patients, the aneurysm was suprarenal in 5, juxtarenal in 2 and infrarenal 
in 5 (Hagerty et al. 2017).  

Currently, the diagnosis of Marfan syndrome is established by the revised 
Ghent nosology (Loeys et al. 2010). Some patients that do not fulfil all the 
required criteria for Marfan syndrome are classified as having MASS (mitral 
valve prolapse, aortic enlargement, skin and skeletal findings) syndrome, 
which is characterised by myopia, mitral valve prolapse, mild and 
nonprogressive aortic dilatation, and nonspecific skin and skeletal marfanoid 
features (Verstraeten et al. 2016).   
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2.1.4.3 Loeys-Dietz syndrome 
Loeys-Dietz syndrome is a rare autosomal dominant syndrome associated 
with a mutation in the transforming growth factor β receptor 1 (TGFBR1) or 2 
(TGFBR2) genes. Characteristic findings, in addition to aneurysms, include 
arterial tortuosity, craniofacial involvement such as cleft palate, 
craniosynostosis or hypertelorism. Aneurysms are most commonly located in 
the aortic root, but patients may also have thoracic and abdominal aortic 
dissections. Intracerebral bleeding has also been reported as a common cause 
of death in Loeys-Dietz patients. The patient phenotypes, however, vary 
significantly, ranging from mild to severe. In addition to mutations in 
transforming growth factor β receptors, mutations in genes SMAD3, TGFB2 
and TGFB3 have been reported to cause similar disease phenotypes. SMAD3 
was primarily classified as aneurysmal osteoarthritis syndrome, although not 
all patients show osteoarthritis (Morisaki and Morisaki 2016). These can, 
however, be classified as subtypes of Loeys-Dietz syndrome, with TGFBR1 and 
TGFBR2 being subtypes 1 and 2, respectively, SMAD3 being subtype 3, and 
TGFB2 and TGFB3 being subtypes 4 and 5, respectively. SMAD2 mutations 
have also recently been identified in syndromic aneurysm patients 
(Verstraeten et al. 2016).    

2.1.4.4 Other genetic aneurysms 
Aortic aneurysms are also associated with Shprintzen-Goldberg syndrome, 
which also causes craniosynostosis, skeletal muscle hypotonia, skeletal 
changes and learning difficulties. The vascular pathology in Shprintzen-
Goldberg syndrome is mostly mild, however, and aneurysms and dissections 
are only found in the aortic root. The disease is caused by mutations in the SKI 
proto-oncogene gene (Verstraeten et al. 2016). 

In addition to syndromic TAA, there are non-syndromic presentations, 
such as bicuspid aortic valve and TAA and isolated familial TAA (Davis et al. 
2014). There are other rare syndromes with high risks of aneurysms 
formation, such as arterial tortuosity syndrome, which is caused by a mutation 
in the gene SLC2A10 encoding Glucose Transporter 10, and Menkes disease 
caused by mutations in gene ATP7A (Morris 2015). Aortic aneurysms and 
dissection are also more common in patients with autosomal dominant 
polycystic kidney disease (Morisaki and Morisaki 2016). 

2.1.5 INFLAMMATORY ANEURYSM 
Inflammatory aneurysms are aneurysms with a strong inflammatory 
component and a fibrotic reaction around the aneurysm. Inflammation can 
cause the obstruction of adjacent structures such as the ureters. Inflammatory 
aneurysms are most commonly located in the infrarenal aorta. According to 
the consensus statement on surgical pathology of the aorta from the Society 
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for Cardiovascular Pathology and the Association for European 
Cardiovascular Pathology, aortic inflammatory diseases can be divided into 
three categories: (1) atherosclerosis, (2) atherosclerosis with excessive 
inflammation and (3) aortitis/periaortitis (Stone et al. 2015). In this 
classification, a typical inflammatory aortic aneurysm is classified as class 2 
and the term inflammatory atherosclerotic aneurysm is suggested. Class 3 is 
reserved for an inflammatory reaction not explained by atherosclerosis, such 
as those caused by large vessel vasculitides. Periaortitis refers to inflammation 
restricted to the adventitial layer, and if the inflammation involves the medial 
and intimal layers, the term aortitis should be used. This category is also 
divided into infectious and non-infectious (rheumatoid) causes. The typical 
non-infectious causes of aortitis are large vessel vasculitides - giant cell 
arteritis and Takayasu arteritis (Ladich et al. 2016).  

2.1.5.1 Inflammatory aortic aneurysm 
 An inflammatory aortic (atherosclerotic) aneurysm (IAAA) is considered a 
subtype of AAA that comprises 3%-10% of AAA. It is characterised by a diffuse 
thickening of the aneurysmal wall and extensive fibrous adhesions to adjacent 
structures. The term inflammatory aneurysm was first used by Walker et al. 
(Walker et al. 1972). Compared to non-inflammatory AAA, it is associated even 
more strongly with smoking, the age at presentation is younger (62-68 years), 
and a family history of aneurysms is more common. There is some evidence 
that the prevalence is especially high in the northern European population. An 
IAAA is almost always symptomatic – typically, patients present with back or 
flank pain, low-grade fever or weight loss. The erythrocyte sedimentation rate 
is elevated in 40%-88% of IAAA patients. It has been speculated that the 
rupture risk of an IAAA may be lower than of a non-inflammatory AAA (Tang 
et al. 2005; Ketha et al. 2014).  

IAAA can be grouped together with idiopathic retroperitoneal fibrosis and 
perianeurysmal retroperitoneal fibrosis into “chronic periaortitis”. 
Histologically, it lacks the typical medial changes of large vessel vasculitides. 
The pathogenesis of IAAA is unclear; it has been proposed that inflammation 
is the cause of aneurysm formation, or that the inflammatory changes develop 
after the formation of the aneurysm. Inflammation plays a role in all aneurysm 
formation, and inflammatory cell infiltrates can be demonstrated in all AAAs. 
IAAA may be one end of a continuous spectrum of AAA disease with varying 
levels of inflammation rather than a separate disease. Infections by chlamydia 
pneumoniae, herpes simplex virus or cytomegalovirus have also been 
proposed as a causative agent in IAAA – and also in AAA development in 
general. A systemic autoimmune disease has also been proposed as being a 
culprit for IAAA development, and an association with an increased risk of 
autoimmune disease has been demonstrated in IAAA patients (Haug et al. 
2003).  
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The indications for surgical treatment are similar to non-inflammatory 
AAA. Anti-inflammatory therapies have been recommended, mainly with 
corticosteroids but also with other immunosuppressive drugs such as 
methotrexate, cyclophosphamide and azathioprine. No guidelines for medical 
therapy for IAAA exist, however. Steroid therapy may be effective 
preoperatively to reduce the inflammation and facilitate surgery, but there is 
also concern that it may weaken the aneurysm wall and increase the risk of 
rupture. Steroids may also be used if there is a progression of the inflammation 
or a relapse after surgery. Surgical repair, in many cases, can lead to the 
resolution of inflammatory changes, but complete regression is seen in only 
23%-53% of cases. Progression, however, is rare after open surgery. With 
endovascular treatment, the inflammatory process usually persists, but rarely 
does it progress significantly. Open surgery can be more challenging than in a 
normal AAA due to adhesions that frequently involve the duodenum, vena 
cava, ureters and the left renal vein. The difference in operative mortality 
between inflammatory and non-inflammatory aneurysms in current practice 
is small, however, and the long-term mortality is similar (Tang et al. 2005; 
Ketha et al. 2014). 

2.1.5.2 Vasculitides 
The main subclasses of large vessel vasculitides are giant cell arteritis and 
Takayasu arteritis. Giant cell arteritis does not affect patients under 50 years 
old, whereas Takayasu arteritis is rarely found in patients over 40 years of age. 
The differentiation between giant cell arteritis and Takayasu arteritis is not 
possible histologically, and age at presentation is thus the major distinguishing 
factor between these two vasculitides. It has been postulated that they 
represent different phenotypes of the same disease. Especially large cell 
vasculitis may be under-recognised, as it is not uncommon and may not be 
easily suspected based on clinical manifestation (Chatterjee et al. 2014a). 

Giant cell arteritis is a granulomatous inflammatory disease of large- and 
medium-sized arteries and the most common type of systemic vasculitis in 
adults in the Western countries. The overall prevalence is approximately 1 in 
500 individuals. The mean age of onset is 72 years. The condition most 
typically involves the medium-sized cranial branches of the arteries 
originating from the aortic arch. Vision loss can result as a consequence of 
cranial arteritis. Involvement of the great vessels is rarer, and in these cases, 
the temporal arteries are often unaffected. Upper extremity claudication can 
develop due to the involvement of the subclavian and axillary arteries.  

The involvement of large vessels in giant cell arteritis may be under-
recognised - it tends to occur in roughly one in three patients. It can cause 
stenoses and occlusions of the subclavian and axillary arteries, carotid and 
vertebrobasilar arteries, as well as the iliac arteries and their branches. It can 
also manifest as aortitis leading to aneurysm formation and dissection in the 
thoracic and, less commonly, the abdominal aorta. The large-vessel giant cell 
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arteritis presents on average 6 years earlier than cranial disease, and only 
some 40% of these patients have cranial symptoms, with vision loss being 
especially uncommon. Aneurysm development, however, tends to be a late 
complication, occurring 3-5 years after diagnosis, or even later. The symptoms 
at this point are usually in remission, and the inflammatory markers are 
normal. This suggests that follow-up of giant cell arteritis patients would be 
beneficial so that aneurysms are discovered in time. If inflammatory markers 
are elevated and an enlarging aneurysm is found, glucocorticoid treatment is 
indicated or, if the patient is already on glucocorticoids, the dose should be 
increased (Chatterjee et al. 2014a; Ladich et al. 2016). 

Giant cell arteritis patients have a 17-fold higher risk of developing a TAA 
and 2.5-fold higher risk of developing an AAA than the general population. 
Approximately 12% of the patients developed an aneurysm during a 10-year 
follow-up. The indications for aneurysm repair are similar to normal 
aneurysms, although the exact diameter thresholds for these types of 
inflammatory aneurysms are unknown. In general, the results of surgery in 
giant cell arteritis patients are less favourable if the disease is active 
perioperatively (Chatterjee et al. 2014a; Ladich et al. 2016).       

Takayasu arteritis is a chronic idiopathic granulomatous large vessel 
vasculitis. The age of onset is usually 10 to 40 years, and 80%-90% of the 
patients are women. It is rare in European and North American populations, 
with an annual incidence of approximately 1-3 per one million inhabitants. 
The disease is more common in Japan, Southeast Asia, India and Mexico. The 
incidence in Japan is approximately 150 new cases per year. The condition 
affects the aorta and its first order branches. It often presents as an occlusive 
disease of the aorta and large vessels, including the renal arteries. The disease 
expression is varied, but it most commonly starts from the left subclavian 
artery and subsequently spreads to the left common carotid artery, the left 
vertebral artery, as well as the brachiocephalic, right subclavian, right 
vertebral and right common carotid arteries. The thoracic aorta is commonly 
affected, and the abdominal aorta and pulmonary arteries are involved in 
roughly 50% of patients. Involvement of the abdominal aorta and renal 
arteries is more common in Indian patients (Chatterjee et al. 2014b; Ladich et 
al. 2016).  

The disease can cause varying symptoms resulting from systemic 
inflammation and vessel involvement, but it can often also progress 
asymptomatically. Takayasu arteritis results in circumferential thickening of 
the vessel and reactive hyperplasia of the intima, which also predisposes 
patients to secondary atherosclerosis. The proximal aorta may become dilated 
due to inflammatory injury, but it is generally thought that the severe 
adventitial thickening seen in Takayasu arteritis prevents aneurysmal 
dilatation. Hypertension is a common complication of Takayasu arteritis due 
to renal artery involvement or stiffening of the aorta. As with giant cell 
arteritis, surgical repair is better performed when the disease is in remission 
(Chatterjee et al. 2014b; Ladich et al. 2016). There are reports of abdominal 
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aortic aneurysms due to Takayasu arteritis, but aneurysms are less common 
than occlusive lesions (Kallappa Parameshwarappa et al. 2013).     

Behçet’s disease is an inflammatory disease of unknown aetiology. It was 
first described by Turkish dermatologist Hulusi Behçet in 1937 as a disease 
with recurrent oral ulcers, genital ulcers and uveitis. Later, it has also been 
found to have vascular, articular, gastrointestinal, neurologic, urogenital, 
pulmonary and cardiac involvement. Arterial involvement is seen in less than 
5% of cases. The disease often presents in the third or fourth decade of life. It 
is prevalent in the area from Japan to the Middle East and the Mediterranean 
countries, but is rarely seen in the Western countries. The highest prevalence 
has been reported in Turkey, 1 per 250 in the population over 12 years of age. 
In the United Kingdom, the prevalence is only 0.64 per 100 000. It is equally 
prevalent in both sexes, but men usually have a more severe form of the 
disease, which includes vascular involvement. The diagnosis is mainly clinical. 
The disease is characterised by frequent exacerbations and remissions and 
usually becomes milder after 5-10 years. Behçet’s disease is unique among 
vasculitides, because it more often involves the venous than the arterial side of 
the vasculature and venous thrombosis is typical for the disease. Pulmonary 
artery involvement is also typical. Arterial involvement is most commonly 
located in the abdominal aorta but can also affect the carotid, iliac and 
femoropopliteal arteries. Aneurysms are more common in Behçet’s disease 
than occlusions with dense fibrotic and lymphatic tissue usually surrounding 
the aneurysms. Saccular pseudoaneurysms are characteristic findings. 
Surgical repair is complicated by the high rate of relapse in the 
perianastomotic site or previously uninvolved sites. This can be reduced by 
perioperative immunosuppressive therapy (Alpsoy 2016; Seyahi 2016).    

There are other non-infectious inflammatory causes that can involve the 
aorta: rheumatoid arthritis, ankylosing spondylitis, Reiter’s syndrome and, in 
rare cases, granulomatosis with polyangitis (Wegener granulomatosis) and 
eosinophilic granulomatosis with polyangitis (EGPA, Churg Strauss 
syndrome). A more recently discovered entity is the IgG4-related disease-
associated aortitis which may cause inflammatory aortic aneurysms (Ladich et 
al. 2016).        

2.1.6     INFECTED ANEURYSMS 
Mycotic aneurysm is often used as a general term for an aneurysm with an 
infection, although this term more specifically refers to an infected aneurysm 
due to a cardiogenic septic embolus, first described by William Osler (Osler 
1885). Arteries are normally highly resistant to infection. Usually, some kind 
of pathology of the arterial wall is required, e.g. aneurysm, atherosclerosis, 
trauma or endothelial dysfunction. Immune deficiency due to steroid use, 
cancer, malnutrition, diabetes, chronic renal failure, HIV infection or another 
viral infection such as chronic hepatitis can predispose to arterial infection 
(Valentine and Chung 2012). Arterial infection often leads to the formation of 
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an aneurysm or a pseudoaneurysm. Infected aneurysms can be classified as 
follows (Wilson et al. 1978): (1) Mycotic aneurysm – caused by a septic 
cardiogenic embolus in an otherwise healthy, nonaneurysmal artery. (2) 
Infected aneurysm – a pre-existing aneurysm that becomes infected due to 
bacteraemia. (3) Microbial arteritis – a nonaneurysmal artery becomes 
infected due to bacteraemia, usually leading to contained rupture and a 
formation of a pseudoaneurysm. (4) Traumatic infected aneurysm – an 
infected aneurysm caused by trauma or iatrogenic injury (e.g. drug use, 
arteriography). (5) Contiguous arterial infection – caused by infection in an 
adjacent organ spreading into the arterial wall, e.g. vertebral osteomyelitis. 

The causative microbes of infected aneurysms have changed significantly 
during the past century. Whereas aneurysms caused by syphilis were common 
before the era of antibiotics, these are now exceedingly rare. Mycotic 
aneurysms due to endocarditis were also common and accounted for more 
than 80% of arterial infections before antibiotics. Endocarditis has become 
rare, and so have also true mycotic aneurysms. Arterial trauma due to 
intravenous drug use and the increase in the number of endoluminal 
procedures has become the most common cause of arterial infection. Up until 
1965, 37% of published cases of infected aneurysms were due to endocarditis, 
and 10% were caused by arterial trauma. From 1965 to 1984, the situation was 
reversed, with 51% of cases due to trauma and 10% due to endocarditis (Brown 
et al. 1984). The aorta is probably the most common location of infected 
aneurysms, with equal distribution between thoracic, visceral and infrarenal 
segments (Muller et al. 2001; Oderich et al. 2001). The important difference 
in the clinical course of an infected aneurysm as opposed to a non-infected one 
is that it progresses more rapidly, it is more likely to be located in the 
suprarenal aorta, and rest of the aorta may be otherwise normal (Valentine 
and Chung 2012). Positive microbial cultures are obtained from approximately 
75% of the walls of infectious aneurysms. Interestingly, the thrombus within 
the aneurysm sac may be culture positive in up to 20% of cases in non-infected 
aneurysms. This, however, has not been shown to have clinical significance.   

The human immunodeficiency virus (HIV) is also associated with 
cardiovascular complications including aneurysms, occlusive disease, 
spontaneous arteriovenous fistula and dissections (Pillay et al. 2015). The 
pathological mechanisms behind these changes are largely unknown, but 
involve inflammatory responses, changes in vascular smooth muscle and 
endothelial dysfunction. The inflammatory response to continuing viral 
infection and viral protein toxicity damage the vascular walls. Although an 
HIV infection can predispose patients to infected aneurysms caused by 
opportunistic microbes, it can also cause aneurysms independent of bacterial 
infection. These aneurysms are often multiple and located at atypical sites, e.g. 
the carotid and femoral vessels. Aortic and popliteal aneurysms have also been 
described. HIV-related aneurysms occur in younger patients than 
degenerative (atherosclerotic) aneurysms and in advanced stages of HIV 
infection. Aneurysms are typically multiple, saccular or pseudoaneurysmal. 
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This HIV-associated vasculopathy involves medium-sized and large vessels 
and thus has some similarities with Takayasu’s arteritis. Chronically HIV-
positive patients also show premature atherosclerotic changes, which may not 
be caused solely by the infection itself but also by its management with highly 
active anti-retroviral therapy (HAART). Atherosclerotic changes may be 
accelerated by metabolic changes, e.g. hypercholesterolemia and elevated C-
reactive protein increased fibrinogen, which are common in HIV patients on 
HAART. Cardiovascular disease is a significant cause of mortality and 
morbidity in HIV-positive patients treated with HAART. HAART drugs are 
classified as protease inhibitors, nucleoside and non-nucleoside analogues. 
These cause metabolic complications - hyperlipidaemia, central fat 
accumulation and insulin resistance result from protein inhibitors. Nucleoside 
analogues cause lipo-atrophy and mitochondrial damage, while non-
nucleoside analogues cause lipid elevation (Pillay et al. 2015). Chronic HIV is 
an important risk factor for atherosclerosis, and it is important to bear this in 
mind as more HIV patients survive the infection itself thanks to HAART.    

2.1.7 DISSECTION AND ANEURYSM 
Arterial dissection is a spontaneous tear in the intima of an artery. Blood flow 
through the tear and into the arterial wall causes the formation of a channel 
along an anatomical plane within the media, which is called the false lumen. If 
the initial tear fails to penetrate further, it causes a penetrating aortic ulcer or 
an intramural haematoma (Evangelista et al. 2015). The most common site for 
the entry tear is in the ascending thoracic aorta (Stanford type A) or 
descending thoracic aorta (Stanford type B). The DeBakey classification is also 
used: in types I and II, the dissection originates form the ascending aorta and 
either extends to the descending and abdominal aorta (type I) or is limited to 
the ascending aorta (type II). Type III dissection originates in the descending 
aorta and corresponds to Stanford type B dissection (Goldfinger et al. 2014). 
A dissection can cause acute occlusions of the side branches and aneurysm 
formation. An aneurysm can develop rapidly after a dissection and rupture, or 
it may develop gradually over time. In the latter case, the aneurysms are 
treated primarily following the same principles as with degenerative 
aneurysms. Roughly 15% of patients with TAA have an underlying dissection 
(Saratzis and Bown 2014). Late aneurysms that develop after the dissection 
are often thoracoabdominal aneurysms, and approximately 20% of 
thoracoabdominal aneurysms are the result of a previous dissection. 
Uncontrolled hypertension is a risk factor for developing an aneurysm after a 
dissection. Aneurysm rupture is the most common cause of late death in 
dissection patients, especially those with a DeBakey type III dissection (Lee et 
al. 2003; Cronenwett and Johnston 2014). 
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2.2 PATHOPHYSIOLOGY 

The composition of the aortic wall changes considerably from the ascending 
aorta towards the iliac bifurcation. Elastin is more abundant in the ascending 
aorta, making it more compliant than the descending aorta, but, overall, the 
ratio of collagen to elastin decreases along the aorta and the media becomes 
thinner. The haemodynamic forces also differ along the aorta. The 
embryological origin of the proximal aorta is different from the distal part. The 
ascending aorta arises from the neural crest and the abdominal aorta from the 
mesoderm.  

AAA is characterised by destructive extracellular matrix remodelling, 
vascular smooth muscle cell apoptosis, inflammatory cell infiltration, and 
medial and adventitial neovascularisation. The tunica media is the layer that 
is mostly affected. The histopathology of thoracic aneurysms is different, 
however, characterised by cystic medial necrosis or medial degeneration, and 
less prominent leucocyte infiltration. Patients with Marfan syndrome typically 
have a considerable degeneration of medial elastic fibres. A large part of the 
understanding of the pathological mechanisms behind AAA formation comes 
from animal studies. There are three commonly used mouse models of AAA: 
adventitial exposure to calcium chloride, transient perfusion of elastase into 
the infrarenal aorta, and chronic subcutaneous infusion of angiotensin II. 
Based on these animal studies, it seems that aneurysm formation results from 
local inflammatory responses leading to the infiltration of macrophages, 
neutrophils, mast cells and lymphocytes (primarily T lymphocytes). This, 
together with various cytokines (e.g. tumour necrosis factor α and 
transforming growth factor β) and extracellular proteases (e.g. cathepsins and 
matrix metalloproteinases), leads to vascular smooth muscle cell apoptosis 
and extracellular matrix degradation. Genetics, and probably also epigenetic 
modification and DNA methylation, play an important role in AAA formation 
(Davis et al. 2014; Saratzis and Bown 2014; Davis et al. 2015). 

2.3 RISK FACTORS AND COMORBIDITIES  

2.3.1 ANEURYSM DEVELOPMENT 
Aneurysmal disease in general has a strong hereditary component, especially 
regarding thoracic or thoracoabdominal aneurysms, which are rarer than 
AAAs. In the case of TAA it is estimated that 20% of patients have a positive 
family history. AAAs probably also have a strong genetic component. A family 
history of AAA is the second strongest risk factor, after smoking, for 
developing an AAA (Lederle et al. 1997). In a Danish cohort, the AAA 
prevalence was 3.0% in those with no first-degree relative with an AAA, and 
6.7% in those who had a first-degree relative with an AAA (OR 2.2, 95% CI 1.6-
3.2). If the first-degree relative was female, the risk was 2.5 times higher than 
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if the relative was male (Joergensen et al. 2014). A Finnish study found a 
family history of AAA to increase the risk more than 4-fold (OR 4.33 (95% CI 
1.32-14.23). The AAA prevalence was highest for the proband's male siblings, 
22% for those over 65 years of age (Salo et al. 1999).  

Monozygotic twins had a higher risk of AAA than heterozygotic twins if the 
other twin had an AAA, which indicates a genetic effect (Wahlgren et al. 2010; 
Joergensen et al. 2016). Of the patients with an AAA, 15% had at least one first-
degree relative with an AAA and, conversely, those with a first-degree relative 
had a 12-fold increased risk of developing an AAA. Aneurysms also developed 
earlier in patients with a positive family history of the disease. The SVS 
guidelines give a strong recommendation for screening first-degree relatives 
of patients who present with an AAA (Chaikof et al. 2009).  

Despite several gene associations discovered, none of the associations is 
strong enough to explain the considerable heritability seen with AAA (Jones et 
al. 2017). The pathology is likely to be multifactorial. Environmental factors 
such as smoking or obesity can have epigenetic effects by influencing the DNA 
methylation process and may thus modify the risk conferred by genes (Saratzis 
and Bown 2014). As well as TAA, intracranial aneurysm also has some 
common genetic background with AAA, although the populations these 
diseases affect are quite different (van 't Hof et al. 2016). Screening patients 
with intracranial aneurysms for AAA has been proposed (Ball et al. 2016). 
AAAs are also common in patients with popliteal artery aneurysms, with a 
reported prevalence as high as over 60% (Henke 2005). Conversely, patients 
with AAA have a smaller but a clearly increased risk of popliteal artery 
aneurysms: 19% of AAA patients had a popliteal artery aneurysm over 12 mm 
in diameter (Tuveson et al. 2016).   

Patients with diabetes have a lower prevalence of AAA. In a meta-analysis 
of large screening studies, the OR was 0.66 (95% CI 0.57-0.74) for diabetes 
and AAA. AAA growth has also been shown to be slower in diabetic patients. 
On the other hand, there is evidence that diabetics have higher mortality from 
AAA repair, as evidenced by the higher 30-day mortality (OR 1.32, 95% CI 
1.17-1.49) compared to non-diabetics and the poorer long-term survival 
during 2-5 years of follow-up (De Rango et al. 2014). 

Analysis of the cohort from the Aneurysm Detection and Management 
(ADAM) trial was the first to show a clear negative correlation between 
diabetes and AAA which has since been verified in many studies (Lederle et al. 
1997). In the same study, smoking was the factor most strongly associated with 
AAA, the risk increasing with the number of years smoked. The effect of 
smoking also decreased after quitting. It was estimated to account for 78% of 
all AAAs of over 4 cm in diameter. The tested risk factors and associated odds 
ratios are shown in Figure 2.   
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Figure 2  The figure shows odds ratios (OR) with 95% confidence intervals for different 
tested AAA risk factors. Comparison is between patients with an AAA of over 4 cm 
and those without an aneurysm. Age shown per 7-year intervals, height per 7-cm 
intervals, weight per 16 kg-intervals, waist circumference per 11-cm intervals. 
History of smoking is defined as over 100 cigarettes ever smoked. Modified from 
Lederle et al. 1997. 

The strong association between smoking and AAA has been described as 
early as in 1958 (Hammond and Horn 1958). The association between ever 
smoking and AAA has been shown to be higher than with occlusive 
atherosclerotic disease such as coronary artery disease or cerebrovascular 
disease. The relative risk of death for men was 2.5 (95% CI 2.2-2.8) and 3.5 
(95% CI 2.4-5.3), respectively. The association is, however, lower than that 
seen with COPD or lung cancer, RR 0.56 (0.36-0.86) and 0.38 (0.29-0.50), 
respectively (Lederle et al. 2003b). Smoking also increases the growth rate of 
small aneurysms and their risk of rupture (MacSweeney et al. 1994; Brown and 
Powell 1999). 

The Atherosclerosis Risk in Communities (ARIC) study included 15 703 
participants that were followed from 1987 to 2011 with a median follow-up of 
22.5 years (Tang et al. 2016). Clinical AAA events, i.e. death from rupture or 
operation due to AAA, or AAA as a hospital discharge diagnosis were recorded. 
A subgroup of 5778 also attended an US examination in 2011-2013 to 
determine the prevalence of asymptomatic AAA. On the condition that the 
individual survived until 45 years of age, the lifetime risk for clinical AAA was 
5.6% (95% CI 4.8-6.1) - men had a higher risk of 8.2% (6.9-9.0), and white 
individuals had a higher risk than black individuals. Those who had never 



 Review of the literature 

41 
 

smoked had a significantly smaller risk (2.0%, 1.3-2.5) than those who were 
former smokers (6.3%, 5.0-7.2). The risk of current smokers was even higher, 
10.5% (7.7-11.7). Currently smoking white men had the highest lifetime risk of 
17.0% (10.7-20.0). There was a dose-response relationship of lifetime AAA 
risk and pack-years smoked: from 3.6% (2.2-4.6) for those in the lowest pack-
year tertile to 11.1% (8.8-12.4) for those in the highest tertile. Those who had 
quit smoking 3-8 years earlier had a 29% smaller risk than current smokers, 
but still an approximately three times higher risk than never smokers. In a 
multivariate analysis, age, male sex, white ethnicity, smoking status, pack-
years of smoking, hypertension, PAD, height, LDL cholesterol, and total 
cholesterol were all positively associated with clinical AAA. Diabetes and HDL 
cholesterol were negatively associated. BMI and alcohol consumption showed 
no association. Age, smoking status and pack-years of smoking yielded the 
highest risk. An asymptomatic AAA discovered in US screening positively 
associated with white ethnicity, male sex, smoking status and pack-years of 
smoking, as well as height and elevated LDL or total cholesterol. The results 
are similar to an earlier population-based study from Tromsø, Norway, with 
7-year follow-up (Forsdahl et al. 2009). 

Associations of several risk factors have been analysed in prospective 
studies using data from the Swedish Mammography cohort and the Cohort of 
Swedish Men. Women who smoked were found to have a significantly higher 
incidence of AAA than men who had never smoked. Women were also twice as 
fast as men in achieving the benefit of smoking cessation The authors 
suggested that screening smoking women should be further investigated 
(Stackelberg et al. 2014b). Large waist circumference conferred a 30% risk of 
having an AAA requiring treatment in both men and women. BMI, however, 
was not associated with increased risk, suggesting that it is visceral adiposity, 
rather than general adiposity, that influences the AAA risk (Stackelberg et al. 
2013b). High consumption of fruits, but not vegetables, was found to be 
associated with a decreased incidence of AAA. The association was stronger 
with ruptured than with intact AAA (Stackelberg et al. 2013a). Moderate 
consumption of alcohol was also found to be protective against AAA in men 
and women. The effect was seen with beer consumption in men, and with wine 
consumption in women, but not with hard liquor consumption in either sex 
(Stackelberg et al. 2014a).   

2.3.2 EXPANSION RATE AND RUPTURE RISK 
The predictor of the AAA rupture risk used in clinical decision-making is the 
diameter of the aneurysm. An increasing diameter of the aorta is associated 
with a higher risk of rupture. However, some aneurysms under the operative 
threshold of 55 mm rupture and many aneurysms over this threshold will not 
rupture during the lifetime of the patient. This is why better predictors of 
rupture risk are needed. One suggested marker is the aneurysm volume, which 
is more sensitive to AAA growth (Kitagawa et al. 2013). Peak wall stress (PWS) 
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can also be calculated using finite element analysis, which is presently time-
consuming and not widely available. The PWS in ruptured and symptomatic 
aneurysms is higher than in asymptomatic aneurysms (Venkatasubramaniam 
et al. 2004; Heng et al. 2008).  

An aneurysm ruptures when the local wall stress exceeds the tensile 
strength of the aortic wall. PWS calculations solve only a part of this, as wall 
strength also varies and this is not addressed by PWS analysis. Aortic outflow 
obstruction increases PWS but may also signify decreased aortic wall strength. 
Regardless of the precise mechanism, aortic outflow obstruction, i.e. occlusion 
in one or more iliac artery, is predictive of an increased AAA rupture risk 
(Crawford et al. 2016a). Intraluminal thrombus also decreases peak wall 
stress, even though AAA growth and rupture risk are higher with a large 
thrombus. The thrombus, which contains proteolytic enzymes and 
proinflammatory cytokines, may have a weakening influence on the aneurysm 
wall (Speelman et al. 2010; Crawford et al. 2016b). However, in a comparison 
of patients with ruptured or intact AAA, thrombus volume did not differ 
between the groups (Golledge et al. 2014). 

Increased expansion rates have been shown to be associated with current 
smoking and increased diastolic blood pressure. Patients with diabetes show 
decreased rates of expansion compared to non-diabetics.  A larger AAA 
diameter increases the rate of expansion. The lower expansion rate in diabetics 
has been proposed to be due to increased glycosylation and the resulting 
stiffness of the arterial wall (Sweeting et al. 2012; Bhak et al. 2015). The 
rupture risk has been found to be approximately twice as high in current 
smokers as in ex/never smokers (HR 2.02, 95% CI 1.33-3.06) and nearly 4 
times as high in women than in men (HR 3.76, 95% CI 2.58-5.47); the growth 
rates between men and women, however, were similar. The rupture risk was 
higher in people with higher mean arterial pressure or pulse pressure, and in 
older individuals (Sweeting et al. 2012). The fact that current smokers have a 
higher expansion rate and rupture risk than ex-smokers underlines the 
importance of smoking cessation in reducing the AAA growth rate and rupture 
risk. 

COPD has been associated with early, small aneurysm rupture, which has 
been hypothesised to be due to increased systemic elastolysis leading to 
decreased aortic wall strength (Crawford et al. 2016a). Peripheral arterial 
disease (PAD) is also associated with an increased risk of early rupture of small 
AAA, which may be due to increased peripheral resistance that increases PWS. 
It is also possible that PAD is a surrogate marker for decreased aortic wall 
strength (Crawford et al. 2016a). 

2.3.3 COMMON COMORBIDITIES 
Significant, primarily cardiovascular, comorbidities are common in AAA 
patients and influence their long-term survival more than the AAA itself. In a 
Danish population-based screening study, 7.8% of men with PAD had an AAA, 
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and 26% of patients with an AAA had PAD (Grøndal et al. 2015). In an Irish 
cohort of AAA patients, 30% were found to have a significant internal carotid 
artery stenosis (of over 50%) and 45% were found to have PAD based on 
abnormal ankle brachial index or toe brachial index measurements (Gray et 
al. 2016). In a meta-analysis, the cardiovascular death risk for patients with an 
AAA smaller than 55 mm in diameter was 3.0% (95% CI 1.7-4.3) per year 
(Bath et al. 2015). According to the Framingham Risk Score, this corresponds 
with the cardiovascular risk of a 70-year-old smoking man with diabetes, 
hyperlipidaemia and hypertension (D'Agostino et al. 2008). The prevalence of 
ischaemic heart disease (IHD) in patients with small AAA was 44.9%, that of 
previous myocardial infarction (MI) 26.8%, of heart failure 4.4% and of 
cerebrovascular disease defined as a previous stroke 14.0% (Bath et al. 2015). 
A meta-analysis showed the AAA prevalence to be approximately 2.4 times 
higher in patients with a history of coronary artery disease compared to the 
general population (Hernesniemi et al. 2015). AAA diameter has been shown 
to be a marker of non-aneurysm-related cardiovascular mortality before and 
after aneurysm repair (Brady et al. 2001). Intraluminal thrombus volume is 
also associated with increased incidence of cardiovascular events as well as 
AAA growth (Parr et al. 2011).  

2.4 PREVALENCE 

True prevalence of AAA is difficult to ascertain, as most patients with an AAA 
do not get any symptoms from it during their lifetime. In many cases, AAA 
mortality or RAAA incidence are used as surrogate markers for prevalence, as 
these are easier to obtain, but they are also affected by the repair rate of both 
intact and ruptured AAA as well as mortality from these causes and the 
reliability of cause-of-death data. Autopsies are uncommon in many countries, 
which makes cause-of-death data unreliable. Also, the reporting of AAA 
mortality and prevalence in general has been noted to be inaccurate in many 
instances (Stather et al. 2014). Data on the actual prevalence of AAA comes 
from cross-sectional screening studies and from older autopsy studies.  

Before the advent of antibiotics, most aneurysms were due to infectious 
causes, most often syphilis. However, after World War II, the incidence of 
degenerative AAA rose and syphilitic aneurysms all but disappeared in the 
Western world. Up until the beginning of the 21st century, the AAA incidence 
was growing and was estimated to grow still (Heikkinen et al. 2002), which 
was one of the motivators for initiating large screening programmes. From 
1951 to 1968, deaths due to AAA increased by 300% in the United States 
(Lilienfeld et al. 1987), and a seven-fold rise in prevalence was reported from 
1951 to 1980 in Rochester, Minnesota (Melton et al. 1984). However, from 
1979 to 1990, the mortality rate remained stable, although hospital discharges 
and operations because of AAA increased (Gillum 1995). In Western Australia, 
AAA repair increased until 1992, after which there was a decline in both 
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elective and emergency repair of AAA. In England and Wales, the mortality 
and hospital admissions due to AAA rose from 1979 to 1999, the rise being 
more prominent in women than in men (Filipovic et al. 2005). In Malmö, 
Sweden, the incidence of RAAA increased significantly from 1971 to 2004, 
even though the rate of elective repair doubled during the same period (Acosta 
et al. 2006).  

Since the turn of the century, the prevalence has fallen in many studies. In 
New Zealand, AAA mortality declined by 53.0% for men and by 43.1% for 
women from 1991 to 2007 (Sandiford et al. 2011). Decreases in AAA mortality 
and hospital admissions were also observed in Australia from 1999 to 2008 
(Norman et al. 2011). The most likely cause of the decline in prevalence has 
been postulated to be the reduction in smoking. The changes in smoking 
prevalence seem to take 20-40 years before an effect can be seen in AAA 
mortality (Lederle 2011; Anjum and Powell 2012). This might also explain why 
AAA prevalence has not decreased everywhere and has also risen in some 
countries. An epidemiological study on AAA mortality for several countries 
from 1994 to 2010 showed that, in most populations included in the study, 
mortality was declining (Sidloff et al. 2014). The largest mortality drop was 
seen in the United States, the United Kingdom and Australia, with the age-
standardised mortality falling by 6.7%, 6.2% and 6.2% per year, respectively. 
The drop among the female population was smaller, the largest reductions 
again seen in the United Kingdom and the United States, with 4% and 3.9% 
per year, respectively. An increase in male AAA mortality was seen in Hungary 
(2.7%) and Romania (1.7%); and an increase in female AAA mortality in 
Hungary (3.5%), Romania (1%), Denmark (2.2%) and Austria (0.5%). In the 
two last-mentioned countries, the mortality in men was decreasing. Trends in 
systolic blood pressure, cholesterol and smoking prevalence correlated 
positively with both male and female AAA mortality. The correlation was 
highest with smoking prevalence for both sexes.  

Estimations of global prevalence have also been attempted: overall, AAA 
prevalence is higher in the developed countries, where it is generally falling, 
but it has been estimated to be rising in parts of the developing world 
(Sampson et al. 2014). The studied populations, however, have mostly been 
European or American, with little data from elsewhere. AAA has been thought 
to be less prevalent in Asian populations. One study from Hong Kong shows 
an overall prevalence of 13.7 per 100 000 inhabitants and 105 per 100 000 for 
inhabitants for over 65-year-olds. The figures include men and women, with a 
male to female ratio of 2:1 (Cheng et al. 2003). In a recent study of a Korean 
population, on the other hand, the AAA prevalence was comparable to 
contemporary Western figures: 2.0% in men and 0.4% in women (Han et al. 
2017). 

The large screening studies conducted in the 1990s gave a good indication 
of true AAA prevalence in the population of men over 65 years of age: 7.9% in 
Chichester, United Kingdom (Scott et al. 1995); 4.0% in Viborg county, 
Denmark (Lindholt et al. 2005); 7.2% in Western Australia (Norman et al. 
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2004); 4.9% in Portsmouth, Southampton, Winchester and Oxford (MASS 
trial) in the United Kingdom (Ashton et al. 2002). In the American ADAM 
study of Veterans Affairs (VA) patients (97.3% men), the overall prevalence 
was 4.2%, but there was a clear difference between the two cohorts screened 
before or after April 1995. The prevalence in the former cohort was 4.6% and 
in the latter 3.6% (OR 0.79, 95& CI 0.74-0.83) (Lederle et al. 2000). 

The actual prevalence observed in the screening programmes has been 
considerably lower. A prevalence of 1.7% in 65-year-old men was reported in 
Middle Sweden in 2006-2010 (Svensjö et al. 2011) and a prevalence of 1.5% 
for the entire Swedish screening programme from 2006 to 2014. The 
prevalence in the first 700 000 men screened in the English NAAASP 
screening programme was 1.34% and seemed to be falling annually (Jacomelli 
et al. 2016). The latest cohort from NAAASP (01/04/2015-30/03/2016) had a 
prevalence of 1.12% (https://www.gov.uk/topic/population-screening-
programmes/abdominal-aortic-aneurysm). 

In countries without screening programmes, AAAs are discovered 
incidentally, usually while a patient is undergoing imaging studies due to other 
reasons. In a Canadian study where reports of 79 121 abdominal CT, US and 
MRI studies from 1996-2008 were reviewed, an incidental AAA was identified 
in 1.0%. The follow-up of these incidental AAAs was poor. Only 29% had the 
finding documented in the patient records, and for 15% a follow-up plan was 
documented (van Walraven et al. 2010).    

The AAA prevalence in Finland has not been studied, but there are several 
reports on the incidence of RAAA (see section 2.6). 

2.5 NATURAL COURSE 

The natural course of an AAA is one of generally slow expansion and eventual 
rupture. In most cases, aneurysms grow so slowly that the individual will have 
died before experiencing rupture or any symptoms caused by the aneurysm. 
Based on data from the Swedish screening programme, roughly 40% of 
aneurysms detected in 65-year-old men eventually require repair (Wanhainen 
et al. 2016). If the aneurysm ruptures, the mortality is very high, and nearly 
100% of the patients die without emergency surgery. The growth rate increases 
with increasing diameter, as does the risk of rupture (RESCAN Collaborators 
et al. 2013). 

In historical series, the rupture risk has been considered very high in 
aneurysms over 55 mm in diameter (Szilagyi et al. 1972). More recent reports, 
however, show that the rupture risk in patients who have been turned down 
for surgery due to significant comorbidities or patient preference, for instance, 
is not as high as previously thought (Parkinson et al. 2015). This might be due 
to better medical management of risk factors. In approximately half of the 
patients with large aneurysms that are not treated surgically, the eventual 
cause of death is rupture of the aneurysm (Parkinson et al. 2015; Scott et al. 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

46 
 

2016). The larger the aneurysm, the more likely it is to cause the patient’s 
death. Even though the rupture rate of very large aneurysms (over 7 cm) in the 
meta-analysis by Parkinson et al. (Table 2) is still quite low, much higher 
rupture risks have also been reported in contemporary series. Scott et al. 
reported in their single-centre retrospective study a 35% rupture rate per year 
in these cases. For aneurysms measuring at 5.5-6.9 cm, however, the patients' 
median survival was over three years (Scott et al. 2016). The rupture risks 
quoted in the ESVS guidelines include a yearly rupture risk of 10%-22% for 
AAA 60-69 mm in diameter and 30%-33% for AAA >70 mm (Moll et al. 2011). 

Table 2 Annual cumulative rupture rates according to aneurysm size. Modified from Powell 
et al. 2011b and Parkinson et al. 2015. 

 
Aneurysms under 5.5 cm in diameter have a low rupture risk, generally 

under 1% per year but increasing with growing diameter (Powell et al. 2011a). 
The growth rate also increases with growing diameter. For 30-mm aneurysms, 
the mean time for 10% of them to have reached the repair threshold of 55 mm 
is approximately 7 years (Table 3) (RESCAN Collaborators et al. 2013).  

The growth rates for men and women seemed to be equal, although the 
rupture risk in women for all AAA sizes was 4-fold greater than in men. The 
rupture risk of a 45 mm aneurysm in women was comparable to that of a 55 
mm aneurysm in men (RESCAN Collaborators et al. 2013). Smokers had a 
higher and diabetics a lower growth rate, whereas smoking, older age and high 
blood pressure increased the rupture risk (Sweeting et al. 2012).  

The RESCAN collaborators suggested screening intervals of 2-3 years for 
AAAs of 30-39 mm, 1-2 years for AAAs of 40-44 mm, and 0.5-1 years for 
AAAs of 45-54 mm, based on the growth and rupture rates of small AAA. Even 
with the higher limits of these suggestions, the yearly risk of rupture would be 
maintained at under 1% (RESCAN Collaborators et al. 2013). Aneurysm 
growth is often not linear but discontinuous and occurs in periods of fast 
growth followed by no growth or very slow growth. This so-called staccato-
growth means that observed fast growth cannot be used to predict the future 
growth rate (Kurvers et al. 2004).  

Even if a patient is considered too frail for elective repair, it does not signify 
that emergency repair in the case of rupture is futile. In an analysis of RAAA 
patients treated in HUH, it was noted that 5 out of 12 patients who had been 
turned down for elective surgery but underwent emergency repair because of 
rupture survived (Noronen et al. 2013). 

 

 Diameter Annual rupture rate  

 30-55 mm 0-1.61%  

 55-60 mm 3.5%  

 61-70 mm 4.1%  

 >70 mm 6.3%  



 Review of the literature 

47 
 

Table 3 Growth rates of different-sized AAA for men and women and the time required for a 
10% chance of the aneurysm to have reached 55 mm in diameter. Modified from 
RESCAN Collaborators et al. 2013. 

2.6 RUPTURED AND SYMPTOMATIC ANEURYSMS 

Rupture is the end point of the natural course of an AAA. It usually presents 
with sudden abdominal or flank pain that can radiate towards either the groin 
or back. Haemodynamic instability is often encountered. Rupture can present 
as bleeding directly into the abdominal cavity or into the retroperitoneum. In 
the latter case, the surrounding tissues provide tamponade and the 
haemodynamic collapse may not be as acute. The rupture may also be 
contained or intramural, if the leak seals spontaneously or the bleeding 
remains within the aneurysm wall. The population-based incidence of RAAA 
varies considerably between publications, ranging from 2.86 to 14.13 per 
100 000 population (Reimerink et al. 2013b). In Finland, during 1991-1994, 
an incidence of 6.1 per 100 000 was reported (Kantonen et al. 1999a). 

In a Dutch study of RAAA patients who did not undergo treatment, the 
median survival after arriving at hospital was 2.2 hours (IQR 1-18). The 
patients who were haemodynamically stable upon arrival, however, had a 
longer survival, with 96% surviving past 2 hours (van Beek et al. 2015b). The 
mortality from rupture is very high, 67%-94% (Reimerink et al. 2013b). 
Without rapid surgical intervention, death is all but unavoidable. 

Symptomatic aneurysms are defined as AAAs that have become painful 
without a breach in the aortic wall (Moll et al. 2011). The onset of symptoms is 
generally considered a sign of impending rupture. In case of symptomatic 
aneurysms, haemodynamic instability is absent, but the aneurysm may be 
tender to palpation. They are often thought to have an intermediate 
perioperative risk compared to intact and ruptured aneurysms. This is 
different to symptoms caused by an inflammatory aneurysm where the risk of 
rupture may actually be less than in a non-inflammatory aneurysm.  

A large proportion of RAAA patients die outside a hospital where the 
rupture could be treated. In a meta-analysis by Reimerink et al., 27%-37% of 
patients were reported to have died without presenting to a hospital. This 
estimate is quite unreliable, as the cause of death for patients dying outside 

  30 mm 35 mm 40 mm 45 mm 50 mm 
Growth rate 
in mm/year 

(95% CI) 

Men 1.28 
(1.03 1.53) 

1.86 
(1.64 2.08) 

2.44 
(2.22 2.65) 

3.02 
(2.79 3.25) 

3.61 
(3.34 3.88) 

Women 1.46 
(1.07 1.85) 

1.98 
(1.65 2.32) 

2.51 
(2.22 2.81) 

3.06 
(2.80 3.33) 

3.62 
(3.36 3.89) 

Time to 55 
mm (95% CI) 

in years 

Men 7.4 
(6.7 8.1) 

5.0 
(4.6 5.4) 

3.2 
(3.0 3.4) 

1.8 
(1.7 2.0) 

0.7 
(0.6 0.8) 

Women 6.9 
(6.1 7.8) 

4.8 
(4.3 5.3) 

3.1 
(2.9 3.4) 

1.8 
(1.7 2.0) 

0.7 
(0.6 0.8) 
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the hospital is often unclear. Much larger proportions have also been reported 
– in the Helsinki and Uusimaa Hospital District (HUS) in Finland during 
1996-2004, almost half of patients who died of RAAA never presented to the 
hospital (Laukontaus et al. 2007). The reported proportion of deaths outside 
the hospital was smaller in the hospital districts of Pirkanmaa and North 
Karelia in Finland, with 28% of patients dying outside the hospital (Vänni et 
al. 2016). 

Large variations exist in the number of patients who arrive at hospital with 
RAAA and are then not operated on. This turn-down rate in many centres is 
high: 40% in a meta-analysis of 21 studies (Reimerink et al. 2013b), the rate 
was 52% in Malmö, Sweden, in 2000-2004 (Acosta et al. 2006), 30% in the 
entire Finland in 1991-1994 (Kantonen et al. 1999a), 27% in Stavanger, 
Norway, in 2000-2012 (Reite et al. 2015), 17% in Tampere and Joensuu, 
Finland, in 2001-2011 (Vänni et al. 2016), and 9% in Helsinki, Finland, in 
1996-2004 (Laukontaus et al. 2007). In a comparison between the treatment 
of RAAA patients in England and the United States, differences were observed 
in the turn-down rate - 42% in England and 20% in the United States - and 
the turn-down rate was also lower in teaching hospitals compared to non-
teaching hospitals in both countries (Karthikesalingam et al. 2014). 

Rupture has been suggested to be associated with factors such as 
atmospheric pressure, phases of the moon and the seasons, but it seems that 
these factors do not have a noticeable effect on rupture rates (Kozka et al. 
2014). Weekends, national holidays and late-night hours, however, do affect 
mortality.       

2.7 TREATMENT 

2.7.1 MEDICAL TREATMENT 
Aims for medical treatment in abdominal aortic aneurysms can be divided into 
two categories: Firstly, medical treatment to prevent or inhibit the formation 
and growth of aneurysms, and secondly, the perioperative medication and the 
medical treatment for reducing overall mortality in AAA patients. 

2.7.1.1 Inhibition of aneurysm growth 
Medical treatment for inhibiting aneurysm growth has been the subject of 
numerous in vitro and animal studies (Davis et al. 2015). However, much of 
this promising basic research has not translated into practical uses in the 
clinical management of aneurysms. A Cochrane review on medical treatment 
of small AAA was published in 2012 and found limited evidence for antibiotic 
treatment, but, in general, high quality evidence on this subject is scarce 
(Rughani et al. 2012). Two comprehensive reviews have been recently 
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published in regard to the clinical use of different medical treatments of AAA 
(Kokje et al. 2015; Golledge et al. 2017).  

Several studies have investigated the effect of statins on aneurysm growth. 
Increased use of statins has been suggested as being one of the reasons for the 
decrease in AAA prevalence (Anjum and Powell 2012). No randomised 
controlled trials (RCTs) exist on this matter, and the evidence from the studies 
is conflicting. The statin used has not been specified in many of the trials; 
simvastatin and atorvastatin are those most commonly named, however. The 
larger and more recent ones of these studies have not been able to show a 
significant effect from statin use. The RESCAN collaborators analysed the 
individual patient data of 15 475 patients under surveillance for small 
aneurysms from 18 studies. The unadjusted analysis showed a significant 
influence of several cardiovascular drugs, i.e. ACE-inhibitors, β-blockers, 
calcium channel blockers, and statins, on aneurysms growth. After adjusting 
for confounding factors (age, year, sex, smoking, body mass index, diabetes, 
mean arterial pressure, pulse pressure and cardiovascular history), none of the 
drugs had a statistically significant effect on growth rate (Sweeting et al. 2012). 
A meta-analysis on the effects of statins on growth rate, combining the 
RESCAN data with other studies, found a significant reduction in growth rate 
of 0.63 mm/year (Takagi et al. 2013a). The data was suggestive of publication 
bias, however, making the results somewhat inconclusive. 

A Danish nationwide, population-based, combined case-control and 
follow-up study investigated the influence of statin use on AAA rupture risk 
(Wemmelund et al. 2014). The results showed that current statin users had a 
lower risk of presenting with RAAA than those who had never used statins, 
adjusted OR 0.73 (95% CI 0.61-0.86). Former statin users had a comparable 
risk to current users, if they had ceased the use within 2 years. The statin dose 
did not affect the results. The 30-day mortality of the patient groups was also 
reported, and mortality was lower in current statin users (46.1% compared to 
59.3% in patients never having used statins). The adjusted mortality rate ratio 
for current statin users was 0.80 (95% CI 0.68-0.95), which corresponds to a 
20% reduction in 30-day mortality. Only current statin users seemed to have 
a survival benefit after RAAA. 

The β-blocker propranolol has been studied in three RCTs. It did not have 
an effect on limiting the growth rate of aneurysms. The compliance with 
propranolol treatment also proved problematic in the largest of these trials, 
and 42% of patients were unable to adhere to the treatment dose of 80 mg per 
day.  

In preclinical studies, doxycycline has been one of the most promising 
drugs for AAA treatment. It affects the remodelling of the extracellular matrix 
and reduces inflammation by lowering the levels of matrix metalloproteinases 
(MMP). In a small pilot RCT comprising 32 patients, a promising reduction in 
AAA growth rate was observed. In another similar RCT of 36 patients, the 
levels of matrix MMP-9 were reduced, but the growth rate of AAA was 
unaffected. A large recent RCT (PHAST) had 286 patients, with the treatment 
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group receiving 100 mg doxycycline daily. The study was discontinued at 18 
months, as the growth rate in the treatment group was higher than in the 
control group, although the difference was slight and did not affect the need 
for interventions (Meijer et al. 2013).  

Mast cells have been found to be present in tissue samples of AAA wall. The 
effect of mast cell inhibitor pemirolast on AAA growth has been studied in one 
RCT (AORTA). The study had 326 patients divided into a placebo group and 
treatment groups with three different dosages of pemirolast. There was no 
difference in the growth rates between the placebo and treatment groups 
(Sillesen et al. 2015). 

The renin-angiotensin system has been suspected to play a role in 
aneurysm formation and rupture based on data from preclinical studies. 
Subcutaneous angiotensin II infusion has been used in rodent models to create 
aneurysms. Several studies have investigated the role of ACE-inhibitors in 
slowing aneurysm growth. The results, however, have been mixed. One case-
control study found a reduction in ruptures in patients on ACE-inhibitors. 
However, the analysis of the United Kingdom Small Aneurysm Trial patients 
actually found that the aneurysms in patients on ACE-inhibitors grew faster 
(Sweeting et al. 2010). Several smaller studies have not found an effect on AAA 
growth or rupture rate. The AARDVARK trial (Bicknell et al. 2016) 
investigated the effect of perindopril 10 mg daily, calcium-channel blocker 
amlodipine 5 mg daily, or placebo on AAA growth rate. Neither drug had a 
significant effect on AAA growth rate.  

The role of antiplatelets on inhibiting AAA growth has been investigated in 
several studies. Some smaller studies have found an effect on AAA 
progression, but analyses of patients in larger studies such as the UKSAT or 
the ADAM trial have not found antiplatelets to have an effect on aneurysm 
growth (Sweeting et al. 2010; Bhak et al. 2015).  

Chlamydia pneumoniae is a widely-spread pathogen causing respiratory 
infections. Its antigen has been found in many AAA tissue samples. Animal 
studies have demonstrated that chlamydia pneumoniae can induce 
atherosclerosis and aortic dilatation. Based on this, antibiotics of the 
macrolide group have been investigated as a potential drug for reducing AAA 
growth. Two studies have looked into the effect of roxithromycin on AAA 
growth and found a small reduction in growth in the treatment group. A larger 
study with 213 patients (Karlsson et al. 2009), however, did not see any effect 
on AAA growth rate using azithromycin. The authors did observe a significant 
reduction in growth rates in those patients that were on statins and ASA, 
however. 

Diuretics and calcium channel blockers have also been studied, but have 
not been found to have an effect on AAA growth. A small RCT of only 19 
patients found that patients on NSAIDs had a lower growth rate than control 
patients. 

The current guidelines for AAA treatment from the Society for Vascular 
Surgery (SVS) and the European Society for Vascular Surgery (ESVS) are from 
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2009 and 2011, respectively (Chaikof et al. 2009; Moll et al. 2011). They 
recommend the cessation of smoking as a first-line measure for reducing AAA 
growth and rupture risk. Both give a weak recommendation for statin therapy. 
SVS guidelines also mention doxycycline, roxithromycin, ACE-inhibitors and 
AT-blockers, but comment that their utility is uncertain. A strong 
recommendation against the use of β-blockers is also given concerning the 
indication of reducing AAA growth.  

Research on the subject of medical treatment for AAA is active, and many 
trials are ongoing as of writing of this text (Table 4). 

Table 4 Ongoing trials investigating medical treatment for inhibiting AAA growth and 
reducing rupture risk. http://www.clinicaltrials.gov (January 2017) 

2.7.1.2 Reducing mortality 
The SVS and ESVS guidelines give few recommendations on medical 
treatment for reducing mortality, and the ones given primarily focus on 
perioperative mortality (Chaikof et al. 2009; Moll et al. 2011). Both guidelines 
recommend β-blockade only in high-risk patients and patients already on β-
blockers. The SVS guidelines recommend treatment with bronchodilators for 
symptomatic chronic obstructive pulmonary disease (COPD) patients and for 
those with abnormal pulmonary function. The ESVS recommends statin 
therapy beginning 1 month before surgery and continuing perioperatively and 
after the perioperative period. Small-dose ASA is recommended 
perioperatively and postoperatively. Hypertension should also be treated to 
reduce cardiovascular mortality.  

One study showed that perioperative fluvastatin was associated with an 
improved postoperative cardiac outcome in patients undergoing vascular 
surgery (Schouten et al. 2009). Statin treatment for patients undergoing 
vascular surgery is also recommended by the guidelines of the European 
Society of Cardiology (Schouten et al. 2010).  

Patients with an AAA are at a high risk of other, primarily cardiovascular, 
diseases. Common comorbidities include ischaemic heart disease (IHD), 
peripheral arterial disease (PAD) and cerebrovascular disease (CVD). Due to 
the usually long history of smoking, COPD is also common. These are the 
probable reasons for the increased mortality in the population with AAA. 
Active secondary prevention for cardiovascular disease in AAA patients would 

Ongoing trial Treatment(s) studied 
NCT01904981 (BASE trial) Atenolol compared to valsartan 
NCT0175833 Doxycycline 100 mg twice daily 
NCT01683084 Telmisartan 
NCT02070653 Ticagrelor 
NCT02225756 (ACA4 trial) Cyclosporine A 
NCT02007252 Canakinumab (terminated due to lack of efficiency) 
NCT02846883 (VIVAAA trial) Allogeneic mesenchymal stem cells 
NCT02345590 Eplerenone 
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therefore seem logical. The evidence for this particular patient group, however, 
is scarce.   

A review by the Cochrane Collaboration looked at the influence of medical 
treatment in reducing mortality and cardiovascular events in patients with 
AAA. Only one study fulfilled the criteria of being included in the review, 
leading to the conclusion that there was not adequate evidence to draw any 
conclusions on the matter (Robertson et al. 2014).  

A large study on cardiovascular risk prevention from the United Kingdom 
found that the 5-year survival of AAA patients on statins, antiplatelets or 
antihypertensive medications was significantly better than that of those not 
receiving each treatment. Statins were associated with a 20% lower risk of 
death, which was similar to the benefit from antiplatelets. Any single 
antihypertensive drug was associated with a 12% lower risk of death (Bahia et 
al. 2016).  

Secondary cardiovascular prevention is recommended in the United 
Kingdom by the NICE (the National Institute for Health and Care Excellence) 
guidelines for individuals with a 10-year cardiovascular risk of over 10%. As 
the risk of cardiovascular death for a patient with a small AAA is approximately 
3% per year, secondary cardiovascular prevention is advisable (Bath et al. 
2015). Especially AAA patients with no previous history of symptomatic 
cardiovascular disease are likely not on adequate secondary prevention, 
although they would benefit from it.  

2.7.2 ELECTIVE SURGERY: INTACT ANEURYSMS 
In open aneurysm repair (OAR), the surgeon’s experience has been shown to 
be associated with lower operative mortality (Kantonen et al. 1997). Hospital 
volume was not associated with mortality in the study by Kantonen et al., 
although, in another study, it correlated with mortality as well as surgeon 
volume (Zettervall et al. 2017a). The correlation between mortality and 
hospital volume was, however, minimal with EVAR, and no correlation was 
seen between mortality and surgeon volume in EVAR procedures. Another 
American study found that hospitals that completed fewer than five OARs or 
eight EVARs per year had significantly higher mortality than those hospitals 
with a higher number of procedures (Dua et al. 2014a). In the United 
Kingdom, it was noted that hospital volume effected the long-term outcome of 
electively treated AAA patients positively (Holt et al. 2012).  

Long-term survival after AAA repair is poor, even though short-term 
survival has improved. Five-year survival in a meta-analysis was only 69%, 
with no significant improvement from 1969 to 2011. Although after 
adjustment for patient age, a statistically significant improvement in survival 
was seen (Bahia et al. 2015). This poor survival is mostly due to high 
cardiovascular mortality in AAA patients. Survival was poorer in older patients 
and in those with larger aneurysms. The same finding was mirrored in the 14-
year results of the Zenith endograft (Cook, Brisbane, Queensland, Australia), 
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which showed that survival 14 years after EVAR is 24%, even though AAA-
related death was uncommon (Verzini et al. 2017). Decision-making aids have 
been developed for estimating mortality risk after AAA repair. One model 
based on data from the British National Vascular Database can be found at 
http://www.britishaneurysmrepairscore.com (Grant et al. 2013).  

2.7.2.1 Indications for repair 
The indication for elective repair of AAA is currently based on the maximal 
diameter of the aorta, although more specific and sensitive methods, e.g. 
aneurysm volume or PWS and other biomechanical indices, might give a better 
indication of rupture risk (Kitagawa et al. 2013; Leemans et al. 2017). 
However, these methods are not readily available in everyday practice, and 
thresholds for surgical treatment have not been defined. 

The diameter threshold for surgical treatment of asymptomatic AAA is 55 
mm in both the ESVS and SVS guidelines (Chaikof et al. 2009; Moll et al. 
2011). The 55-mm threshold was adopted based on two RCTs, the United 
Kingdom Small Aneurysm Trial (UKSAT) and the Aneurysm Detection and 
Management trial (ADAM), that showed no survival benefit in open surgery 
before a 55-mm diameter (UK Small Aneurysm Trial Participants 1998b; 
Lederle et al. 2002).  

The UKSAT randomised 1090 patients with aneurysms of 40-55 mm in 
diameter between 1991 and 1995 to open surgical repair or US surveillance. 
When an aneurysm reached 55 mm, became symptomatic, or other aortoiliac 
procedures were needed, repair was recommended. Twenty percent of the 
patients were still alive and under surveillance for an aneurysm of under 55 
mm at the end of the study. No difference in survival was seen between the 
groups (p=0.56). The study showed a possible benefit of surgery for patients 
who were younger or had larger aneurysms. Older age, larger AAA diameter, 
lower ABI and lower FEV1 at baseline were indicators for an increased risk of 
death. The median aneurysm growth rate in the surveillance group was 33 mm 
per year (IQR 0.20-0.53) (UK Small Aneurysm Trial Participants 1998b). A 
cost-effectiveness analysis (CEA) also showed that the costs were higher for 
the early surgery group, although surgically treated patients reported better 
current health perception in quality-of-life questionnaires 
(UK Small Aneurysm Trial Participants 1998a). The UKSAT did not show a 
survival difference between the groups in longer follow-up, although total 
mortality was lower in early surgery group after eight years 
(UK Small Aneurysm Trial Participants 2002). 

The ADAM trial randomised 1136 patients with 40-54-mm aneurysms to 
immediate repair or US surveillance. No difference in overall mortality or 
AAA-related mortality was seen between the two groups, or in subgroups 
defined by AAA diameter or age (Lederle et al. 2002). A quality-of-life analysis 
was performed on ADAM trial patients. There was little difference between the 
surveillance and early repair groups. Impotence was more common in the 
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early repair group more than 1 year after randomisation, but early repair was 
associated with improved perception of general health in the first 2 years 
(Lederle et al. 2003a).          

Because of the trend towards benefit from early surgery in younger and 
healthier patients in the UKSAT and ADAM studies, and because the studies 
were not adequately powered to detect differences in these subgroups, while 
also considering the increased AAA rupture risk in women, the SVS guidelines 
give a weak recommendation for considering repair for young, healthy 
patients, and especially women, with an aneurysm of over 50 mm. According 
to the ESVS guidelines, repair for women should be considered when the 
diameter is 52 mm. The ESVS guidelines also include a growth rate of >1 cm 
per year as an indication for considering repair. This criterion is not in the SVS 
guidelines. Growth rate is considered unreliable because of variations in 
measuring AAA diameter and because of the non-continuous growth 
commonly seen in AAA (Kurvers et al. 2004). The SVS guidelines recommend 
repairing saccular aneurysms irrespective of diameter (Chaikof et al. 2009). 

After the widespread availability of EVAR with lower operative mortality, 
the rationale for waiting until 55 mm was again questioned. Two RCTs, the 
Comparison of Surveillance Versus Aortic Endografting for Small Aneurysm 
Repair (CAESAR) trial (Cao et al. 2011) and the Positive Impact of 
Endovascular Options for Treating Aneurysms Early (PIVOTAL) trial (Ouriel 
et al. 2010), investigated EVAR for small aneurysms (41-54 mm and 40-50 
mm, respectively) compared to surveillance. Neither study showed a benefit 
from an early intervention. The Cochrane review on surgery for small 
asymptomatic aortic aneurysms concluded, based on the four RCTs, that 
current evidence does not support the repair of aneurysms under 55 mm in 
diameter (Filardo et al. 2015). There is, however, some evidence suggesting 
that earlier repair might be beneficial: A comparison of repair thresholds 
between the United States and England showed that repaired AAAs were a 
mean ( SE) of 5.3 0.3 mm larger in England than in the United States. The 
hospitalisation rate due to rupture was twice as high and the aneurysm-related 
mortality 3.5 times higher in England than in the United States. No causality 
between these findings could be established by the study, however 
(Karthikesalingam et al. 2016b).      

In cases where the perioperative mortality risk is high, it is often advisable 
to continue surveillance until a larger diameter is reached. As noted in section 
2.5, the rupture risk for an AAA under 7 cm is still relatively low. If the risks 
are prohibitively high, elective repair can be deferred indefinitely, and repair 
in the case of rupture may be attempted. The EVAR-2 trial did not show any 
benefit from treating patients unfit for open surgery with EVAR 
(EVAR Trial Participants 2005a). In 12-year follow-up there is, however, a fall 
in AAA-related mortality, but not in overall mortality (unpublished data, 
presented at the Charing Cross Symposium 2017, April 2017).  

In the case of inflammatory abdominal aortic aneurysms (IAAA), the 
indications for repair are similar to those of asymptomatic AAAs, even though 
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IAAAs are often symptomatic. The rupture risk of an IAAA is considered to 
possibly be lower than that of a non-inflammatory AAA. Treatment with anti-
inflammatory medication is often warranted (Ketha et al. 2014). 

2.7.2.2 Open surgery versus EVAR 
In most centres, EVAR is today considered the first-line treatment option for 
AAA repair (Budtz-Lilly et al. 2017; Powell et al. 2017). This is mostly based on 
the lower perioperative mortality and shorter hospital stay (Brown et al. 2012). 
Open repair also requires a longer convalescence time of over 1 month. The 
benefits of open repair are its high durability and low rate of late 
complications. The downside of EVAR is the uncertainty about its long-term 
durability and the requirement of life-long surveillance. Reinterventions are 
also not uncommon even long after the initial operation. The most common 
cause for reintervention is endoleak (Table 5). 

Table 5 Classification of endoleaks. Modified from Chaikof et al. 2002 and the ESVS 
guidelines Moll et al. 2011. 

The strongest evidence on EVAR compared to OAR comes from four RCTs: 
the EVAR-1 trial from the United Kingdom (EVAR Trial Participants 2005b), 
the Dutch Randomized Endovascular Aneurysm Management (DREAM) trial 
from the Netherlands (Prinssen et al. 2004), the Open Versus Endovascular 
Repair (OVER) trial from the United States (Lederle 2009), and the 
Anévrysme de l’aorte abdominale, Chirurgie versus Endoprothèse (ACE) trial 
from France (Becquemin et al. 2011). Long-term results from three of these 
studies are also available: DREAM (De Bruin et al. 2010), OVER (Lederle et 
al. 2012) and EVAR-1 (Patel et al. 2016). Most of the patients included in these 
studies were men: approximately 90% in EVAR-1 and DREAM and over 99% 
in OVER and ACE. ACE included only patients with a low or intermediate risk 
for OAR. A meta-analysis of the four studies showed a significant benefit for 
EVAR in 30-day mortality (OR 0.32, 95% CI 0.14-0.71), although it is noted 
that, because of considerable differences in these studies, a traditional meta-
analysis is not reliable (Epstein et al. 2014). In all the trials, the reintervention 
rate after EVAR was higher than after OAR, although the difference was not 
statistically significant in the OVER trial. The cost of hospital resource use was 
also lower in EVAR patients because of the approximately 5 days shorter 

Endoleak Source of perigraft flow 
Type Ia Proximal end of the stent graft 
Type Ib Distal end of the stentgraft 
Type II Branch leak 
Type III Stent graft defect (junctional leak or fabric hole) 
Type IV Fabric porosity 
Type V (endotension) AAA enlargement without visible endoleak 
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hospital stay. However, this cost was offset by the cost of the endovascular 
device, except in the United States. In EVAR-1, patients showed a greater loss 
in the quality of life after OAR for the first 3 months, but there were no 
significant differences after that. Similar results were seen in DREAM. EVAR-
1 and DREAM showed that EVAR patients had a survival benefit up until 2 
years, while this time in the OVER trial was 8 years, but in ACE trial there was 
no difference in survival at any time point.  

In a CEA based on the OVER trial, EVAR was found to be cost-effective 
because of the longer survival benefit. This result was not seen in a CEA based 
on the three other trials (Epstein et al. 2014). It is notable that the devices used 
in these trials were of an early generation, the perioperative imaging was less 
advanced, and hybrid suites were not available. Many procedures were also 
performed outside the device’s instructions for use (IFU). Some publications 
have not shown significantly worse results for EVAR performed outside the 
IFU, but few long-term results have been published (Oliveira-Pinto et al. 
2017). Compliance with IFU has been low in many cases, and this has been 
suspected to be one reason for sac growth during follow-up after EVAR 
(Schanzer et al. 2011). The long-term results of EVAR-1 also demonstrated a 
higher late mortality from AAA-related causes. This is something that was 
observed also in a cohort of Medicare beneficiaries undergoing repair for AAA 
(Schermerhorn et al. 2015; Patel et al. 2016). These questions concerning late 
ruptures after initial repair and the long-term durability of EVAR have caused 
increased interest in OAR for younger patients with a long life expectancy. A 
meta-analysis of the RCTs did not show, however, that young and fit patients 
would benefit from OAR at least during 5 years of follow-up. The same analysis 
also showed that, although EVAR was generally associated with lower short-
term mortality, patients with moderate renal dysfunction and IHD showed no 
survival benefit (Powell et al. 2017).   

Smoking is associated with more additional intraoperative procedures and 
a higher risk of device migration, but fewer type II endoleaks, which might be 
because of more atherosclerotic changes in the arteries and increased 
coagulation in smokers (Koole et al. 2012).   

OAR can be performed with either a transabdominal or retroperitoneal 
approach, with conflicting reports on the merits of these approaches. The 
retroperitoneal approach is commonly used when the aneurysm extends 
proximally. One recent report found a lower risk of cardiac and renal 
complications with the retroperitoneal approach (Teixeira et al. 2016), while 
another found no significant differences (Buck et al. 2016). A meta-analysis 
reported that a retroperitoneal approach was associated with fewer cases of 
postoperative ileus and pneumonia (Twine et al. 2013). In complicated open 
repair of juxtarenal aneurysms that requires a long period of aortic cross-
clamping, temporary perfusion for renal and/or visceral vessels may be 
required. This can be achieved with, for example, temporary axillorenal bypass 
(Heinola et al. 2016a). 
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Laparoscopic aneurysm repair is also practiced, although it has not gained 
wide popularity because of the steep learning curve (Dion et al. 2001). Some 
centres have reported good results using this technique (Coscas et al. 2014; 
Howard et al. 2015a). 

The ESVS guidelines recommend follow-up with colour duplex US or CT 
imaging at 5, 10 and 15 years after OAR to identify perianastomotic aneurysms. 
After EVAR, the ESVS guidelines suggest CT angiography and plain 
radiographs at 30 days and 12 months and, thereafter, yearly US surveillance. 
Increasing diameter or a new endoleak in US surveillance should be followed 
with CT angiography. If there is any endoleak in the first control examination, 
CT angiography should also be performed at 6 months. Any type I and type III 
endoleaks should be repaired (Moll et al. 2011).  

There has been some interest in using statins to reduce endoleaks after 
EVAR, but the data supporting this is quite weak. Some studies have found 
evidence that statin therapy influences type II endoleak regression and aortic 
sac stabilisation, but other studies have not found it to have any effect (Pini et 
al. 2015; Kim et al. 2017).  

Long-term results for the Zenith stent graft, which is the oldest graft still in 
use without major modifications, have been published (Verzini et al. 2017). 
The risk of reintervention was 12.1% at 5 years, 25% at 10 years and 30% at 14 
years. Five-year results for the Endurant stent graft (Medtronic, Minneapolis, 
MN, USA) showed a reintervention risk of 11% at 5 years (Singh et al. 2016). 
The reintervention rates of early endografts have been higher, 56.9% at 10 
years according to one study (Mestres et al. 2010). 

Conversion from EVAR to OAR is sometimes required. This is associated 
with high perioperative mortality. The risk factors that increased the 
likelihood of conversion in one study were young age, female sex and non-
white ethnicity (Ultee et al. 2016a). Renal complications are not uncommon 
after OAR or EVAR and are associated with increased mortality. Risk factors 
for these are elevated baseline glomerular filtration rate, OAR, transfusion and 
prolonged operation duration (Zettervall et al. 2017b). However, in another 
publication, there was no difference in renal function 5 years after OAR or 
EVAR (de Bruin et al. 2013).  

2.7.3 URGENT SURGERY: SYMPTOMATIC ANEURYSMS 

2.7.3.1 Indications and timing of repair 
Intact AAAs that require urgent, but usually not emergency, repair are 
symptomatic aneurysms, infected (mycotic) aneurysms, or infections of a 
previously repaired AAA (graft infection). Symptomatic aneurysms are 
considered to have a high rupture risk and are therefore repaired urgently. 
Inflammatory aneurysms are an exception, as they are often symptomatic but 
are suspected to have a lower rupture risk than non-inflammatory AAAs. 
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Mycotic aneurysms can grow fast, but emergency surgery is usually not 
necessary if the infection can be controlled by antibiotics. Surgery is, however, 
necessary as a curative treatment, as conservative treatment has a mortality of 
100% (Wilson et al. 2016). A definition for aortic graft infection has been 
proposed by the Management of Aortic Graft Infection Collaboration (MAGIC) 
(Lyons et al. 2016). 

Symptomatic AAA treatment is usually not required immediately. In one 
study, those repaired within 4 hours of arriving at hospital had a higher 
mortality rate than those whose operation was delayed so that the patient 
could be optimised and experienced staff was available (Cambria et al. 1994). 
In this study, no one died while waiting for the deferred operation. A recent 
study with an increased use of EVAR, on the other hand, did not indicate that 
emergency surgery yielded a difference in survival when compared to surgery 
delayed for at least one day (Soden et al. 2016). However, the authors did see 
a twofold increased risk of perioperative mortality compared to asymptomatic 
aneurysms. Another study showed an intermediate long-term survival and 
major adverse event rate for symptomatic patients compared to asymptomatic 
or ruptured AAAs (De Martino et al. 2010). Yet another study showed no 
difference in 30-day survival or major adverse events between symptomatic 
and asymptomatic patients whose AAAs were treated with EVAR (Stokmans 
et al. 2012).     

A Finnish study demonstrated that emergency repair on 
haemodynamically stable non-ruptured AAA patients was associated with 
higher early and late mortality than elective repair. The authors suggested that 
these patients should undergo urgent cardiac evaluation before surgery to 
reduce mortality from IHD (Soisalon-Soininen et al. 1999). 

2.7.3.2 Open surgery versus EVAR 
Mycotic aneurysms or graft infections (of prosthetic grafts or EVAR devices) 
are typically treated with open repair: debridement and either extra-anatomic 
reconstruction or in situ reconstruction with infection-resistant material, e.g. 
autogenous veins or cryopreserved allografts(Lyons et al. 2013; Heinola et al. 
2016b; Wilson et al. 2016). EVAR can be an option, but it is usually reserved 
for stabilising the patient for definitive open repair later (Kan et al. 2007). In 
an analysis of Swedish vascular registry patients treated for mycotic AAA, 
those treated with EVAR had lower short-term mortality than and a 
comparable number of infection-related complications or reoperations with 
those treated with OAR (Sörelius et al. 2016). Most patients in the OAR group 
were treated with in situ reconstruction, but the material used for 
reconstruction was not specified. The rates of infection-related complications 
were 18% for OAR and 24% for EVAR.  

There is some evidence that symptomatic AAA patients benefit from an 
endovascular-first strategy, and this is recommended by the ESVS guidelines 
(Holt et al. 2010). The suggested time for treatment in the ESVS guidelines is 
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the next available elective operating list (Moll et al. 2011). In HUH, 
symptomatic aneurysms are usually repaired during the same hospital stay.  

Large asymptomatic AAAs (over 90 mm) should be considered for urgent 
repair according to the ESVS guidelines (Moll et al. 2011). A delay in the repair 
of an AAA can have serious consequences, and rupture while waiting for repair 
is not uncommon, especially with large AAAs (Noronen et al. 2015). 

2.7.4 EMERGENCY SURGERY: RUPTURED ANEURYSMS 
In the Netherlands, the centralisation of RAAA treatment to vascular 

centres with a 24-hour emergency vascular service resulted in better survival 
(van Beek et al. 2014). In both the United Kingdom and the United States, 
teaching hospitals had a lower turn-down rate and lower operative mortality 
than non-teaching hospitals (Karthikesalingam et al. 2014). Transferring 
RAAA patients to another hospital may seem risky, but in a Dutch study, 96% 
of patients who were haemodynamically stable upon arrival at the hospital 
survived for more than 2 hours, which gave time to transfer the patient to a 
vascular centre (van Beek et al. 2015b). A Finnish study also found no 
difference in the treatment results of RAAA depending on the transportation 
distance to the hospital where the patient was operated on (Kantonen et al. 
1999b). The quality of life after successful RAAA repair has been shown to be 
almost the same as that of the age- and sex-adjusted general population 
(Korhonen et al. 2003). 

Based on the IMPROVE trial data, the aneurysm neck length appears to 
have a significant effect on operative mortality for both OAR and REVAR for 
RAAA. The reason for the higher mortality in OAR probably results from the 
need for aortic cross-clamping above the level of the renal arteries 
(IMPROVE Trial Investigators 2015a). REVAR for RAAA that fall outside the 
IFU also has higher rates of complications, mortality and graft-related 
problems than those performed within the IFU (Baderkhan et al. 2016).         

2.7.4.1 Open surgery versus EVAR 
Current consensus favours first-line REVAR treatment for RAAA, even though 
neither the IMPROVE (IMPROVE Trial Investigators et al. 2014) nor the 
smaller Amsterdam Acute Aneurysm (AJAX) trial (Reimerink et al. 2013a) or 
Endovasculaire ou Chirurgie dans les Anévrysmes aorto-iliaques Rompus 
(ECAR) trial (Desgranges et al. 2015) showed any immediate survival or cost-
effectiveness benefit from REVAR. Similar findings were seen in a Swedish 
study with no difference in perioperative or midterm survival between centres 
with an REVAR-first or an OAR-first strategy (Gunnarsson et al. 2016). 
However, there were several other benefits from an REVAR-first approach: the 
patients were likelier to be discharged faster and directly to their home, and 
the early quality-of-life indicators were better (IMPROVE Trial Investigators 
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2015b). The 3-year results of the IMPROVE trial strongly support the 
endovascular first therapy with a clear mortality and cost-effectiveness benefit 
for REVAR (unpublished data, presented at the Charing Cross Symposium 
2017, April 2017)  

Re-interventions after REVAR were not more common than after OAR in 
IMPROVE, although in the AJAX trial, the patients who survived their initial 
hospital stay had a higher re-intervention rate if they had been primarily 
treated with REVAR (van Beek et al. 2015a). IMPROVE also found REVAR to 
be cost-effective, with a >0.90 probability at all realistic willingness-to-pay 
thresholds. Both of these findings contradict those seen with elective EVAR. 
In contrast to IMPROVE, the AJAX trial found REVAR prohibitively expensive 
and not cost-effective. Much of this finding was suspected to be because of the 
high conversion rate (Kapma et al. 2014). A retrospective CEA from 
Cambridge, United Kingdom, found that REVAR was as cost-effective as OAR 
for RAAA at least up to three years. The OAR costs were higher perioperatively, 
but REVAR generated costs later from re-interventions and surveillance. 
These costs did not exceed the perioperative OAR costs, but with longer follow-
up, REVAR might become less cost-effective (Rollins et al. 2014). Some 
centres have also reported better long-term survival after the adoption of a 
REVAR-first strategy (Ullery et al. 2015).  

2.8 SCREENING 

As an AAA is commonly asymptomatic and often goes undiscovered until 
rupture, which in turn has a very high mortality rate, the disease has been 
considered ideal for screening. Aneurysms can be easily found and followed 
with a non-invasive US examination, which also fits in well with the ideology 
of screening. US has a high sensitivity and a specificity of close to 100% 
(Lindholt et al. 1999). There have been four RCTs that have explored the utility 
of screening in reducing mortality from AAA. Based on these studies, three 
countries have implemented national screening programmes. 

2.8.1 STUDIES ON SCREENING 
The first population-based AAA screening trial was conducted in Oxford, 
United Kingdom, in 1988. It included 825 men aged 65-74 years, only little 
over half of whom attended. The prevalence of AAA was 5.4% (Collin et al. 
1988). After this small non-randomised study, four RCTs followed: The 
Chichester trial (Chichester, United Kingdom) in 1989-1994 (Scott et al. 
1995), the Viborg trial (Viborg county, Denmark) in 1994-1999 (Lindholt et al. 
2005), the Western Australian trial 1996-1999 (Norman et al. 2004), and the 
Multicentre Aneurysm Screening Study (MASS; Portsmouth, Southampton, 
Winchester, and Oxford, United Kingdom) in 1997-1999 (Ashton et al. 2002).  
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The Chichester study, which was a pilot study for the much larger MASS 
trial, was the only one that included women as well as men. It included 15 775 
patients (6 433 men) aged 65-80 years. The Viborg trial and the MASS trial 
were larger and included only men and younger age groups - 12 639 men aged 
64-73 years and 67 800 men aged 65-75 years. The Western Australian trial 
included 38 480 men aged 65-83 years, with 33.4% being 75-83 years of age. 
This age group was included in order for the study to have adequate power. 
The AAA prevalence in men in these studies ranged from 4.4% in Viborg and 
4.9% in MASS to 7.2% in Western Australia and 7.6% in Chichester. Twelve 
per cent of the discovered AAAs were over 55 mm in diameter upon initial 
scans in Viborg and MASS, but only 7% in Western Australia.  

The number of elective AAA repairs was approximately 2-4 times higher in 
the invited groups compared to controls. Emergency procedures fell to roughly 
half the number seen in the control group, however. The Chichester, Viborg 
and MASS trials all showed a reduction in AAA-related mortality in the group 
that was invited to screening when compared to the control group. The relative 
risk reduction was 42% in Chichester and MASS, and 67% in the Viborg trial. 
In the Western Australian trial, AAA-related mortality was not significantly 
reduced, mostly because of the high number of deaths in those that were 
invited but did not attend. The conclusion of the authors was that “the success 
of screening will depend on choosing the best target age group (probably men 
aged 65-74 years), excluding ineligible men, and minimising delay between 
becoming eligible for screening and actual screening”. In the MASS trial, the 
reduction in non-fatal RAAA was similar to the reduction in AAA mortality. 

Long-term results are also available for the four RCT studies: 15-year 
follow-up for Chichester (Ashton et al. 2007), 14-year follow-up for the Viborg 
trial (Lindholt et al. 2010), 13-year follow-up for the MASS trial (Thompson et 
al. 2012), and 12.8-year follow-up for the Western Australian trial (McCaul et 
al. 2016). The benefit from screening could still be seen in the Chichester 
population after 15 years, although the reduction at 15 years in AAA-specific 
mortality had dropped from the 42% at 5 years to only 11% and was not 
statistically significant. The risk of AAA rupture increased after 10 years from 
the initial scan. Of the patients with a detected AAA who had died during the 
follow-up in the MASS trial, 58.2% had not had a RAAA or undergone AAA 
repair. The number of operations in the invited group was about twice as high 
as in the control group, and the number of emergency operations was half of 
the number in the control group. Thirty-day surgical mortality was 4.2%. 
Repair was done with EVAR in 12.8%, with a mortality rate of 1.8%. The 
mortality in this later report compares favourably to the rate of 6% in the initial 
MASS report. The relative risk reduction for AAA-related deaths was 42% in 
the invited patients and 52% in those who actually attended.  

Because AAA deaths are still uncommon, the absolute risk reduction was 
only 0.46% during the follow-up. The number of men needed to be invited to 
screening to prevent one death during 13 years was 216. This compares 
favourably to, for instance, breast cancer screening, in which the number of 
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individuals needed for screening is approximately 400. All-cause mortality 
was reduced by 3% in the invited group (HR 0.97, 95% CI 0.95-0.99). Eight 
years after the initial scans, the number of RAAAs increased in the invited 
group, but was still lower than in the control group. Rescreening those with an 
aortic diameter of 25-29 mm 5 years after the initial scan was suggested 
(Thompson et al. 2012).  

In the Viborg trial, the patients with an aortic diameter of 25-29 mm upon 
the initial scan were rescreened 3-5 years later, and 28% had developed an 
AAA, although the largest was only 48 mm in diameter. The conclusions of the 
Western Australian trial did not change after longer follow-up. The reduction 
in AAA-related mortality was only 8% even in the subgroup of 65-74 year-olds 
and not statistically significant. The deaths from AAA in those patients who 
actually attended the screening, however, were halved. The authors attributed 
the lack of benefit from screening to the low rate of rupture and death from 
AAA, the high rate of elective surgery in the control group, and the low 
attendance to screening (68% compared to 76.6% in Viborg and 80.3% in 
MASS).  

During the surveillance in the Viborg study, 36% of those with an AAA of 
under 5 cm in the initial scan were operated on. The AAA-related risk 
reduction remained high at 66% after long-term follow-up. The decrease in all-
cause mortality compared to the control group was 2% but not statistically 
significant. The same trend of roughly double the number of elective 
procedures and half the number of emergency procedures was also seen in the 
long term.  

Several meta-analyses have been published on the combined data of these 
four RCTs. With the inclusion of the 15-year results of the Chichester trial, the 
13-year results of the MASS trial, the 14-year results of the Viborg trial and the 
11-year results of the Western Australian trial, the 2.7% reduction in all-cause 
mortality reached statistical significance (Takagi et al. 2013b). The estimated 
number of individuals needed to be invited to screening to save one life was 
156. As AAA accounted for only 2% of the deaths in this population, it is likely 
that there are also other causes for the reduction in all-cause mortality besides 
the reduced AAA-specific mortality. It is possible that addressing 
cardiovascular risk factors during the screening process has a beneficial effect 
on mortality.  

The thorough review of the RCTs and other related studies by the United 
States Preventive Services Task Force (USPSTF) concluded that one-time 
screening for 65-year-old men, especially those who have ever smoked, is 
effective in reducing AAA-related mortality. The original review and screening 
recommendation was published in 2005 and updated in 2014 (Fleming et al. 
2005; Guirguis-Blake et al. 2014a; Guirguis-Blake et al. 2014b). This review, 
however, concluded that the effect on all-cause mortality was not statistically 
significant, although it was later pointed out that their rounding was incorrect 
and the reduction in all-cause mortality would actually reach statistical 
significance (Lederle 2016a). The all-cause mortality reduction remained 
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statistically significant even after including the most recent negative long-term 
data from the Western Australian trial (Lederle 2016b).               

There are several on-going trials on AAA screening listed on 
ClinicalTrials.gov (January 2017). Some of these focus on screening in 
suspected high-incidence groups such as patients with peripheral arterial 
disease or carotid stenosis (NCT01248533). There is also a study looking into 
US in AAA screening in smoking Israeli Arab Men (NCT02306304). The 
population-based screening studies listed are from Norway (screening for 
abdominal aortic aneurysm in 65-year-old males in Oslo, NCT01248533), and 
Denmark (randomised preventive vascular screening trial of 65-74-year-old 
men in the Central region of Denmark, NCT00662490).     

2.8.2 RESULTS OF SCREENING PROGRAMMES 
Currently, there are three national AAA screening programmes: one in the 
United Kingdom, one in Sweden and one in the United States. The actual AAA 
prevalence has been much lower in these screening programmes than in the 
RCTs. This affects the cost-effectiveness of screening, and some doubt over the 
benefit of AAA screening has been expressed. The initial results from the 
screening programmes have recently been published and are reviewed below. 

The United Kingdom National Screening Committee concluded in 
November 2005 that, based on evidence from existing studies, US screening 
should be offered to men in their 65th year. The National Health Service (NHS) 
Abdominal Aortic Aneurysm Screening Programme (NAAASP) was 
implemented beginning from July 2009, covering the entire England by April 
2013 (Davis et al. 2013). Screening has since also been implemented in 
Scotland, Wales and Northern Ireland. The NAAASP also includes advice from 
a vascular nurse specialist concerning a healthy lifestyle, smoking cessation 
and diet, and a recommendation to take antiplatelet and statin therapy, unless 
contraindicated. The men aged over 65 years – who will not receive an 
invitation to screening – can, nevertheless, self-refer to their local screening 
programme.  

The 5-year results of the NAAASP have been published for the first 700 000 
screened men and the first 1000 men referred to treatment for an AAA >5.4 
cm (Jacomelli et al. 2016). The annual cohort was approximately 300 000 
men. For 700 000 men to attend, 896 287 had to be invited, yielding an 
acceptance rate of 78.1%. The acceptance of screening varied from 61.7% to 
85.8%, depending on the area; social deprivation also affected attendance. The 
mean aortic diameter was 1.8 cm (range 0.7-11.1). The prevalence of any AAA 
was 1.34%, and 8% of these aneurysms were >5.4 cm in diameter. There was 
also evidence that the prevalence was falling annually. Of the self-referred over 
65-year-old men from the same period, 27 421 were scanned, and their AAA 
prevalence was 2.80%, with 5.5% of the aneurysms being over 5.4 cm.  

Of the 1000 men referred to a vascular centre due to an AAA of over 5.4 cm, 
51% were 65-year-olds with a large AAA detected in the first screening, 43% 
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were patients whose aneurysm grew during surveillance to a diameter of over 
5.4 cm, and 6.2% were self-referred patients found to have a large AAA on the 
initial or subsequent scans. The initial scan revealing a large AAA was found 
to be false in 3.2% of cases. AAA repair was performed for 870 patients. The 
median time from referral to surgery was 10 weeks. The national goal in the 
United Kingdom is for surgery to take place within 8 weeks of the referral, and 
this was accomplished for 40.5% of patients. Six patients died after referral 
but before surgery, two due to a ruptured AAA. Open repair was chosen for 
52% of patients and EVAR for 46% (the type of procedure was unknown for 
the rest). Perioperative mortality was 0.8%-0.9% for open and 0.7% for 
endovascular repair - which is lower than the 2015 National Vascular Registry 
rate of 1.5%. 

In 2005, based on the published RCTs on AAA screening, the United States 
Preventive Services Task Force (USPSTF) recommended the screening of all 
men aged 65-75 years who have ever smoked 100 cigarettes or more. 
Medicare, which covers over 65-year-old Americans, does not include 
preventive services; these have to be added through legislation. In 2007, the 
Screening Abdominal Aortic Aneurysms Very Efficiently (SAAAVE) Act came 
into effect, and the screening US was covered by Medicare, if the examination 
was performed during the first six months (later changed to 12 months) of 
enrolment in Medicare as part of the “Welcome to Medicare” package (Lederle 
2008; Shreibati et al. 2012). As of January 2014, this restriction has been 
removed, and otherwise eligible Medicare beneficiaries can also receive their 
referrals to US from other sources besides the “Welcome to Medicare” visit 
and without a time limit (www.cms.gov). The SAAAVE Act, contrary to the 
USPSTF guidelines (LeFevre and U.S. Preventive Services Task Force 2014), 
includes not only men 65-75 years of age, but also men and women who have 
a family history of AAA. The SVS guidelines, on the other hand, recommend 
screening to all men at or older than 65 years, and screening at 55 years for 
those men with a family history of AAA. Screening is also recommended for 
women aged 65 or older who have ever smoked or have a family history of AAA 
(Chaikof et al. 2009). 

The Department of Veterans Affairs (VA) adopted a less strict policy than 
Medicare from the start by not excluding those already in the system (Lee et 
al. 2009). There are also other smaller screening programmes for AAA in the 
United States, many of which have screened primarily women and younger age 
groups than suggested by guidelines (Lederle 2008). The complicated 
eligibility for Medicare-covered screening has resulted in a situation in which 
only 1% of the eligible 1 000 000 beneficiaries were screened in 2007 (Chun et 
al. 2013). The implementation of the SAAAVE Act also did not seem to have 
an effect on the AAA repair rate, the AAA rupture rate or all-cause mortality 
(Shreibati et al. 2012). 

Because of the way screening is organised in the United States, data on the 
results of the programmes is difficult to obtain. There are, however, some 
reports from large screening centres. The VA Northern California Health Care 
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System has published a retrospective analysis of its screening results for 9 751 
patients from 2007 to 2011 (Chun et al. 2013). However, 28.2% of the patients 
were inappropriately screened, i.e. they did not fulfil the screening criteria. 
The mean age was 71.5 years and declined during the study period, and 99.6% 
were men. AAA prevalence was 7.2%, and only 6.6% of these were over 5.5 cm 
in diameter. Only 67.4% of the large aneurysms were repaired. Of the patients 
with a large AAA, 26.1% died during the 5-year follow-up, but only one RAAA 
fatality was reported. Operative mortality is not reported.  

In Sweden, a general AAA screening programme for 65-year-old men was 
first introduced in the county of Uppsala, with other counties since adopting a 
similar system (Wanhainen and Björck 2011). The system reached nationwide 
coverage in 2015 and recently changed from being independently organised by 
the 21 counties to being a national programme (Wanhainen et al. 2016). 
Contrary to the NAAASP, patients with a known AAA are not excluded from 
the screening programme. This has a small effect of approximately 0.5%-
points (the prevalence of known AAAs in Sweden in men aged 65 years) when 
comparing the prevalence numbers from these two screening programmes 
(Svensjö et al. 2011). The annual cohort is approximately 60 000 men aged 65 
years. 

From 2006 to 2014, a total of 312 784 men aged 65 years were invited to 
the Swedish screening programme (Wanhainen et al. 2016). The attendance 
rate was 84%. AAA prevalence was 1.5%, with approximately 650 AAAs 
detected annually. The proportion of AAAs of ≥5.5 cm was 7%. Detected 
aneurysms were operated on in 18% of patients during the study period, 58% 
with open repair and 42% with EVAR. The operative mortality at 30 days was 
0.9%-1.3% after open repair and 0.3% after EVAR. The general perioperative 
mortality for AAA surgery was 1.5% in Sweden. AAA-specific mortality 
declined by 39% from 74/100 000 in 2000 to 45/100 000 in 2014. There was 
a clear correlation between the length of the screening programme and AAA-
specific mortality, with counties that had screened for ≥6 years having lower 
mortality than counties having screened for <4 years. A linear regression 
analysis showed a mean reduction of 4% in AAA mortality for each year of 
screening. In a stepped-wedge cluster randomised trial design, AAA mortality 
was 25% lower in the screening group than in the control group. Using a 
Markov model, the estimated long-term relative risk reduction of AAA-related 
death was 40%. The number needed to screen was 667 and the number of 
screening-detected aneurysms needed to operate was 1.5 to prevent 1 death. 
The prediction is that 40% of screening-detected AAAs will eventually be 
repaired, meaning 109% more elective repairs than with no screening, but a 
59% reduction in repairs due to RAAA. The low surgical mortality figures mean 
that the number of extra patients dying from elective repair, if compared to no 
screening, is 1 to 2 per year (0.1%-0.3% of men with screening-detected AAA) 
(Wanhainen et al. 2016). No difference in complication rates between repair 
for screening-detected and non-screening-detected AAAs has been observed 
in Sweden (Linné et al. 2014). The repair rate for intact AAA in Sweden 
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increased until 2010 after which it has stabilised at around 27/100 000 
inhabitants over 50 years of age. The incidence of RAAA and the 30-day 
mortality rate for both intact and ruptured AAA repair has decreased (Lilja et 
al. 2017). 

Operative mortality for screening-detected aneurysms seems to be lower 
than for incidentally discovered aneurysms (Lindholt and Norman 2011), 
which seems to hold true with the results from the NAAASP and the Swedish 
programme.     

These recent reports from Sweden and the United Kingdom seem to 
confirm the findings of the RCTs in that screening is an effective preventive 
health measure and cost-effective even with a lower-than-anticipated 
prevalence of AAA.  

2.8.3 COST-EFFECTIVENESS OF SCREENING 
CEA is a commonly used method to estimate the costs of health benefits that 
can be achieved by adopting new interventions. The result is usually expressed 
as an incremental cost-effectiveness ratio (ICER), which states the additional 
cost of one intervention compared to another (or to no intervention) in 
relation to the achieved health benefit, often expressed in quality-adjusted life-
years (QALYs). QALY is calculated by multiplying the health-related quality of 
life associated with a health state (expressed as 0.00 for dead and 1.00 for 
perfect health) with its duration (Neumann et al. 2017). Health-related quality 
of life can be described as “the value assigned to duration of life as modified by 
the impairments, functional states, perceptions, and social opportunities that 
are influenced by disease, injury, treatment, or policy” (Patrick and Erickson 
1993). First and foremost, CEA is meant to be used as one decision-making 
tool in allocating limited heath care resources (Neumann et al. 2017). 

The willingness-to-pay threshold varies from country to country, and using 
a single fixed ICER threshold is not appropriate for all cases. Some general 
guidelines exist, however - e.g. the one used by NICE specifies an ICER of 
under £20 000-30 000 (€23 700-35 600 or $25 300-38 000 as of April 
2017) per QALY as effective use of health care resources (NICE 2013). Factors 
that affect the results of CEA include defining the effects of intervention, the 
method of calculating QALYs (no gold standard for defining health-related 
quality of life exists), defining costs (whether to include only health-care 
related costs or a wider range of societal costs), the time horizon used for 
analysis (should be long enough to show the differences, both positive and 
negative, in the consequences of the intervention), and the discount rate 
(effects and cost experienced later rather than sooner are given less weight). 
Because of the uncertainties in CEA modelling it is important that sensitivity 
analysis, in which a wide range of possible variables are used, is performed 
(Neumann et al. 2017). 

There have been several CEAs of AAA screening, which overwhelmingly 
show that screening is likely to be cost-efficient. Some criticism of 
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methodological problems in some of these analyses, however, has been 
expressed (Campbell et al. 2007).  

Based on data from the MASS trial, one-time screening in 65-year-old men 
had an ICER of £2 320 per life-year gained (95% uncertainty interval £1 600-
£4 240) over a 30-year time horizon. This was quite similar after adjusting for 
quality of life, £2 970 (£2 050-£5 430) per quality-adjusted life-year (QALY) 
gained. The ICER calculated with the same model is considerably higher, when 
a shorter time horizon is used - at 4 years, it was £72 670, and at 10 years 
£7 970 per life-year gained (Kim et al. 2007).  

The MASS trial-based CEA was updated in 2014 with current costs and 
parameters observed in NAAASP in order to evaluate the cost-effectiveness of 
the English screening programme. It was noted that the cost of screening and 
surgical procedures had risen faster than the general health service inflation. 
The model used for the previous study was also calibrated according to the 10-
year results from MASS as well as the rupture and expansion rates from other 
recent trials. The analysis used a 30-year time horizon. The ICER was £5 758 
(£5 467-£9 443) per life-year gained and £7 370 (£5 467-£9 443) per QALY 
gained. This is more than the £2 970 per QALY predicted by the original 
model. Nevertheless, even when using a low willingness-to-pay threshold of 
£10 000 per QALY, the programme would be cost-effective with 99% 
probability. According to the model, the ICER would rise above the NICE 
threshold of £20 000 per QALY if the prevalence were to fall as low as 0.35% 
compared to the observed 1.5% AAA prevalence among 65-year-old men 
(Glover et al. 2014). 

Cost-effectiveness was also analysed in the final report of the Viborg trial 
after a 14-year follow-up. The report showed a considerably lower ICER of 
€157 (-€3 292-€4 401) per life year gained and €179 (-€4 083-€4 682) per 
QALY gained. The authors noted that the 50% reduction in acute AAA surgery, 
as was seen in the Viborg trial, almost outweighed the cost of screening and 
extra elective operations resulting from it. This is because the most expensive 
burden came from emergency surgery, which was more common in the control 
arm of the study (Lindholt et al. 2010).     

A CEA by Wanhainen et al. showed that cost-effectiveness was rather 
insensitive to variations in the cost of screening and surgery, but the risk of 
rupture and long-term survival had a significant effect on the cost-
effectiveness. They used a Markov model with the patient’s life time or the age 
of 100 years as the time horizon. In this study, the cost per life year gained was 
$10 474 with one screening of 65-year-old men or $13 900 per QALY gained; 
screening 60-year old men was as effective ($11 100 per life-year gained) but 
gained more life years. Rescreening those with a negative initial scan after 5 
years did not significantly affect the cost per life-year gained ($11 946). 
Although populations with a high prevalence of AAA, such as smokers and 
cardiovascular patients, seem good candidates for more specific screening 
programmes, their lower life expectancy countered the increased prevalence: 
ICER was $10 695 per QALY gained in smokers and $10 392 per QALY gained 
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in cardiovascular patients. If a screening-detected aneurysm was assumed to 
cause a hypothetical 5% reduction in QALY because of worrying about the 
aneurysm, the cost rose to $75 100 per QALY gained (Wanhainen et al. 2005). 

A CEA of screening in Norway and the Netherlands, that used a lifetime 
analysis with a Markov Model, was published in 2011. In the Netherlands, the 
ICER was €4 340 per life-years gained and, in Norway, €9 860 per life-years 
gained. The report noted that a prevalence of less than 1% combined with an 
incidental AAA detection rate of above 15% would tip the scales towards no 
cost-effectiveness (Spronk et al. 2011).  

An analysis using a Markov model based on MASS trial data as well as data 
from a Swedish prevalence study and the Swedvasc registry resulted in an 
ICER of €14 706 per QALY in 13-year follow-up and €7 570 per QALY gained 
in a lifetime analysis. The model was based on an AAA prevalence of 1.7% and 
management with EVAR in 50% of cases. Screening was predicted to be cost-
effective down to a prevalence of 0.5%. (Svensjö et al. 2014b). 

There are several other studies that have come to the conclusion of positive 
cost-effectiveness of AAA screening, with one exception from Denmark. That 
study used a decision tree and Markov model hybrid. Lifetime ICER was 
£43 485 per QALY (Ehlers et al. 2009). The model from this negative study 
was later found to be erroneous. The same model, after corrections, was used 
for the basis of the Finnish CEA which was published in 2011 by the National 
Institute for Health and Welfare. It concluded that the ICER for screening 65-
year-old men was €6 237 per life-years gained (Mäklin et al. 2011) and that the 
screening would likely be more cost-effective than the current practice of no 
screening. No screening was, however, subsequently initiated. 

The latest CEA based on the Swedish screening data shows a high 
probability of cost-effectiveness at a contemporary setting with a cost of 
€4 832 per life-year gained and €6 325 per QALY gained (Hager et al. 2016). 
Another Swedish CEA, however, showed a somewhat higher ICER of €15 710 
for a 35-year time horizon. This would still be considered cost-effective by the 
commonly used thresholds (Zarrouk et al. 2016).  

2.9 SEX-RELATED DIFFERENCES IN AAA 

Differences in prevalence of AAA and outcome of the disease between the sexes 
are well known, but results from studies and experiences in different centres 
are conflicting, and their implications on the best treatment strategy for 
women are uncertain (Lo and Schermerhorn 2016). Explanations for the lower 
prevalence in women have been searched for in the pathophysiological 
mechanisms of aneurysm formation, in which sex hormones may play a part. 
Oestrogen has been shown to have a protective effect against aneurysm 
formation at least in animal and in vitro studies (Makrygiannis et al. 2014).  

The only screening RCT that included women was the Chichester trial 
(Scott et al. 1995). The prevalence in women was six times lower than in men 
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for all age groups. The overall prevalence was 1.3% compared to the 7.6% in 
men. Women presented with an AAA approximately 10 years later than men, 
and the average rupture age was 6 years higher than in men, with the majority 
of women with a RAAA being over 80 years of age (Scott et al. 2002). The study 
arrived at the conclusion that screening women would not be a viable option.  

The prevalence of AAA in a Swedish cohort of 70-year-old women was 0.5% 
(95% CI 0.4-0.7), but 2.1% (1.0-3.7) among women who were current 
smokers (Svensjö et al. 2013). A review of screening studies that included 
women (the previous study by Svensjö et al. included) found a prevalence 
ranging from 0.37% to 1.53%. Smoking and older age increased the prevalence, 
with current smokers having the highest values (Ulug et al. 2016).  

Smoking may also confer a larger risk of AAA on women than on men, and 
female smokers are likely to have a higher prevalence of AAA than men who 
have never smoked (Stackelberg et al. 2014b). Current screening programmes 
have been estimated to be cost-effective up until the prevalence falls under 
0.35% in the United Kingdom (Glover et al. 2014) and 0.5% in Sweden 
(Svensjö et al. 2014a), which suggests that screening smoking women may be 
cost-effective with the caveat that the patients discovered in screening would 
be approximately 10 years older. In a CEA, screening 65-year-old women was 
found cost-effective with an ICER of $5 911 per life-year gained, but the 
decrease in AAA-specific mortality was only 32%, which is lower than in men 
(Wanhainen et al. 2006). The cost-effectiveness seen in the model was the 
result of the higher rupture risk in women. In the model, AAA prevalence in 
women was estimated to be 1.1%, which seems higher than the actual 
prevalence but still lower than the prevalence among female smokers. 

The rupture risk for an AAA of any size in women is higher than in men, 
although the growth rate is probably not significantly different (Thompson et 
al. 2013). The size of vessels is generally smaller in women and the same-sized 
aneurysm might thus mean a more advanced stage of disease than in men.  

Rupture patients, in comparison to electively treated patients, are more 
likely to be women and older (Dua et al. 2014b). After rupture, the outcome in 
women is also worse. However, a report from the Vascular Study Group of New 
England found no difference in the proportion of women with RAAA 
compared to men, nor was sex predictive of 30-day or 1-year mortality (Lo et 
al. 2013).  

A higher turn-down rate has been reported for female RAAA patients 
(Dueck et al. 2004). An American study showed a 7.7% higher 30-day 
mortality rate in female patients who underwent RAAA repair; the difference 
was seen in both OAR and REVAR but was larger with OAR. Women were also 
less likely to be discharged directly home after repair (Mureebe et al. 2010). In 
a more recent study, perioperative or long-term mortality did not differ 
between men and women regardless of treatment method (De Rango et al. 
2017). There was, however, a trend towards women possibly benefiting more 
from an endovascular-first strategy. The same was also seen in an individual 
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patient data analysis of the three RCTs comparing OAR to REVAR in RAAA 
(Sweeting et al. 2015). 

A lower diameter threshold for women has been suggested due to the 
higher rupture risk, but because of reports of higher mortality from elective 
repair, no definite consensus has been reached (Bown and Powell 2014; Vavra 
and Kibbe 2014). Both the ESVS and SVS guidelines, however, suggest repair 
for women at a lower diameter (Chaikof et al. 2009; Moll et al. 2011). The 
UKSAT, ADAM, or the two smaller RCTs comparing repair of small AAA to 
surveillance included few women and were likely underpowered to be able to 
show benefit for earlier repair in women. 

The results of elective repair are also somewhat inconclusive. Women are 
known to be less likely to meet the IFU criteria for EVAR (Sweet et al. 2011). 
The Vascular Study Group of New England found that women were less likely 
to undergo EVAR, probably due to this reason. Complication rates, at least 
partly due to access problems related to smaller vessels, were higher for 
women, as was morbidity after EVAR but also after OAR. No difference was 
seen in 30-day or 1-year mortality between the sexes, however (Lo et al. 2013). 
The EUROSTAR study group found that women had higher complication rates 
and a higher number of re-interventions after EVAR than men. A Kaplan-
Meier analysis showed worse long-term survival for women. In an adjusted 
Cox regression model, the effect of sex was no longer statistically significant 
for survival, but remained significant for event-free survival (Grootenboer et 
al. 2013).  

In an English study of NHS hospital patients, women, in addition to being 
older, had a higher incidence of COPD and rheumatological disease, but fewer 
cardiovascular risk factors (Desai et al. 2016). Short- and long-term mortality 
was significantly higher, and post-operative complications more common. In 
an American study using the American College of Surgeons National Surgical 
Quality Improvement Program (NSQIP) data, women were found to be at a 
higher risk of 30-day mortality and major complications after intact AAA 
repair even after adjusting for AAA diameter, but if adjustment was made 
based on the aortic size index (ASI), the differences were less significant. The 
authors concluded that this might be a better indicator for a repair threshold 
(Deery et al. 2017). ASI is calculated by dividing the AAA diameter with the 
body surface area (BSA). This can be calculated by the following formula: 
BSA=0.20247 × (weight0.425 × height0.725) (Du Bois and Du Bois 1989).  

During long-term surveillance after repair, however, women do not seem 
to have a higher number of endoleaks, re-interventions, limb occlusions or 
other post-repair complications than men (Lo and Schermerhorn 2016). 

There is some evidence that medical management of cardiovascular risk 
factors is inferior in women, which may contribute to higher perioperative 
mortality. IHD is more commonly underdiagnosed and undertreated, and 
women are less likely to be on statins (Mikhail 2005).  
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3 ILIAC ARTERY ANEURYSMS 

3.1 DEFINITION 

In 1817, Sir Astley Cooper ligated the aorta of a man with a traumatic external 
iliac artery aneurysm. This was the first reported operation performed for an 
iliac artery aneurysm (IAA)(Cooper 1830). The first reported repair of a 
common iliac artery was by Valentine Mott, who in 1827 reported a successful 
ligation of the common iliac artery (Mott 1827). Since then, only sporadic 
reports of individual cases or small patient series have been published. No 
RCTs or prospective reports on the subject have been published. IAAs are rare, 
even though they are the most common intra-abdominal aneurysms after 
AAAs. 

Based on the Ad Hoc Committee on Reporting Standards of the Society for 
Vascular Surgery criteria, the threshold for common iliac artery aneurysm 
would be 1.8 cm in men and 1.5 cm in women, and for internal iliac aneurysm 
0.8 cm in both sexes (Johnston et al. 1991). The definitions used in the 
literature are varied, ranging range from 1.5 to 2.5 cm, and do not usually differ 
between the common and internal iliac arteries. 

3.2 NATURAL COURSE 

In a report from 1988, IAAs constituted 3% of all atherosclerotic, noncranial 
aneurysms and 2.2% of all intra-abdominal aneurysms (Richardson and 
Greenfield 1988). These figures are derived from clinical practice before the 
widespread use of imaging studies. In an autopsy study of 26 251 patients, 
0.03% were found to have an isolated IAA (7 in total, 5 common, 1 external 
and 1 internal) and 0.6% an aortoiliac aneurysm, whereas 3.2% had an AAA 
(Brunkwall et al. 1989). Thus, in this study, IAA constituted almost 20% of all 
intra-abdominal aneurysms. The common iliac artery is most often the 
location of an IAA, and aortic aneurysms often extend into this vessel. The 
internal iliac artery, which is also known as the hypogastric artery, is the 
second most common location. Isolated aneurysms of the iliac arteries, 
however, are most often found in this vessel. The external iliac artery is rarely 
aneurysmatic, likely due to embryological reasons, as it develops from a 
different cell population than the common and internal iliac arteries. In a 
report from the Mayo Clinic, out of 438 patients with a common iliac artery 
aneurysm (CIAA), 86% had a concomitant AAA, 65% also had a contralateral 
CIAA, 29% had an internal iliac artery aneurysm (IIAA), and only 3% had an 
aneurysm of the external iliac artery (Huang et al. 2008).  

Reports on the expansion rates of IAA are varying. Santilli et al. reported 
expansion rates of 0.5-1.5 mm/year for aneurysms of <30 mm and 2.5-2.8 
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mm/year for those >30 mm in diameter. Although 37.5% of the aneurysms did 
not show any growth during a mean follow-up of 31.4 months, all aneurysms 
between 40 and 49 mm expanded. Those that were over 50 mm were 
emergently repaired (Santilli et al. 2000). Huang et al. reported a median 
expansion rate of 2.9 mm/year, with higher rates in patients with hypertension 
(Huang et al. 2008).  

The reported diameter of ruptured IAA has been quite large: a mean 
diameter of 78 mm was reported by McCready et al. and 75 mm by Lowry and 
Kraft; Richardson and Greenfield reported diameters ranging from 35 to 18 
mm (Lowry and Kraft 1978; McCready et al. 1983; Richardson and Greenfield 
1988). The aneurysms in these studies were mostly those located in the 
common iliac artery. Huang reported the median diameter of ruptured CIAA 
to be 60 mm (Huang et al. 2008). In a review of isolated IIAA, the mean 
diameter of ruptured aneurysms was 83 mm; for symptomatic aneurysms it 
was 76 mm (Wilhelm et al. 2014).  

Several reports from the early 20th century mention a subgroup of young 
women with an IIAA attributed to pregnancy and delivery (Maclaren 1913), 
but these types of aneurysms are not found in contemporary publications. IAA 
caused by infection and iatrogenic trauma, e.g. after hip or lumbar surgery or 
gynaecologic operations, have been described (Dix et al. 2005).  

3.3 TREATMENT 

3.3.1 INDICATIONS 
In 1983, McCready et al. proposed 30 mm as the threshold diameter for IAA 
repair (McCready et al. 1983). This is the most commonly referenced 
indication for repair. Santilli et al. proposed in 2000 that CIAAs larger than 
3.5-4.0 cm should be repaired (Santilli et al. 2000).  

In the case of symptomatic aneurysms, repair should be performed at a 
smaller diameter. Symptoms can be caused by the expansion of the aneurysms 
or compression of pelvic organs by the aneurysm. Krupski et al. reported on 
21 patients, with symptoms in 57%, most commonly abdominal pain, but also 
neurologic symptoms, claudication and urinary symptoms (Krupski et al. 
1998). Huang et al. reported 29% of patients being symptomatic, most 
commonly experiencing abdominal pain. They also reported two patients with 
acute deep venous thrombosis and three arteriovenous fistulas out of the total 
438 patients (Huang et al. 2008). According to Santilli et al., only patients with 
aneurysms larger than >40 mm in diameter reported symptoms (Santilli et al. 
2000). Out of 55 patients, Richardson and Greenfield reported 45% as 
asymptomatic, 33% with acute pain suggesting rupture or expansion and 9% 
with chronic pain attributed to compression of nerve roots or abdominal 
viscera. They also reported two patients with arteriovenous fistula - these 
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patients had dyspnoea and fatigue. Urologic symptoms such as flank pain, 
urgency or frequency was reported in 7% (Richardson and Greenfield 1988).     

3.3.2 OPEN SURGERY AND ENDOVASCULAR REPAIR 
The historical choice for treating an IAA was ligation, but since the 
development of vascular prostheses, endoaneurysmorrhaphy and 
reconstruction became the first-line options. In the case of the internal iliac 
artery, ligation has still often been the only option. Similarly to what has 
occurred in AAA repair, EVAR has become the primary treatment method for 
IAA.  

There are particular challenges to treating IAAs and aortoiliac aneurysms. 
Occluding the internal iliac artery is often necessary when there is an 
aneurysmatic common iliac artery in order to get a good landing zone in the 
external iliac artery. When there is a slightly aneurysmatic common iliac artery 
and a concomitant AAA, a large-diameter limb can be used to achieve an 
adequate sealing zone. This “bell-bottom” technique, however, has the 
downside of leaving the IAA untreated, leading to continuing dilatation of the 
common iliac artery and a high risk of the development of distal type I 
endoleak as well as rupture of the IAA. Techniques using parallel grafts, 
chimneys and snorkels have also been described to achieve the preservation of 
internal iliac artery flow (Lobato and Camacho-Lobato 2013).  

Currently, there are dedicated stent grafts for preserving flow to the 
internal iliac artery. These iliac branched stent grafts are available from three 
manufacturers: Zenith (Cook, Brisbane, Queensland, Australia), Excluder 
(W.L. Gore & Associates, Flagstaff, Arizona, USA) and E-iliac (Jotec GmbH, 
Hechingen, Germany). Endovascular aneurysm sealing with the Nellix 
(Endologix, Irvine, California, USA) device has also been used in treating IAA.  

3.3.3 COMPLICATIONS 
The preservation of at least one internal iliac artery is preferable, as its 
occlusion can lead to complications ranging from buttock claudication to 
ischaemia of the bowel or the spinal cord. The incidence of fatal ischaemic 
complications after the occlusion of the internal iliac artery has been reported 
to be 2.8% at 30 days. Buttock claudication was seen in 25.3% of patients 30 
days after discharge. Those patients whose internal iliac artery was occluded 
distally as well, most commonly due to an aneurysm of the vessel, had a higher 
incidence of buttock claudication, 43.0%. Persisting claudication was present 
in 85% at 18 months (Jean-Baptiste et al. 2014). Chitragari et al. reported 
buttock claudication in 21.2%, buttock necrosis in 5%, erectile dysfunction in 
2.7%, colonic ischaemia in 7.0%, and spinal cord ischaemia in 9.0% of vascular 
surgery patients with ligation or embolization of the internal iliac artery. 
Embolization, especially distal embolization, of the internal iliac artery was 
associated with more complications than proximal ligation (Chitragari et al. 
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2015). When treating aortoiliac aneurysms, internal iliac artery occlusion 
carried a 29.2% (95% CI 24.2-34.7) risk of buttock claudication. Higher 
incidence was seen in those with a bilateral interruption of internal iliac artery 
flow than those with a unilateral interruption (36.5% versus 27.2%, OR 1.7). 
The morbidity associated with internal iliac artery preservation techniques, on 
the other hand, was minimal and results were good (Kouvelos et al. 2016). It 
also appears that simple coverage of the internal iliac artery results in fewer 
complications than pre-emptive embolisation with no clear difference in 
endoleak and re-intervention rates (Kontopodis et al. 2017).       

3.3.4 RESULTS OF REPAIR 
In a review of patients that included mostly cases treated before the advent of 
modern endovascular techniques, the mortality was 52.9% after the repair of 
a ruptured internal iliac artery, 10.3% after the repair of a symptomatic 
aneurysm, and 0% after the repair of an asymptomatic aneurysm (Wilhelm et 
al. 2014). Richardson and Greenfield reported operative mortality of 20% in a 
group with ruptured and intact IAA (Richardson and Greenfield 1988) and 
Huang et al. a 30-day mortality of 3%. The mortality after elective repair was 
only 1%, but mortality after emergency repair was 27%. EVAR was used in 10% 
of the cases. Clinically significant ischaemic colitis was noted in 4 and spinal 
cord ischaemia in 2 patients out of all 438 patients. Primary and secondary 
patency were 99.4% and 100%, respectively, with no difference between open 
and endovascular repair. The length of hospital stay was significantly shorter 
for EVAR patients. An endoleak was seen in 31% of the stent graft patients at 
discharge and in 20% at the last available imaging study after a median follow-
up of 1.6 years. The incidence of buttock claudication was 5% after open repair 
and 34% after EVAR, although in open cases where the internal iliac artery 
was ligated the incidence was 27%. Most patients reported improvement of 
symptoms during follow-up (Huang et al. 2008).  

A 9.3% occlusion rate for the internal iliac branch of the Zenith IBS device 
during a 26.6-month follow-up has been reported. Six of the 13 patients with 
branch occlusion developed buttock claudication. Out of all the patients 
included in the study, 12.1% required secondary interventions. Mortality was 
1.4%, and major complications were seen in 4.3% (Jongsma et al. 2017). The 
6-month primary patency of the internal iliac component of the Gore Excluder 
device has been reported to be 94%. Reinterventions were required in 7.1% of 
patients (van Sterkenburg et al. 2016). The Jotec E-iliac device results have 
also been reported. At 1 year, the survival rate was 98.5% with all internal iliac 
limbs open, although two common iliac and one external iliac occlusions 
occurred (Mylonas et al. 2016).  

The Nellix system has been used in treating common iliac artery 
aneurysms. The proposed advantage of the system is that it does not need a 
heathy landing zone in the common iliac artery. The internal iliac artery 
remained patent in 98% during the 5-year follow-up. It had to be occluded in 
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three patients in order to extend the sealing zone into the external iliac artery. 
In cases where the common iliac artery could only partially be excluded, the 
authors of the report found that the annual growth rate of the aneurysm was 
actually higher (0.56 mm/y) than when the common iliac artery aneurysm was 
left untreated (0.16 mm/y). The completely excluded aneurysm, on the other 
hand, did not expand (Krievins et al. 2016).   
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AIMS OF THE STUDY 

The purpose of this study was to evaluate the incidence of RAAA and the 
results of RAAA repair in Finland in general and in the Helsinki and Uusimaa 
Hospital District in particular. The study also included IAAs, focusing 
especially on IIAAs, as these aneurysms often co-exist with an AAA and may 
also rupture causing similar symptoms.    

  
The specific aims were: 

  
1. To evaluate the changes in incidence and treatment results of RAAA 

during a 15-year period in Finland. (I) 
2. To evaluate the proportion of RAAA patients who die outside the 

hospital or are turned down for emergency repair. (II) 
3. To determine the number of AAA patients whose aneurysm ruptured 

under the screening age or the elective repair threshold diameter. (III) 
4. To evaluate the size of IIAA at the time of rupture and its implications 

on the threshold diameter for elective treatment. (IV) 
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METHODS 

All the sub-studies were approved by the Institutional Review Board of 
Helsinki University Hospital. Study I was approved by the Institute of Health 
and Welfare (THL) and the Office of the Data Protection Ombudsman. The use 
of cause-of-death data in studies I and II was approved by Statistics Finland. 

 

1 PATIENTS 

Patients for all the studies were collected and the data analysed 
retrospectively. Data was acquired from hospital records, the HUSVASC 
register and from the registers of THL and Statistics Finland as well as from 
the registers and records of Tampere University Hospital for study III and 
from hospitals in Sweden, Norway, Australia, New Zealand, Germany and 
Hungary for study IV. 

Table 6 Key patient characteristics for all four studies. 

 
I 
All major vascular surgery in Finland is performed in the 15 central and 5 
university hospitals. The catchment areas of these hospitals make up the 20 
hospital districts. The university hospitals function as central hospitals for 
their own districts but also act as referral centres for central hospitals. 
Referrals are usually addressed to predetermined university hospitals. Data 
covering the entire country for all patients treated for intact or ruptured AAA 
during 2000-2014 came from the Care Register for Health Care (HILMO) of 
THL. The selection of data was based on ICD-10 codes I71.3 (RAAA) and I71.4 
(intact AAA). The register includes all contacts to specialised health care and 

Study 
No of 

patients 
% women 

Mean 
age (SD) 

Area Years 

I RAAA 4949 21.4 75.8 (9.3) 
Finland 2000 2014 

Intact AAA 4956 12.8 71.5 (8.3) 
II RAAA 712 23.3 76.5 (9.6) HUH 2003 2013 
III RAAA 587 16.9 73.6 (9.5) HUH and TAUH 2002 2013 
IV RIIAA* 63 12.7 76.6 (9.0) VASCUNET 2002 2015 

*RIIAA  ruptured internal iliac artery aneurysm 
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entails data on the surgical procedures performed. The codes for the 
procedures were used to differentiate between EVAR and open surgery. 
Mortality data came from the Finnish cause-of-death register at Statistics 
Finland. These data were combined using the personal identity numbers 
specific to each permanent resident of Finland. In total, 4949 RAAA patients 
and 5068 patients who had undergone elective AAA repair were identified. 
Reoperations and foreign citizens were excluded from the analysis. 

 
II 
All RAAA patients treated in HUH during 2003-2013 were recovered from the 
HUSVASC register, and patients turned down for operative treatment were 
identified from the hospital records. Death certificate data was obtained from 
Statistics Finland for all patients with RAAA as their cause of death (ICD-10 
code I71.3). This data was linked with hospital records using personal identity 
numbers. The identified RAAA patients in the HUS area numbered 712. 
Reoperations and patients referred from outside HUS were excluded. 

 
III 
Patients treated for RAAA in HUH and TAUH were identified from the 
hospital records of the respective hospitals, and their comorbidities were also 
retrieved from vascular registers and hospital records. All patients who had 
undergone a CT examination where the rupture of the aneurysm was 
confirmed were identified from this cohort. The CT images were reviewed and 
the maximal AP diameter was measured. Patients admitted to HUH and 
TAUH during the study period numbered 587, and CT images were available 
for 327 patients. 

 
IV 
Data on ruptured IIAAs were requested from the international VASCUNET 
group with a standardised data collection form. Aneurysm location and size as 
well as concomitant aneurysms in other aortoiliac arteries were recorded, as 
were the patients’ age, sex, treatment method and survival. The maximal 
diameter of the aneurysm was measured from CT images, if available, or taken 
from the original radiologist’s report. Patient data was obtained from a total of 
28 hospitals in Hungary (15 patients), Australia (14 patients), Sweden (12 
patients), New Zealand (7 patients), Norway (6 patients), Finland (6 patients) 
and Germany (3 patients). The data from individual countries was combined. 
Sixty-three patients with a ruptured IIAA were identified from 2002 to 2015. 
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2 DATA ANALYSIS 

 I 
The age-adjusted RAAA incidence per 100 000 inhabitants was calculated for 
the entire Finland and for each hospital district separately. Time trends were 
analysed for incidence and mortality. 

Survival was analysed according to treatment method and sex. Data was 
adjusted for age according to the overall Finnish age distribution in 2014. Data 
was split geographically based on the patients’ home community, regardless of 
where the actual repair was performed, and analysed according to hospital 
district to see whether major geographical differences in EVAR activity (as 
opposed to open repair) or in population-based repair rate could be found. 
Time trends in mortality were also investigated and causes of death analysed 
for OAR and EVAR patients. The turn down rate was estimated based on 
patients who arrived at the hospital because of RAAA but did not undergo 
repair.  

 
II 
The place of death for RAAA patients was identified from the cause-of-death 
register. Patients were divided into those who died outside the hospital, those 
who arrived at the hospital but were turned down for repair, those who died 
within 30 days of repair, and those who survived at least 30 days after repair. 
These groups were compared. Surgical mortality, population-based age-
adjusted mortality and the incidence of RAAA were calculated. 
 
III 
The age of RAAA patients was analysed in relation to comorbidities and 
smoking status. The proportion of patients who were under the age used for 
screening programmes in Sweden and the United Kingdom (65 years) was 
calculated. These proportions were also calculated separately for smoking and 
non-smoking men and women to see whether smoking or sex had an effect on 
rupture age. Risk factors were analysed against the patient’s age in a univariate 
analysis and in a multivariate model with cut-off at 65 years to see which risk 
factors would predict early rupture at an earlier age or, conversely, be 
protective against it.  

For those patients with a CT scan where the diameter of the aneurysm at 
the time of rupture could be measured, a similar analysis was performed using 
the AP diameter. This was evaluated for associations with comorbidities, sex 
and smoking status. A multivariate model was constructed with a 55-mm 
maximum AP diameter as cut-off.                

 
IV 
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The mean diameter of the ruptured IIAAs was calculated, and concomitant 
aneurysms were noted. The proportion of IIAAs that ruptured under the 
diameter of 3 or 4 cm was compared with the proportion of AAA ruptures at 
under 5.5 cm in study III. This was done to get a rough estimate of the rupture 
risk of small IIAA compared to small AAA. Surgical mortality at 30 days was 
calculated for EVAR and OAR. Patient survival after ruptured IIAA repair was 
analysed.  
 

3 STATISTICAL METHODS 

For all the studies, SPSS versions 22-24 (IBM, Armonk, NY, USA) were used 
for statistical analysis. Student’s t-test was applied for comparisons of 
continuous variables, e.g. aneurysm diameter and patient age. Comparisons 
between proportions were performed using the χ2 test. Survival was analysed 
with the Kaplan-Meier method (IV) or Cox regression (I). Comparison 
between groups in Kaplan-Meier analysis was performed with log rank 
(Mantel-Cox) test. Binary logistic regression was used for multivariate analysis 
of the risk factors of AAA rupture at under 55 mm or 65 years (III). Only factors 
with p<0.2 in Student’s t-test or χ2 test were included in the multivariate 
analysis. Linear regression was used for analysing time trends in RAAA 
incidence and mortality (II). In all studies, p-values under 0.05 were 
considered statistically significant.        

  
 



 Results 

83 
 

RESULTS 

1 RAAA INCIDENCE IN FINLAND (I) 

The incidence of RAAA has decreased from 2000 to 2014. If divided into three 
5-year periods (2000-2004, 2005-2009 and 2010-2014), there is a decline 
in the number of patients between the second and the third period: 1656 
patients in the first period, 1743 in the second and 1550 in the third. During 
the same time, however, the population of Finland has increased and grown 
older. This means that the population at risk has become considerably larger: 
there were 777 198 inhabitants over 65 years of age in 2000 but 1 091 388 in 
2014. Therefore, the incidence per 100 000 inhabitants has seen a more 
dramatic change: 9.5 (95% confidence interval 9.1-9.9) during the first period, 
8.8 (8.5-9.2) during the second, and 6.8 (6.5-7.1) during the third. The trends 
were similar for both men and women, but the overall the incidence in women 
was much lower than in men - 2.4 (2.3-2.6) and 14.5 (14.2-14.9), respectively 
- for the whole study period.  

Table 7 Incidence of and mortality from RAAA, and the elective AAA repair rate in Finland 
per 100 000 inhabitants for both sexes together and separately with 95% 
confidence intervals. 

 
A significant fall in mortality per 100 000 inhabitants can also be observed 

between the third and the preceding two periods, but not between the first two 
periods: 6.4 (6.1-6.7) during the first period, 6.1 (5.9-6.3) during the second, 
and 4.7 (4.5-5.0) during the third (Table 7). Once again, the trends are similar 
for both sexes. Operative mortality for RAAA decreased significantly: 30-day 

  2000 2004 2005 2009 2010 2014 2000 2014 

RAAA 

Incidence 
All 9.5 (9.1 9.9) 8.8 (8.5 9.2) 6.8 (6.5 7.1) 8.4 (8.2 8.6) 

Men 16.5 (15.8 17.2) 15.3 (14.6 16.0) 11.9 (11.3 12.5) 14.5 (14.2 14.9) 

Women 2.8 (2.5 3.0) 2.6 (2.3 2.9) 1.9 (1.7 2.1) 2.4 (2.3 2.6) 

RAAA 

Mortality 
All 6.4 (6.1 6.7) 6.1 (5.9 6.3) 4.7 (4.5 5.0) 5.7 (5.6 5.9) 

Men 13.1 (12.5 13.7) 12.0 (11.7 12.4) 9.4 (8.9 9.9) 11.5 (11.1 11.8) 

Women 2.5 (2.3 2.8) 2.3 (2.2 2.5) 1.7 (1.4 1.9) 2.2 (2.0 2.3) 

AAA 

Repair rate 
All 6.7 (6.4 7.1) 7.4 (7.0 7.7) 7.0 (6.6 7.3) 7.0 (6.8 7.2) 

Men 14.1 (13.5 14.8) 15.0 (14.4 15.7) 14.1 (13.4 14.7) 14.4 (14.0 14.8) 

Women 1.3 (1.2 1.5) 1.7 (1.5 1.9) 1.5 (1.3 1.7) 1.5 (1.4 1.7) 
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mortality was 43.8% (39.7-47.9) during the first period and 36.3% (32.2-
40.4) during the last (p=0.012). REVAR was rarely used, but its use still 
increased from 0.8% to 8.6% from first period to the last. There were clear 
regional variations in RAAA incidence between the 20 Finnish hospital 
districts (Figure 3). 

The absolute number of elective procedures increased: 1447 during the first 
period, 1739 during the second and 1882 during the third. Because of the 
increase in population, the repair rate per 100 000 inhabitants did not show a 
significant rising trend: 6.8 (6.5-7.1) during the first period, 7.5 (7.2-7.8) 
during the second and 7.2 (6.9-7.6) during the last. EVAR procedures 
increased from 18.6% (16.6-20.6) to 50.2% (47.9-52.4) between the first and 
third period. During the last period, it also seemed that women were 
significantly more often treated with EVAR than men: 57.3% (55.1-59.6) and 
49.1% (46.9-51.4), respectively. Large variations could be seen between 
hospital districts in how active they were in referring patients for EVAR, with 
some referring a clear majority and some almost none even during the last 
period.    

 

Figure 3 Annual RAAA incidence per 100 000 inhabitants in the 20 Finnish hospital districts 
during 2000-2014. The incidence is shown according to the patient’s local hospital 
district, regardless of where the actual operation was performed. 



 Results 

85 
 

2 PREHOSPITAL RAAA MORTALITY (I,II) 

Of the 712 patients who suffered a RAAA in the HUS area during 2003-2013, 
76.7% were men. Three hundred and thirty patients with RAAA arrived at 
HUH, 81.2% of whom were men. Thus, 382 patients, 53.7% of all RAAA 
patients, died before reaching a hospital where the ruptured aneurysm could 
be treated. This is similar to the corresponding percentage of 52.5% in study I 
for the entire Finland. The patients who died outside the hospital were more 
likely to be women and older than those who arrived at HUH. Only 37.3% of 
the women who suffered a RAAA arrived at the hospital as opposed to the 
49.1% of the men (p=0.008). Given that female patients in general were 
significantly older (mean age 82.6 years, SD 7.4 compared to 74.7 years, SD 
9.4), the difference is, however, not statistically significant in study II after age 
adjustment (p=0.070). In study I, however, comprising all Finnish patients, it 
remained statistically significant even after age adjustment. The mean age of 
the patients arriving at HUH was 74.3 years compared to the 78.4 years for 
those who died prehospital (p<0.001) (Table 8). The most common location 
for death outside HUH was another health care facility (46.6%) or the home 
(42.4%).  

Table 8 RAAA patients from studies I and II. The number of patients, and percentage out of 
all RAAA patients (4949 in study I and 712 in study II) in parentheses, who died 
outside the hospital, were turned down for repair, died within 30 days of repair, or 
survived at least 30 days after repair. The numbers for both sexes are shown 
separately with the proportion out of all female or male patients (1058 women and 
3891 men in study I, 166 women and 546 men in study II) in parentheses. Mean 
age in years and standard deviation is also shown. Numbers are not standardised 
for age. 

 Study Died 
prehospital 

Turned 
down 

Operated 
on 

Died 
after 

operation 

Survived 
>30 days 

N 
(% of RAAA) 

I 
2599 

(52.5%) 
663 

(13.4%) 
1687 

(34.1%) 
652 

(13.2%) 
1035 

(20.9%) 

II 
382 

(53.7%) 
34 

(4.8%) 
296 

(41.6%) 
97 

(13.6%) 
199 

(27.9%) 

Women (%) 
I 

653 
(61.7%) 

194 
(18.3%) 

211 
(19.9%) 

105 
(9.9%) 

106 
(10.0%) 

II 
104 

(62.7%) 
16 

(9.6%) 
46 

(27.7%) 
18 

(10.8%) 
28 

(16.9%) 

Men (%) 
I 

1946 
(50.0%) 

469 
(12.1%) 

1476 
(37.9%) 

547 
(14.1%) 

929 
(23.9%) 

II 
278 

(50.9%) 
18 

(3.2%) 
250 

(45.8%) 
79 

(14.5%) 
171 

(31.3%) 

Mean age 
(SD) 

I 
77.0 
(9.1) 

79.5 
(9.0) 

72.6 
(8.9) 

75.6 
(7.9) 

70.6 
(8.9) 

II 
78.4 
(9.2) 

84.4 
(6.8) 

73.2 
(9.2) 

76.9 
(8.3) 

71.3 
(9.1) 
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3 TURN-DOWN RATE FOR RAAA (I,II) 

 

Figure 4 Age distribution of all RAAA patients according to whether they were alive or dead 
30 days after rupture. The sexes are shown separately. Data from Study I. 

The turn-down rate for surgical treatment at HUH was low, 10.3% during 
2003-2013. One year, all the patients who arrived were operated on (turn-
down rate 0%) and in another 27% were denied repair. This still compares 
favourably to the turn-down rate of 35% for the entire Finland seen in study I. 
The patients turned down for repair were considerably older than those 
operated on (84.4 years [SD 6.9] compared to 73.2 years [SD 9.2], p<0.001). 
Women were more likely to be turned down for repair, but this is mainly 
explained by advanced age, and the difference is not statistically significant 
after age adjustment. The patients not operated on died mostly on the same 
day they arrived at HUH: the median day of death was 0 (IQR 0-1 days). 

In study II the average age of the patients who survived at least 30 days 
after surgery was 71.3 years (SD 9.1). The overall, in-hospital and operative 
mortality was highly dependent on age: 50% of those under 70 years survived 
after RAAA as opposed to only 20% of those over 70 years, while the operative 
mortality was 17% for the younger patients and 42% for the older patients. 
Overall, only 28% of all patients who suffered RAAA were alive after 30 days. 
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Results of study I were similar: patients who died of RAAA were older than 
those who survived, female patients, in general, being older than men (Figure 
4). However, if a RAAA patient survived the 90-day postoperative period, his 
survival was similar to that of a patient undergoing surgery for an intact AAA 
(Figure 5).      

 

Figure 5 Kaplan-Meier survival estimates of patients undergoing intact AAA repair and repair 
for RAAA. a.) Overall 10-year survival. b.) 10-year survival if the patient survived the 
first 90 days after repair. Data from study I.  

4 AAA RUPTURE AT UNDER SCREENING 
AGE (III) 

The mean age of RAAA patients at HUH and TAUH during 2002-2013 was 
73.6 years (SD 9.5). Out of all patients, 18.3% were under 65 years of age. Only 
3.0% of women, who were on average 8 years older than male patients, were 
under this age, as opposed to the 21.4% of men (Figure 6). In logistic 
regression analysis, the odds ratio (OR) for rupture at under 65 years was 15.4 
(95% CI 2.1-115.1) when comparing men to women. Smoking also carried a 
higher risk for early rupture, with an OR of 2.1 (1.2-3.7). Only 13.0% of those 
who had never smoked or had quit over 5 years previously were under 65 years 
of age, whereas 28.4% those who currently smoked or had quit less than 5 
years previously were under 65 years of age. In the cohort of male smokers, 
the proportion of early ruptures was the highest, with 31.7% of patients being 
under 65 years, compared to the 15.8% among male non-smokers. In the 
logistic regression model, in addition to male sex and smoking, IHD was also 

intact AAA 

RAAA 
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associated with early rupture: patients with diagnosed IHD were less likely to 
have an early rupture (OR 0.37, 95% CI 0.19-0.71). This would seem 
counterintuitive but may be because these patients were more likely to be on 
adequate medication for cardiovascular secondary prevention and maybe also 
more likely to have had their AAA diagnosed and repaired before the rupture.   

 

Figure 6 The age-distribution of RAAA patients according to sex, and men according to 
smoking status. The percentages denote the proportion of patients aged under 65 
years. Data from study III. 

5 AAA RUPTURE AT UNDER THE 
OPERATIVE THRESHOLD DIAMETER (III) 

The mean AP diameter for RAAA patients at HUH and TAUH during 2002-
2013 was 75.6 mm (SD 15.8). Only female sex was significantly associated with 
rupture at a smaller diameter, with an OR of 3.2 (95% CI 1.4-7.5) for rupture 
under the diameter of 5.5 cm compared to men. The mean diameter was 70.5 
mm (15.5) in women and 76.8 (15.7) in men (p=0.005). The size of the 
aneurysm did not differ between smokers and non-smokers - 74.2 mm (14.6) 
and 76.6 (17.1), respectively, p=0.250. When compared to the operative limits 
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suggested by the ESVS guidelines, 11.5% (95% CI 3.5-19.9) of women were 
under the 52-mm threshold and 5.6% (2.9-8.4) of men under the 55-mm 
threshold. The difference between the proportions was not statistically 
significant, p=0.099. The number of women, however, was low, and the 
confidence intervals are thus wide. Overall, 94.4% of all ruptured aneurysms 
were over the operative limits suggested in the guidelines.  
 

6 RUPTURE OF IIAA (IV)   

The mean age and sex distribution of ruptured IIAA patients were quite similar 
to those of RAAA patients - 87% were men and the mean age was 76.6 years 
(SD 9.0). With only 8 female patients, no significant age difference between 
the sexes could be seen: 76.2 years (SD 8.9) for men compared to 79.8 years 
(SD 9.0) for women, p=0.296. Most of the patients (70%) had at least one 
concomitant aneurysms in the common iliac artery or the abdominal aorta. In 
44% of the cases, the IIAA was bilateral.  Rupture was as common for the right 
as for the left IIAA (Figure 7). 

   

 

Figure 7 a.) Anatomical distribution of IIAA. b.) Prevalence of concomitant aortoiliac 
aneurysms in patients with a ruptured IIAA. 

The mean diameter of the ruptured IIAAs was 68.4 mm (SD 20.5), with no 
clear difference between the sexes - 69.2 mm (SD 20.9) for men and 62.3 mm 
(16.8) for women, p=0.406. Only 1 patient (2 % of all patients) had a rupture 
of an IIAA of less than 30 mm in diameter, while 4 patients (6%) had a rupture 
at under 40 mm. If this is compared to the data on AAA ruptures from study 
III, the risk of rupture at under 40 mm is roughly equal to that of AAA rupture 

a. b. 
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at under 55 mm. In study III, 8% of the ruptures occurred in patients with an 
aneurysm measuring under 55 mm in diameter. 

All the IIAA patients in this cohort were treated surgically, the majority 
(73%) with open repair and the rest with endovascular repair. Mortality at 30-
days was 12.7%, with no difference between the open and endovascular groups, 
even though the endovascularly treated were older, with a mean age of 80.9 
years (SD 5.5) compared to the 75.1 years (SD 9.0) among the patients in the 
open repair group, p=0.021. The Kaplan-Meier survival estimate was 74.5% 
(SE 5.7%) at 1 year and 50.6% (SE 7.8%) at 5 years. The median follow-up was 
18.3 months (IQR 2.0-48.3). 
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DISCUSSION 

1 RAAA INCIDENCE 

The results on incidence of RAAA from this study seem to fit in with other 
contemporary data. AAA prevalence has been shown to be on the decline, 
which is likely true for Finland as well. No contemporary data on AAA 
prevalence in Finland exists. The RAAA incidence has been studied before, and 
our results show that the incidence has started to decline, as has been seen in 
many studies from various countries. Part of the falling incidence may be 
explained by the increase in elective repair. The age-adjusted repair rate on 
population level has not increased, but the absolute number of operations has. 
This is due to the increase in the elderly population most at risk of AAA. The 
repair rate has remained the same, even though emergency repair rates have 
fallen, which means that more of the total number of aneurysms are repaired 
as planned procedures and not as emergencies. The increase in elective repair 
may be explained by an increased use of EVAR, which has enabled treating 
patients previously considered to fall outside the treatment due to 
comorbidities. The age of patients whose aneurysms were repaired rose only 
slightly during the 15 years, median age rose from 71 to 73 years, indicating 
that the subgroup of elder and frail patient, that underwent repair, was 
unlikely to be considerably larger in the later years of the study than at the 
beginning. A more likely explanation for the growing number of elective 
repairs is an increase in detection of asymptomatic AAA, most likely because 
of the more liberal use of imaging in health care overall.   

The benefit of treating AAA patients unfit for OAR with EVAR has not been 
demonstrated, and long-term survival does not seem to be better, because a 
large portion of the mortality comes from exactly those comorbidities which 
prevent OAR rather than the aneurysm itself (EVAR Trial Participants 2005a). 
The fact that the rise in the age of patients undergoing repair was quite small 
suggests that sufficient control is exercised and patients who will likely not 
benefit from EVAR are not operated on.  

The results of elective repair have also improved, and mortality from both 
OAR and EVAR has a falling trend, even though the 30-day mortality for either 
method has not decreased in a statistically significant manner. However, the 
overall 30-day mortality for elective repair fell significantly from 6.2% (5.0-
7.4) to 2.8% (2.1-3.6), because the majority of the repairs during the last part 
of the study were done with EVAR rather than OAR. Also, OAR results for 
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women do show a significant change if we look at the 90-day mortality instead 
of 30-day mortality: it has fallen from 11.5% (95% CI 6.3-16.8) in 2000-2004 
to 3.6% (0.0-7.2), p=0.03. Improvements in the mortality rate of elective AAA 
repair have been observed internationally even though the patients 
undergoing repair are older. This fall in mortality rate is mostly due to 
increased used of EVAR. There are, however, some worrying signs that 
mortality from open repair might be on the rise (Budtz-Lilly et al. 2017). No 
increase in mortality after open repair could be seen in study I, however. The 
mortality for both treatment methods showed a falling trend from 2000-2004 
to 2010-2014. 

The previously reported RAAA incidence figures from Finland are shown 
in Table 9. In the HUS area, the incidence in 1996-2004 was reported as 5.4 
per 100 000 inhabitants, which is somewhat lower than the Finnish average 
(Laukontaus et al. 2007). This seems to correlate well with the results of the 
present study and with what is known about the changes in the prevalence of 
AAA seen elsewhere in the world. The incidence showed an increase up until 
2000-2004, after which point it started to decrease.  

The incidence in the HUS area seems to be lower than that of Finland in 
general, 4.3 per 100 000 in study II 2003-2013. The age-adjusted incidence in 
study I for the entire Finland from 2000 to 1014 was 8.4 (95% CI 8.2-8.6) per 
100 000, while in 2010-2014 it was 6.8 (6.5-7.1) per 100 000. The incidence 
variations in RAAA that were seen in study I across Finland are compatible 
with the known increase in cardiovascular morbidity from southern and 
western Finland towards the northern and eastern parts of the country 
(Saarela and Finnäs 2010). Some of the variations between different studies 
might also be due to age adjustment; e.g. study I was standardised according 
to the age distribution in the entire Finland in 2014 to make different regions 
and time periods comparable. However, the incidences in study II or in the 
previously published studies are not standardised for age.  

Table 9 RAAA incidence per 100 000 inhabitants in Finland according to previous studies 
and studies I and II. Study I is divided in three 5-year periods. Incidences are not 
adjusted.    

Study Area Population Years Incidence 
Rantakokko et al. 1983 Turku 140 000 1959 1979 4.8 
Kantonen et al. 1999a Finland 5 100 000 1991 1994 6.1 
Heikkinen et al. 2002 Pirkanmaa 430 000 1990 1997 6.3 
Laukontaus et al. 2007 Helsinki and Uusimaa 1 340 000 1996 2004 5.4 
Vänni et al. 2016 Pirkanmaa and North Karelia 689 000 2001 2011 6.5 
Study I (unadjusted) Finland 5 200 000 2000 2004 6.4 
  5 290 000 2005 2009 6.6 
  5 410 000 2010 2014 5.7 
Study II Helsinki and Uusimaa 1 510 000 2003 2013 4.3 
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There is some variation in the corresponding figures reported from other 
countries. In Oxfordshire, United Kingdom, the 2002-2014 incidence of acute 
AAA was 9 per 100 000 inhabitants and the mortality 5 per 100 000 (Howard 
et al. 2015b). In Sweden, the RAAA incidence before the adoption of a national 
screening programme was 11 per 100 000 inhabitants in Malmö in 2000-
2004 (Acosta et al. 2006). There was a significant increase compared to the 
period from 1971 to 1986, when the incidence was 5.6 per 100 000 (Bengtsson 
and Bergqvist 1993). Since the screening began, emergency repairs in Sweden 
have been reported to have decreased by half (Wanhainen et al. 2016). The 
incidence in the catchment area of Stavanger University Hospital in Norway 
was 11 per 100 000 inhabitants over 30 years and the mortality 7.5 per 
100 000 (Reite et al. 2015). In a review of population-based RAAA incidence, 
it ranged from 2.86 to 14.13 per 100 000 inhabitants (Reimerink et al. 2013b). 
The included studies were from 1977 to 2012. The incidence was the lowest in 
1972-1977 in north Hertfordshire, England (Armour 1977) and the highest in 
1981-1986 (Thomas and Stewart 1988) in Waltham Forest, England.  

 
 

Figure 8 Changes in the prevalence of tobacco smoking in men aged over 15 years for 
Australia, Finland, Sweden, Japan, the United Kingdom and the United States. Data 
from International Mortality And Smoking Statistics, IMASS version 4.13, June 2, 
2016. http://pnlee.co.uk/IMASS. 

The apparent fall in AAA prevalence, which is mirrored in the decrease in 
RAAA incidence, is likely primarily due to the decrease in smoking prevalence 
that is seen in many Western countries as shown in Figure 8 (Sidloff et al. 
2014). In 1979, 27% of the Finnish population aged over 15 years were daily 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

94 
 

smokers, but in 2014 only 16%. In men, the change is even more pronounced, 
from 36% to 17% (Varis and Virtanen 2015). 

2 MORTALITY AND TURNDOWN 

Mortality from emergency repair after RAAA also shows a decreasing trend 
which is statistically significant: the 30-day mortality was 43.8% (39.7-47.9) 
in 2000-2004 and 36.3% (32.2-40.4) in 2010-2014 (p=0.012). The clear 
decrease in population-based RAAA mortality, however, cannot be caused by 
these relatively small advances in the results of repair. This is something that 
is not specific to Finland but is seen also in England and Wales, for example 
(Anjum et al. 2012). 

The age-adjusted mortality from rupture in England and Wales was 
reported to have fallen from 40.4 to 25.7 per 100 000 inhabitants aged over 
50 years from 1997 to 2009. This is still higher than the mortality in HUS 
during 2003-2013 in the population aged over 65 years in study II, which was 
20.9 (13.2-28.7). Emergency hospital admissions in all age groups for RAAA 
also decreased from 18.6 to 13.5 per 100 000 English and Welsh inhabitants 
(Anjum et al. 2012). 

The 30-day mortality after RAAA was 40.1% in England and 29.3% in 
Sweden in 2003-2012, and the 90-day mortality was 44.0% and 33.4%, 
respectively (Karthikesalingam et al. 2016a). The corresponding numbers in 
Finland were 32.8% and 35.5%, respectively, in HUS for 2003-2013 (study II) 
and 36.3% and 40.3%, respectively, in all of Finland in 2010-2014 (study I). 
The five-year Kaplan-Meier survival estimate after RAAA was 46.3% in 
Sweden and 38.6% in England. The corresponding unadjusted survival rate 
from study I is 42.1%.  

     The turn-down rate in Finland is generally very low and is significantly 
lower in HUH (10%) than the mean turn-down rate for the entire country 
(28%). Internationally, turn-down rates of well over 50% have been commonly 
reported (Reimerink et al. 2013b). In our studies, the reasons for declining 
surgical treatment for RAAA patients were not investigated. The likeliest 
reasons are that the patient was deemed moribund and would have died with 
or without surgery, and the patient’s own wishes. It has been argued , however, 
that in the modern era no patients with RAAA should be turned down, as they 
will certainly die without treatment (De Rango et al. 2016). Advanced age does 
not seem to mean that repair is futile, either. In study II, even though mortality 
was the higher the older the patient was, there were still over 90-year-old 
patients who survived the repair, even though the mortality was very high. 

The prehospital mortality of RAAA is difficult to ascertain, as the cause of 
death, in many cases, is impossible to verify if no post-mortem is carried out. 
The number of autopsies has decreased in many countries in recent decades. 
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Finland has traditionally had a high percentage of post-mortem examinations, 
but this has decreased as well. The autopsy rate (including medicolegal and 
medical autopsies) was over 30% during most of the 2000s, but has fallen after 
2009. It was still over 20% in 2015 (Data from Statistics Finland). Compared 
to the autopsy rate of the study by Reite et al. in Stavanger, Norway, where the 
autopsy rate was less than 1%, the rate in Finland is still high. 

AAA deaths, in general, are very likely to be listed as cardiac deaths in 
patients with an unknown AAA that ruptures and the patient dies suddenly. 
This is because IHD is very common among patients with AAA. On the other 
hand, patients with a known AAA who die suddenly may be listed as having 
died from the AAA, even though the cause of death may actually have been a 
cardiac death. This latter group is, however, likely to be quite small. 

3 IMPLICATIONS FOR AAA SCREENING 

A surprisingly large percentage of smoking men who suffered a RAAA were 
under 65 years of age (III). The proportion of smoking men aged 20-64 years 
in the HUS area in 2013 was 18.1% (Data from Institute of Health and Welfare, 
2016). A man’s 65th year is when he is invited to screening in the United 
Kingdom and Sweden; in the United States, screening is suggested for men 
aged 65-75 years who have ever smoked. In the United Kingdom and Sweden, 
there is no prerequisite of smoking history to be eligible for screening.  

If there had been a screening programme in effect in the HUS area during 
2002 2013 and every 65-year-old man would have attended, and all ruptures 
in the attended population could have been prevented, 79.6% of ruptures in 
male population would have been prevented. The true number would have 
been much smaller and likely close to the 50% reduction in emergency 
procedures seen in Sweden (Wanhainen et al. 2016). This is because the 
attendance is never 100%, and the risk of AAA mortality is often higher in the 
population that does not attend screening (Norman et al. 2004; Lindholt et al. 
2005). Also, the mortality from elective repair is not 0%, even though it is very 
low in England and Sweden - 0.8% and 0.9%, respectively (Jacomelli et al. 
2016; Wanhainen et al. 2016), which is lower than what is found in elective 
repair outside screening and lower than the mortality in Finland. The number 
of elective repairs also increases with screening – in Sweden it has doubled 
(Wanhainen et al. 2016) – which means that more patients are subject to 
operative risks, not just mortality but morbidity as well.  

To reach the patients who suffer rupture at under 65 years of age would 
require screening at an earlier age. This, however, would not be as cost-
effective, as the incidence in younger age groups is low. The strategy of 
screening at 60 years and rescreening 5 years later has also been found to be 
cost-effective. It resulted in a larger number of life years gained than a single 
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scan at 65 years in a CEA using a Markov model (Wanhainen et al. 2005). 
Screening smokers at an earlier age would be one choice, although earlier 
screening would increase the need of rescreening patients at a later time. This 
is something that has already been suggested with the screening age of 65 
years because of ruptures that are seen starting from 8 to 10 years after the 
initial screening (Thompson et al. 2012). A second round of screening would 
increase costs, even if it just included those who had a subaneurysmal aorta in 
the first screening. Rescreening these aortas 5 years after the initial screening 
has been estimated to have only a small effect on costs, and programmes 
should still be well within the limits that are considered cost-effective 
(Wanhainen et al. 2005). 

Limiting the screening at 65-years to smoking men and screening all 75-
year-old men and potentially women as well has been suggested (Howard et 
al. 2015b). The logic behind this is that, in the Oxfordshire population, it was 
noted that two thirds of ruptures occurred when the patient was over 75 years 
of age. However, this does not seem to apply to the population of the HUS 
district. In study III, over half of the rupture patients were aged under 75 years, 
even in the group of non-smoking men (Figure 9). 

 

Figure 9 Distribution of RAAA patients according to age. The first and third tertiles are 
marked in yellow and the second in red. A third of the ruptures occurred in patients 
aged under 70 years and a third in patients over 78 years. Data from study III. 

A screening programme for AAA has been advocated in Finland. The 
consensus from the United Kingdom and Sweden would suggest that the 
programmes are cost-effective, even if not as cost-effective as the RCTs had led 
us to expect, due to the falling prevalence. Mortality from RAAA has been 



 Discussion 

97 
 

shown to be on the decrease, and the results of elective treatment have 
improved. One alternative to screening all men would be a more targeted 
programme focusing on risk groups. Screening PAD and IHD patients has 
been suggested because of the high prevalence of AAA in these populations 
(Barba et al. 2005; Giugliano et al. 2012; Vänni et al. 2015). The problem with 
this approach is that the patients in these groups are often those with a short 
life expectancy unrelated to AAA, and high surgical risks because of significant 
comorbidities. There have also been attempts to devise a scoring system, that 
could be used for focused screening, to identify patients with a high risk of AAA 
(Kent et al. 2010).  

Screening programmes are not without their critics. It has been questioned 
whether the ethical issues and the psychological harm caused by screening 
have been adequately evaluated (Johansson et al. 2015). The result of turning 
previously asymptomatic and subjectively healthy people into patients with a 
potentially lethal disease can cause emotional distress and a reduction in the 
quality of life.  

The MASS trial did investigate the effect of screening on patients’ mental 
well-being through several questionnaires. The detection of an aneurysm had 
a short-term effect on some of the scores used, but the effect disappeared after 
12 months (Ashton et al. 2002). The validity of these general, non-disease-
specific questionnaires is, however, uncertain.  

Although clearly preventing AAA-related deaths, screening also results in 
deaths - albeit very few. The mortality from elective procedures is still 
significant, even with EVAR, and some of the patients who die because of 
elective surgery might not have otherwise died due to the AAA. The estimated 
risk of death from elective repair of a screening-detected aneurysm is 
approximately 1 per 10 000 invited men, and elective mortality for screening-
detected AAA is lower than of incidentally detected AAA (Svensjö et al. 2014a). 
However, the risk of actually causing more deaths than preventing exists, 
especially if patients are operated on with unclear indications. 

Operating on asymptomatic patients with aneurysms smaller than 55 mm 
in diameter is alarmingly common in some countries and might tip the balance 
towards harm (Beck et al. 2016; Lederle 2016b). From an ethical point of view, 
it is imperative that patients are well and truly informed of the risks and 
benefits of screening (Brownsword and Earnshaw 2010). In practice, it is 
difficult to say, however, what amount of information is enough for the patient 
to give his informed consent. In the case of choosing whether to attend 
screening, the relevant information is mainly given through a letter mailed to 
the patient. The more information this letter includes, the less likely it is to be 
read and understood. Patients’ understanding of their disease has been 
scarcely studied, but in a recent American study that used a new AAA-specific 
questionnaire, it was demonstrated that their understanding was poor, 
regardless of whether they were under AAA surveillance or their AAA had been 
repaired (Suckow et al. 2016).   



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

98 
 

Another problem encountered with screening programmes is that a person 
can be under surveillance for several years only to be turned down for 
operative treatment because of high operative risks when the threshold 
diameter is finally reached (Lim et al. 2015). This can understandably be a 
frustrating and traumatic experience for the patient and, were this common, 
also considered a waste of resources. 

4 AAA IN WOMEN 

Study III demonstrated that the number of aneurysm ruptures at under 55 mm 
was low. Women were more likely to suffer a rupture at a smaller diameter. 
This finding fits with the previously observed 4-times higher rupture risk in 
women compared to men for all aneurysm sizes (RESCAN Collaborators et al. 
2013). This implies that a lower repair threshold for women is warranted. The 
guidelines of the ESVS suggest repair at 52 mm for women, and the American 
SVS guidelines suggest that repair after 50 mm should be considered (Chaikof 
et al. 2009; Moll et al. 2011). The reported worse prognosis for women after 
elective repair (Desai et al. 2016), however, might counter the benefit of earlier 
surgery. The results from study I show no difference in age-adjusted 30- or 90-
day mortality between the sexes after elective treatment. No difference in long-
term mortality was seen, either. However, women were less likely to reach the 
hospital alive, as 57.4% (95% CI 54.4-60.4) died outside the hospital as 
opposed to the 51.3% (49.7-52.9) of men, even after adjusting for age. 
Palliative treatment after RAAA was also more likely for women who reached 
the hospital - 37.9% (33.2-42.6) compared to 26.2% (24.3-28.2) in men. In 
study II, similar trends were seen in the HUS area, but they were not 
statistically significant after age adjustment. 

The operative mortality after RAAA in study I was also higher for women, 
48.1% (41.3-54.8) compared to the 39.0% (36.5-41.5) for men after 30 days, 
and 52.0% (45.3-58.8) compared to 42.0% (39.5-44.5) after 90 days. The 
long-term mortality after repair, however, was not significantly different 
between the sexes. If, indeed, the results of elective repair are similar for 
women but results after rupture are significantly worse than for men, it would 
seem beneficial to treat women at a smaller diameter than men. Women are 
known to more often be outside the IFU for EVAR and more likely to be offered 
conservative treatment for a non-ruptured AAA, and they also have a higher 
complication rate than men (Lo and Schermerhorn 2016). Women with AAA 
are also likely to have more significant comorbidities than men (Skibba et al. 
2015). This might be why women only constitute 12.8% of all elective AAA 
patients but 21.4% of all RAAA patients in study I. The proportion of women 
out of RAAA patients that undergo surgery is 12.5%, which is explained by 
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their overrepresentation in deaths outside the hospital and among patients 
turned down for repair. 

5 RUPTURED IIAA 

Study IV showed that IIAAs are generally large at the time of rupture, with a 
mean diameter of 65 mm. The repair threshold of 30 mm is commonly quoted 
in the literature. It is based on a study that included only seven ruptures, none 
of which were of an aneurysm of the internal iliac artery (McCready et al. 
1983). Aggressive treatment has been advocated, as largely historical data has 
shown high mortality (Wilhelm et al. 2014). However, more recent reports 
suggest that the mortality may not be as high as previous reports suggest. For 
CIAAs, surveillance until a diameter of 35-40 mm has been suggested (Santilli 
et al. 2000). Data from study IV shows that this higher limit would likely be 
safe for IIAAs as well. Comparison with data from study III suggests that the 
number of patients whose aneurysm would rupture before this threshold is 
roughly equal for AAAs of under 55 mm and IIAAs of under 40 mm. We also 
showed that the results of ruptured IIAA repair are at least as good as those of 
RAAA repair. The short-term mortality was slightly lower, but long-term 
results were similar. This is likely to result from the lower life-expectancy due 
to cardiovascular comorbidities seen in patients with aortoiliac aneurysms. 

Using the 30-mm threshold would obviously prevent more ruptures, 
although likely not many. Mortality from elective IIAA repair, which these 
days is mostly performed with EVAR, likely has similar mortality to AAA 
repair. However, the morbidity is possibly higher. A large portion of the 
morbidity related to AAA repair comes from occluding the internal iliac 
arteries. This is something that invariably has to be done when repairing an 
IIAA, subjecting the patient to a not insignificant risk of ischaemic 
complications (Jean-Baptiste et al. 2014; Chitragari et al. 2015). The most 
catastrophic of these are ischaemia of the spinal cord, which can result in 
temporary or permanent paralysis, and ischaemia of the colon, which is 
associated with high mortality (Ultee et al. 2016b). More common 
complications are buttock claudication and impotence, both of which can have 
a significant impact on patients’ quality of life. 
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6 LIMITATIONS OF THE STUDY 

The study is limited by its retrospective and register-based nature. Registers 
have missing data and erroneously entered data, which may affect results. The 
main register used in study I, the HILMO, is not a vascular register but is used 
primarily for administrative purposes, and thus not all information is readily 
available and assumptions have to be made in interpreting the data. The sheer 
volume of data and number of patients is so large that small errors are unlikely 
to affect this kind of analysis of mostly national-level data and trends. A 
limitation of the HILMO registry that may affect data from some hospitals 
during the early period of study I is that procedures performed using the 
radiology departments’ coding system may not have been registered in 
HILMO. This may result in the omission of some early EVAR procedures. The 
problems of using cause-of-death data have been discussed previously in this 
chapter.  

Data in the HUSVASC register is entered prospectively by vascular 
surgeons performing the operations, which means the information it contains 
is more reliable and pertinent for vascular surgery research. The data on 
comorbidities is, however, often missing and, in the case of study III, the data 
missing from the register was searched from patient records. Information on 
smoking was quite often not noted at all in patient records. Also, quantifying 
smoking, e.g. by using pack-years, could have been more informative, as 
smoking is known to have a dose-response to AAA risk (Tang et al. 2016). 
However, this was not possible with the data available.  

Study IV included data that was retrospectively collected from 28 hospitals 
in 7 countries. Harmonising data from so many sources is problematic, as 
different centres might measure and report aneurysm diameters, for example, 
differently. Steps were taken to achieve uniform data by re-measuring 
aneurysms from original CT images, but this was not possible in all cases and 
measurements had to be taken from radiologist’s reports.  
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CONCLUSIONS 

 
1. RAAA incidence has fallen during the studied 15-year period and at the 

same time treatment results have also improved (I).  
2. The proportion of patients who died outside the hospital is large, over 50%. 

This is more than in many previous publications. The proportion seems to 
be similar in the HUS district (II) as in Finland in general (I), with no 
observable change during the past 15 years (I). The turn-down rate in HUS 
is low, only 10%, which is lower than in Finland in general. This does not, 
however, seem to result in higher operative mortality, as has been reported 
elsewhere (II).  

3. Aneurysm rupture under the age of 65 is rare in women, but not very 
uncommon in men, especially among current smokers or those who have 
quit during the past 5 years. In this population, nearly a third of all ruptures 
occurred before the patient’s 65th year. The diameter of the aneurysm at 
the time of rupture did not seem to be affected by smoking, but women 
were at a higher risk of rupture at under 55 mm in diameter than men. 

4. IIAAs were, on average, almost 70 mm in diameter at the time of rupture. 
The most commonly referenced threshold for operative treatment is 30 
mm. Only 1 ruptured aneurysm in the series was under this size. As 
mortality was similar or better than after RAAA, raising the threshold to 
40 mm should be safe and associated with an acceptable rupture risk 
comparable to that of AAA.   
 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

102 
 



 Acknowledgements 

103 
 

ACKNOWLEDGEMENTS 

This study was carried out at the Department of Vascular Surgery at Helsinki 
University Hospital from 2013 to 2017. Financial support from the grant of the 
Special Governmental Subsidy for the Health Sciences Research in Finland 
(EVO) enabled full-time work on this project for three months. Grants from 
the Finnish Vascular Surgical Society and University of Helsinki made it 
possible to attend international conferences where the findings of this study 
could be shared with the scientific community. 

I am grateful for the support and assistance of everyone who has supported 
me during this project, but especially: 

 
My brilliant and tireless supervisor, Maarit. 
My thesis committee members, Pekka and Ilkka, vascular surgeons and 

aortic experts par excellence. 
Jari and Tuija for their invaluable suggestions on how to improve the 

manuscript. 
Sani, Karoliina and Eeva-Maija for helping me out.  
Anders for his support and enthusiasm for this project 
Teemu and Juha for providing data from Tampere University Hospital. 
My esteemed international colleagues from the Vascunet collaboration: 

Martin Björck, Barry Beiles, Zoltán Szeberin, Ian Thomson, Martin 
Altreuther, Sebastian Debus, Kevin Mani and Gabor Menyhei. 

Anita and Leena, without them nothing would happen at the Department 
of Vascular Surgery. 

Vascular surgeons at the Helsinki University Hospital for their support and 
help in all things relating to vascular surgery, and life in general: Pirkka, 
Petteri, Sailaritta, Maria, Milla and Eva. 

My senior registrar colleagues Tiia, Kata, Hanni, Ivika, Patrick and 
Heli, as well as the junior ones, Riikka, Sari, Sanna, Mirjami and Juan. 

My fellow researchers Kristyna and Nicla. 
Mauri for his senior statesmanship and support. 
The incredible surgeons at South Karelia Central Hospital in Lappeenranta 

for teaching me what surgery is all about, and special thanks to Eija for 
introducing me to the wonderful world of vascular surgery. 

Eeva Parviainen for the English language revision. 
 
Thanks to my family and friends – and most of all to my mother. I miss 

you.   
 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

104 
 

  
 
 

 



 References 

105 
 

REFERENCES 

Acosta, S., Ogren, M., Bengtsson, H., Bergqvist, D., Lindblad, B. & Zdanowski, 
Z. Increasing incidence of ruptured abdominal aortic aneurysm: a 
population-based study. J Vasc Surg 2006; 44: 237-243. 

Aho, P. S., Pimenoff, G., Salenius, J. P., Leinonen, S., Ylönen, K., Manninen, 
H., Jaakkola, P., Perälä, J., Edgren, J., Keto, P., Roth, W. D., Salo, J., 
Sipponen, J., Aarnio, P., Jalonen, T. & Lepäntalo, M. Endovascular 
treatment of aortic aneurysms in Finland: the first four years' experience. 
Scand J Surg 2002; 91: 155-159. 

Alpsoy, E. Behcet's disease: A comprehensive review with a focus on 
epidemiology, etiology and clinical features, and management of 
mucocutaneous lesions. J Dermatol 2016; 43: 620-632. 

Anjum, A. & Powell, J. T. Is the incidence of abdominal aortic aneurysm 
declining in the 21st century? Mortality and hospital admissions for 
England & Wales and Scotland. Eur J Vasc Endovasc Surg 2012; 43: 161-
166. 

Anjum, A., von Allmen, R., Greenhalgh, R. & Powell, J. T. Explaining the 
decrease in mortality from abdominal aortic aneurysm rupture. Br J Surg 
2012; 99: 637-645. 

Armour, R. H. Survivors of ruptured abdominal aortic aneurysm: the iceberg's 
tip. Br Med J 1977; 2: 1055-1057. 

Ashton, H. A., Buxton, M. J., Day, N. E., Kim, L. G., Marteau, T. M., Scott, R. 
A., Thompson, S. G., Walker, N. M. & Multicentre Aneurysm Screening 
Study Group. The Multicentre Aneurysm Screening Study (MASS) into the 
effect of abdominal aortic aneurysm screening on mortality in men: a 
randomised controlled trial. Lancet 2002; 360: 1531-1539. 

Ashton, H. A., Gao, L., Kim, L. G., Druce, P. S., Thompson, S. G. & Scott, R. A. 
Fifteen-year follow-up of a randomized clinical trial of ultrasonographic 
screening for abdominal aortic aneurysms. Br J Surg 2007; 94: 696-701. 

Baderkhan, H., Goncalves, F. M., Oliveira, N. G., Verhagen, H. J., Wanhainen, 
A., Björck, M. & Mani, K. Challenging Anatomy Predicts Mortality and 
Complications After Endovascular Treatment of Ruptured Abdominal 
Aortic Aneurysm. J Endovasc Ther 2016; 23: 919-927. 

Bahia, S. S., Holt, P. J., Jackson, D., Patterson, B. O., Hinchliffe, R. J., 
Thompson, M. M. & Karthikesalingam, A. Systematic Review and Meta-
analysis of Long-term survival After Elective Infrarenal Abdominal Aortic 
Aneurysm Repair 1969-2011: 5 Year Survival Remains Poor Despite 
Advances in Medical Care and Treatment Strategies. Eur J Vasc Endovasc 
Surg 2015; 50: 320-330. 

Bahia, S. S., Vidal-Diez, A., Seshasai, S. R., Shpitser, I., Brownrigg, J. R., 
Patterson, B. O., Ray, K. K., Holt, P. J., Thompson, M. M. & 
Karthikesalingam, A. Cardiovascular risk prevention and all-cause 
mortality in primary care patients with an abdominal aortic aneurysm. Br 
J Surg 2016; 103: 1626-1633. 

Bahnson, H. T. Treatment of abdominal aortic aneurysm by excision and 
replacement by homograft. Circulation 1954; 9: 494-503. 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

106 
 

Ball, B. Z., Jiang, B., Mehndiratta, P., Stukenborg, G. J., Upchurch, G. R., Jr., 
Meschia, J. F., Worrall, B. B. & Southerland, A. M. Screening individuals 
with intracranial aneurysms for abdominal aortic aneurysms is cost-
effective based on estimated coprevalence. J Vasc Surg 2016; 64: 811-818. 

Barba, A., Estallo, L., Rodriguez, L., Baquer, M. & Vega de Ceniga, M. 
Detection of abdominal aortic aneurysm in patients with peripheral artery 
disease. Eur J Vasc Endovasc Surg 2005; 30: 504-508. 

Bath, M. F., Gokani, V. J., Sidloff, D. A., Jones, L. R., Choke, E., Sayers, R. D. 
& Bown, M. J. Systematic review of cardiovascular disease and 
cardiovascular death in patients with a small abdominal aortic aneurysm. 
Br J Surg 2015; 102: 866-872. 

Beales, L., Wolstenhulme, S., Evans, J. A., West, R. & Scott, D. J. 
Reproducibility of ultrasound measurement of the abdominal aorta. Br J 
Surg 2011; 98: 1517-1525. 

Beck, A. W., Sedrakyan, A., Mao, J., Venermo, M., Faizer, R., Debus, S., 
Behrendt, C. A., Scali, S., Altreuther, M., Schermerhorn, M., Beiles, B., 
Szeberin, Z., Eldrup, N., Danielsson, G., Thomson, I., Wigger, P., Björck, 
M., Cronenwett, J. L., Mani, K. & International Consortium of Vascular 
Registries. Variations in Abdominal Aortic Aneurysm Care: A Report From 
the International Consortium of Vascular Registries. Circulation 2016; 
134: 1948-1958. 

Becquemin, J. P., Pillet, J. C., Lescalie, F., Sapoval, M., Goueffic, Y., 
Lermusiaux, P., Steinmetz, E., Marzelle, J. & A.C.E. trialists. A randomized 
controlled trial of endovascular aneurysm repair versus open surgery for 
abdominal aortic aneurysms in low- to moderate-risk patients. J Vasc Surg 
2011; 53: 1167-1173. 

Bengtsson, H. & Bergqvist, D. Ruptured abdominal aortic aneurysm: a 
population-based study. J Vasc Surg 1993; 18: 74-80. 

Bergqvist, D. Historical aspects on aneurysmal disease. Scand J Surg 2008; 
97: 90-99. 

Bergqvist, D., Björck, M. & Wanhainen, A. Abdominal aortic aneurysm and 
new WHO criteria for screening. Int Angiol 2013; 32: 37-41. 

Bhak, R. H., Wininger, M., Johnson, G. R., Lederle, F. A., Messina, L. M., 
Ballard, D. J., Wilson, S. E. & Aneurysm Detection and Management Study 
Group. Factors associated with small abdominal aortic aneurysm 
expansion rate. JAMA Surg 2015; 150: 44-50. 

Bicknell, C. D., Kiru, G., Falaschetti, E., Powell, J. T., Poulter, N. R. & Aardvark 
Collaborators. An evaluation of the effect of an angiotensin-converting 
enzyme inhibitor on the growth rate of small abdominal aortic aneurysms: 
a randomized placebo-controlled trial (AARDVARK). Eur Heart J 2016; 
37: 3213-3221. 

Bigger, I. A. The Surgical Treatment of Aneurysm of the Abdominal Aorta: 
Review of the Literature and Report of Two Cases, One Apparently 
Successful. Ann Surg 1940; 112: 879-894. 

Blakemore, A. H. Progressive constrictive occlusion of the aorta with wiring 
and electrothermic coagulation for the treatment of arteriosclerotic 
aneurysms of the abdominal aorta. Ann Surg 1953; 137: 760-777. 

Blakemore, A. H. & Voorhees, A. B., Jr. The use of tubes constructed from 
vinyon N cloth in bridging arterial defects; experimental and clinical. Ann 
Surg 1954; 140: 324-334. 

Bown, M. J. & Powell, J. T. Part two: against the motion. Evidence does not 
support reducing the threshold diameter to 5 cm for elective interventions 



 References 

107 
 

in women with abdominal aortic aneurysms. Eur J Vasc Endovasc Surg 
2014; 48: 614-618. 

Brady, A. R., Fowkes, F. G., Thompson, S. G. & Powell, J. T. Aortic aneurysm 
diameter and risk of cardiovascular mortality. Arterioscler Thromb Vasc 
Biol 2001; 21: 1203-1207. 

Brown, L. C. & Powell, J. T. Risk factors for aneurysm rupture in patients kept 
under ultrasound surveillance. UK Small Aneurysm Trial Participants. Ann 
Surg 1999; 230: 289-296. 

Brown, L. C., Powell, J. T., Thompson, S. G., Epstein, D. M., Sculpher, M. J. & 
Greenhalgh, R. M. The UK EndoVascular Aneurysm Repair (EVAR) trials: 
randomised trials of EVAR versus standard therapy. Health Technol Assess 
2012; 16: 1-218. 

Brown, S. L., Busuttil, R. W., Baker, J. D., Machleder, H. I., Moore, W. S. & 
Barker, W. F. Bacteriologic and surgical determinants of survival in 
patients with mycotic aneurysms. J Vasc Surg 1984; 1: 541-547. 

Browne, T. F., Hartley, D., Purchas, S., Rosenberg, M., Van Schie, G. & 
Lawrence-Brown, M. A fenestrated covered suprarenal aortic stent. Eur J 
Vasc Endovasc Surg 1999; 18: 445-449. 

Brownsword, R. & Earnshaw, J. J. The ethics of screening for abdominal aortic 
aneurysm in men. J Med Ethics 2010; 36: 827-830. 

Brunkwall, J., Hauksson, H., Bengtsson, H., Bergqvist, D., Takolander, R. & 
Bergentz, S. E. Solitary aneurysms of the iliac arterial system: an estimate 
of their frequency of occurrence. J Vasc Surg 1989; 10: 381-384. 

Buck, D. B., Ultee, K. H., Zettervall, S. L., Soden, P. A., Darling, J., Wyers, M., 
van Herwaarden, J. A. & Schermerhorn, M. L. Transperitoneal versus 
retroperitoneal approach for open abdominal aortic aneurysm repair in the 
targeted vascular National Surgical Quality Improvement Program. J Vasc 
Surg 2016; 64: 585-591. 

Budtz-Lilly, J., Venermo, M., Debus, S., Behrendt, C. A., Altreuther, M., Beiles, 
B., Szeberin, Z., Eldrup, N., Danielsson, G., Thomson, I., Wigger, P., Björck, 
M., Loftus, I. & Mani, K. Assessment of International Outcomes of Intact 
Abdominal Aortic Aneurysm Repair over 9 Years. Eur J Vasc Endovasc 
Surg 2017. doi: 10.1016/j.ejvs.2017.03.003. 

Cambria, R. A., Gloviczki, P., Stanson, A. W., Cherry, K. J., Jr., Hallett, J. W., 
Jr., Bower, T. C. & Pairolero, P. C. Symptomatic, nonruptured abdominal 
aortic aneurysms: are emergent operations necessary? Ann Vasc Surg 
1994; 8: 121-126. 

Campbell, C. D., Brooks, D. H., Webster, M. W. & Bahnson, H. T. The use of 
expanded microporous polytetrafluoroethylene for limb salvage: a 
preliminary report. Surgery 1976; 79: 485-491. 

Campbell, H., Briggs, A., Buxton, M., Kim, L. & Thompson, S. The credibility 
of health economic models for health policy decision-making: the case of 
population screening for abdominal aortic aneurysm. J Health Serv Res 
Policy 2007; 12: 11-17. 

Cao, P., De Rango, P., Verzini, F., Parlani, G., Romano, L., Cieri, E. & 
CAESAR Trial Group. Comparison of surveillance versus aortic 
endografting for small aneurysm repair (CAESAR): results from a 
randomised trial. Eur J Vasc Endovasc Surg 2011; 41: 13-25. 

Chaikof, E. L., Blankensteijn, J. D., Harris, P. L., White, G. H., Zarins, C. K., 
Bernhard, V. M., Matsumura, J. S., May, J., Veith, F. J., Fillinger, M. F., 
Rutherford, R. B., Kent, K. C. & Ad Hoc Committee for Standardized 
Reporting Practices in Vascular Surgery of The Society for Vascular 
Surgery/American Association for Vascular Surgery. Reporting standards 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

108 
 

for endovascular aortic aneurysm repair. J Vasc Surg 2002; 35: 1048-
1060. 

Chaikof, E. L., Brewster, D. C., Dalman, R. L., Makaroun, M. S., Illig, K. A., 
Sicard, G. A., Timaran, C. H., Upchurch, G. R., Jr., Veith, F. J. & 
Society for Vascular Surgery. The care of patients with an abdominal aortic 
aneurysm: the Society for Vascular Surgery practice guidelines. J Vasc 
Surg 2009; 50: S2-49. 

Chatterjee, S., Flamm, S. D., Tan, C. D. & Rodriguez, E. R. Clinical diagnosis 
and management of large vessel vasculitis: giant cell arteritis. Curr Cardiol 
Rep 2014a; 16: 498. 

Chatterjee, S., Flamm, S. D., Tan, C. D. & Rodriguez, E. R. Clinical diagnosis 
and management of large vessel vasculitis: Takayasu arteritis. Curr Cardiol 
Rep 2014b; 16: 499. 

Cheng, S. W., Ting, A. C. & Tsang, S. H. Epidemiology and outcome of aortic 
aneurysms in Hong Kong. World J Surg 2003; 27: 241-245. 

Chitragari, G., Schlosser, F. J., Ochoa Chaar, C. I. & Sumpio, B. E. 
Consequences of hypogastric artery ligation, embolization, or coverage. J 
Vasc Surg 2015; 62: 1340-1347. 

Chun, K. C., Teng, K. Y., Van Spyk, E. N., Carson, J. G. & Lee, E. S. Outcomes 
of an abdominal aortic aneurysm screening program. J Vasc Surg 2013; 
57: 376-381. 

Cohen, J. R. & Graver, L. M. The ruptured abdominal aortic aneurysm of 
Albert Einstein. Surg Gynecol Obstet 1990; 170: 455-458. 

Collin, J., Araujo, L., Walton, J. & Lindsell, D. Oxford screening programme 
for abdominal aortic aneurysm in men aged 65 to 74 years. Lancet 1988; 
2: 613-615. 

Cooper, A. & Travers, B. Surgical essays, Philadephia: James Webster. 1821. 
Cooper, A. P. Lectures on the principles and practice of surgery, 2nd Edition, 

London: F.C. Westley. 1830. 
Coscas, R., Maumias, T., Capdevila, C., Javerliat, I., Goeau-Brissonniere, O. & 

Coggia, M. Mini-invasive treatment of abdominal aortic aneurysms: 
current roles of endovascular, laparoscopic, and open techniques. Ann 
Vasc Surg 2014; 28: 123-131. 

Coselli, J. S. & LeMaire, S. A. Current status of thoracoabdominal aortic 
aneurysm repair in Marfan syndrome. J Card Surg 1997; 12: 167-172. 

Crawford, J. D., Chivukula, V. K., Haller, S., Vatankhah, N., Bohannan, C. J., 
Moneta, G. L., Rugonyi, S. & Azarbal, A. F. Aortic outflow occlusion 
predicts rupture of abdominal aortic aneurysm. J Vasc Surg 2016a; 64: 
1623-1628. 

Crawford, J. D., Haller, S. J., Landry, G. J., Abraham, C., Moneta, G. L., 
Rugonyi, S. & Azarbal, A. F. Intraluminal Thrombus Is Associated With 
Aortic Wall Weakening in Small Ruptured Abdominal Aortic Aneurysms. J 
Vasc Surg 2016b; 64: 543-544. 

Creech, O., Jr. Endo-aneurysmorrhaphy and treatment of aortic aneurysm. 
Ann Surg 1966; 164: 935-946. 

Cronenwett, J. L. & Johnston, K. W. (eds.). Rutherford's Vascular Surgery, 
8th Edition: Saunders. 2014. 

D'Agostino, R. B., Sr., Vasan, R. S., Pencina, M. J., Wolf, P. A., Cobain, M., 
Massaro, J. M. & Kannel, W. B. General cardiovascular risk profile for use 
in primary care: the Framingham Heart Study. Circulation 2008; 117: 743-
753. 



 References 

109 
 

Davis, F. M., Rateri, D. L. & Daugherty, A. Mechanisms of aortic aneurysm 
formation: translating preclinical studies into clinical therapies. Heart 
2014; 100: 1498-1505. 

Davis, F. M., Rateri, D. L. & Daugherty, A. Abdominal aortic aneurysm: novel 
mechanisms and therapies. Curr Opin Cardiol 2015; 30: 566-573. 

Davis, M., Harris, M. & Earnshaw, J. J. Implementation of the National Health 
Service Abdominal Aortic Aneurysm Screening Program in England. J Vasc 
Surg 2013; 57: 1440-1445. 

De Bruin, J. L., Baas, A. F., Buth, J., Prinssen, M., Verhoeven, E. L., Cuypers, 
P. W., van Sambeek, M. R., Balm, R., Grobbee, D. E., Blankensteijn, J. D. & 
DREAM Study Group. Long-term outcome of open or endovascular repair 
of abdominal aortic aneurysm. N Engl J Med 2010; 362: 1881-1889. 

de Bruin, J. L., Vervloet, M. G., Buimer, M. G., Baas, A. F., Prinssen, M., 
Blankensteijn, J. D. & DREAM Study Group. Renal function 5 years after 
open and endovascular aortic aneurysm repair from a randomized trial. Br 
J Surg 2013; 100: 1465-1470. 

De Martino, R. R., Nolan, B. W., Goodney, P. P., Chang, C. K., Schanzer, A., 
Cambria, R., Bertges, D. J., Cronenwett, J. L. & Vascular Study Group of 
Northern New England. Outcomes of symptomatic abdominal aortic 
aneurysm repair. J Vasc Surg 2010; 52: 5-12. 

De Rango, P., Farchioni, L., Fiorucci, B. & Lenti, M. Diabetes and abdominal 
aortic aneurysms. Eur J Vasc Endovasc Surg 2014; 47: 243-261. 

De Rango, P., Simonte, G., Manzone, A., Cieri, E., Parlani, G., Farchioni, L., 
Lenti, M. & Verzini, F. Arbitrary Palliation of Ruptured Abdominal Aortic 
Aneurysms in the Elderly is no Longer Warranted. Eur J Vasc Endovasc 
Surg 2016; 51: 802-809. 

De Rango, P., Simonte, G., Manzone, A., Farchioni, L., Cieri, E., Verzini, F., 
Parlani, G., Isernia, G. & Lenti, M. Mortality Risk for Ruptured Abdominal 
Aortic Aneurysm in Women. Ann Vasc Surg 2017; 39: 143-151. 

DeBakey, M. E. & Cooley, D. A. Treatment of aneurysms of the aorta by 
resection and restoration of continuity with aortic homograft. Angiology 
1954; 5: 251-254. 

Deery, S. E., Soden, P. A., Zettervall, S. L., Shean, K. E., Bodewes, T. C., Pothof, 
A. B., Lo, R. C. & Schermerhorn, M. L. Sex differences in mortality and 
morbidity following repair of intact abdominal aortic aneurysms. J Vasc 
Surg 2017; 65: 1006-1013. 

Desai, M., Choke, E., Sayers, R. D., Nath, M. & Bown, M. J. Sex-related trends 
in mortality after elective abdominal aortic aneurysm surgery between 
2002 and 2013 at National Health Service hospitals in England: less benefit 
for women compared with men. Eur Heart J 2016; 37: 3452-3460. 

Desgranges, P., Kobeiter, H., Katsahian, S., Bouffi, M., Gouny, P., Favre, J. P., 
Alsac, J. M., Sobocinski, J., Julia, P., Alimi, Y., Steinmetz, E., Haulon, S., 
Alric, P., Canaud, L., Castier, Y., Jean-Baptiste, E., Hassen-Khodja, R., 
Lermusiaux, P., Feugier, P., Destrieux-Garnier, L., Charles-Nelson, A., 
Marzelle, J., Majewski, M., Bourmaud, A., Becquemin, J. P. & ECAR 
Investigators. Editor's Choice - ECAR (Endovasculaire ou Chirurgie dans 
les Anevrysmes aorto-iliaques Rompus): A French Randomized Controlled 
Trial of Endovascular Versus Open Surgical Repair of Ruptured Aorto-iliac 
Aneurysms. Eur J Vasc Endovasc Surg 2015; 50: 303-310. 

Dion, Y. M., Gracia, C. R. & Ben El Kadi, H. H. Totally laparoscopic abdominal 
aortic aneurysm repair. J Vasc Surg 2001; 33: 181-185. 

Dix, F. P., Titi, M. & Al-Khaffaf, H. The isolated internal iliac artery aneurysm-
-a review. Eur J Vasc Endovasc Surg 2005; 30: 119-129. 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

110 
 

Dixon, A. K., Lawrence, J. P. & Mitchell, J. R. Age-related changes in the 
abdominal aorta shown by computed tomography. Clin Radiol 1984; 35: 
33-37. 

Du Bois, D. & Du Bois, E. F. A formula to estimate the approximate surface 
area if height and weight be known. Nutrition 1989; 5: 303-311. 

Dua, A., Furlough, C. L., Ray, H., Sharma, S., Upchurch, G. R. & Desai, S. S. 
The effect of hospital factors on mortality rates after abdominal aortic 
aneurysm repair. J Vasc Surg 2014a; 60: 1446-1451. 

Dua, A., Kuy, S., Lee, C. J., Upchurch, G. R., Jr. & Desai, S. S. Epidemiology of 
aortic aneurysm repair in the United States from 2000 to 2010. J Vasc Surg 
2014b; 59: 1512-1517. 

Dubost, C. & Dubost, C. Resection of aneurysms of the aorta. Angiology 1954; 
5: 260-281. 

Dueck, A. D., Johnston, K. W., Alter, D., Laupacis, A. & Kucey, D. S. Predictors 
of repair and effect of gender on treatment of ruptured abdominal aortic 
aneurysm. J Vasc Surg 2004; 39: 784-787. 

Eagleton, M. J. Arterial complications of vascular Ehlers-Danlos syndrome. J 
Vasc Surg 2016; 64: 1869-1880. 

Ehlers, L., Overvad, K., Sørensen, J., Christensen, S., Bech, M. & Kjølby, M. 
Analysis of cost effectiveness of screening Danish men aged 65 for 
abdominal aortic aneurysm. BMJ 2009; 338: b2243. 

Elkin, D. C. Aneurysm of the Abdominal Aorta: Treatment by Ligation. Ann 
Surg 1940; 112: 895-908. 

Epstein, D., Sculpher, M. J., Powell, J. T., Thompson, S. G., Brown, L. C. & 
Greenhalgh, R. M. Long-term cost-effectiveness analysis of endovascular 
versus open repair for abdominal aortic aneurysm based on four 
randomized clinical trials. Br J Surg 2014; 101: 623-631. 

Estes, J. E., Jr. Abdominal aortic aneurysm; a study of one hundred and two 
cases. Circulation 1950; 2: 258-264. 

Evangelista, A., Czerny, M., Nienaber, C., Schepens, M., Rousseau, H., Cao, P., 
Moral, S. & Fattori, R. Interdisciplinary expert consensus on management 
of type B intramural haematoma and penetrating aortic ulcer. Eur J 
Cardiothorac Surg 2015; 47: 209-217. 

Evans, G. H., Stansby, G. & Hamilton, G. Suggested standards for reporting on 
arterial aneurysms. J Vasc Surg 1992; 15: 456. 

EVAR Trial Participants. Endovascular aneurysm repair and outcome in 
patients unfit for open repair of abdominal aortic aneurysm (EVAR trial 2): 
randomised controlled trial. Lancet 2005a; 365: 2187-2192. 

EVAR Trial Participants. Endovascular aneurysm repair versus open repair in 
patients with abdominal aortic aneurysm (EVAR trial 1): randomised 
controlled trial. Lancet 2005b; 365: 2179-2186. 

Filardo, G., Powell, J. T., Martinez, M. A. & Ballard, D. J. Surgery for small 
asymptomatic abdominal aortic aneurysms. Cochrane Database Syst Rev 
2015; CD001835. 

Filipovic, M., Goldacre, M. J., Roberts, S. E., Yeates, D., Duncan, M. E. & Cook-
Mozaffari, P. Trends in mortality and hospital admission rates for 
abdominal aortic aneurysm in England and Wales, 1979-1999. Br J Surg 
2005; 92: 968-975. 

Fleming, C., Whitlock, E. P., Beil, T. L. & Lederle, F. A. Screening for 
abdominal aortic aneurysm: a best-evidence systematic review for the U.S. 
Preventive Services Task Force. Ann Intern Med 2005; 142: 203-211. 



 References 

111 
 

Forsdahl, S. H., Singh, K., Solberg, S. & Jacobsen, B. K. Risk factors for 
abdominal aortic aneurysms: a 7-year prospective study: the Tromsø 
Study, 1994-2001. Circulation 2009; 119: 2202-2208. 

Fortner, G. & Johansen, K. Abdominal aortic aneurysms. West J Med 1984; 
140: 50-59. 

Freeman, N. E. & Leeds, F. H. Vein inlay graft in the treatment of aneurysms 
of and thrombosis of the abdominal aorta. Angiology 1951; 2: 579-587. 

Friedman, S. G. A History of Vascular Surgery, 2nd Edition: Futura. 2005. 
Ghalioungui, P. Magic and Medical Science in Ancient Egypt, London: 

Hodder and Stoughton Ltd. 1963. 
Gillum, R. F. Epidemiology of aortic aneurysm in the United States. J Clin 

Epidemiol 1995; 48: 1289-1298. 
Giugliano, G., Laurenzano, E., Rengo, C., De Rosa, G., Brevetti, L., Sannino, 

A., Perrino, C., Chiariotti, L., Schiattarella, G. G., Serino, F., Ferrone, M., 
Scudiero, F., Carbone, A., Sorropago, A., Amato, B., Trimarco, B. & 
Esposito, G. Abdominal aortic aneurysm in patients affected by 
intermittent claudication: prevalence and clinical predictors. BMC Surg 
2012; 12 Suppl 1: S17. 

Global Burden of Disease 2015 Mortality and Causes of Death Collaborators. 
Global, regional, and national disability-adjusted life-years (DALYs) for 
315 diseases and injuries and healthy life expectancy (HALE), 1990-2015: 
a systematic analysis for the Global Burden of Disease Study 2015. Lancet 
2016; 388: 1603-1658. 

Glover, M. J., Kim, L. G., Sweeting, M. J., Thompson, S. G. & Buxton, M. J. 
Cost-effectiveness of the National Health Service Abdominal Aortic 
Aneurysm Screening Programme in England. Br J Surg 2014; 101: 976-
982. 

Goldfinger, J. Z., Halperin, J. L., Marin, M. L., Stewart, A. S., Eagle, K. A. & 
Fuster, V. Thoracic aortic aneurysm and dissection. J Am Coll Cardiol 
2014; 64: 1725-1739. 

Golledge, J., Iyer, V., Jenkins, J., Bradshaw, B., Cronin, O. & Walker, P. J. 
Thrombus volume is similar in patients with ruptured and intact 
abdominal aortic aneurysms. J Vasc Surg 2014; 59: 315-320. 

Golledge, J., Norman, P. E., Murphy, M. P. & Dalman, R. L. Challenges and 
opportunities in limiting abdominal aortic aneurysm growth. J Vasc Surg 
2017; 65: 225-233. 

Grant, S. W., Hickey, G. L., Grayson, A. D., Mitchell, D. C. & McCollum, C. N. 
National risk prediction model for elective abdominal aortic aneurysm 
repair. Br J Surg 2013; 100: 645-653. 

Gray, C., Goodman, P., Cullen, P., Badger, S. A., O'Malley, K., O'Donohoe, M. 
K. & McDonnell, C. O. Screening for Peripheral Arterial Disease and 
Carotid Artery Disease in Patients With Abdominal Aortic Aneurysm. 
Angiology 2016; 67: 346-349. 

Grootenboer, N., Hunink, M. G., Hendriks, J. M., van Sambeek, M. R., Buth, 
J. & EUROSTAR collaborators. Sex differences in 30-day and 5-year 
outcomes after endovascular repair of abdominal aortic aneurysms in the 
EUROSTAR study. J Vasc Surg 2013; 58: 42-49. 

Grøndal, N., Søgaard, R. & Lindholt, J. S. Baseline prevalence of abdominal 
aortic aneurysm, peripheral arterial disease and hypertension in men aged 
65-74 years from a population screening study (VIVA trial). Br J Surg 
2015; 102: 902-906. 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

112 
 

Guirguis-Blake, J. M., Beil, T. L., Senger, C. A. & Whitlock, E. P. 
Ultrasonography screening for abdominal aortic aneurysms: a systematic 
evidence review for the U.S. Preventive Services Task Force. Ann Intern 
Med 2014a; 160: 321-329. 

Guirguis-Blake, J. M., Beil, T. L., Sun, X., Senger, C. A. & Whitlock, E. P. 
Primary Care Screening for Abdominal Aortic Aneurysm: A Systematic 
Evidence Review for the U.S. Preventive Services Task Force. Evidence 
sythesis no. 109, Rockville (MD): Agency for Healthcare Research and 
Quality. 2014b. 

Gunnarsson, K., Wanhainen, A., Djavani Gidlund, K., Björck, M. & Mani, K. 
Endovascular Versus Open Repair as Primary Strategy for Ruptured 
Abdominal Aortic Aneurysm: A National Population-based Study. Eur J 
Vasc Endovasc Surg 2016; 51: 22-28. 

Hager, J., Henriksson, M., Carlsson, P., Lanne, T. & Lundgren, F. Revisiting 
the cost-effectiveness of screening 65-year-old men for abdominal aortic 
aneurysm based on data from an implemented screening programme. Int 
Angiol 2016. in press. 

Hagerty, T., Geraghty, P. & Braverman, A. C. Abdominal Aortic Aneurysm in 
Marfan Syndrome. Ann Vasc Surg 2017; 40: 294.e1-294.e6. 

Hammond, E. C. & Horn, D. Smoking and death rates: report on forty-four 
months of follow-up of 187,783 men. 2. Death rates by cause. J Am Med 
Assoc 1958; 166: 1294-1308. 

Han, S. A., Joh, J. H. & Park, H. C. Risk Factors for Abdominal Aortic 
Aneurysm in the Korean Population. Ann Vasc Surg 2017; 41: 135-140. 

Haug, E. S., Skomsvoll, J. F., Jacobsen, G., Halvorsen, T. B., Saether, O. D. & 
Myhre, H. O. Inflammatory aortic aneurysm is associated with increased 
incidence of autoimmune disease. J Vasc Surg 2003; 38: 492-497. 

Heikkinen, M., Salenius, J. P. & Auvinen, O. Ruptured abdominal aortic 
aneurysm in a well-defined geographic area. J Vasc Surg 2002; 36: 291-
296. 

Heinola, I., Halmesmäki, K., Kantonen, I., Vikatmaa, P., Aho, P., Lepäntalo, 
M. & Venermo, M. Temporary Axillorenal Bypass in Complex Aorto-Renal 
Surgery. Ann Vasc Surg 2016a; 31: 239-245. 

Heinola, I., Kantonen, I., Jaroma, M., Albäck, A., Vikatmaa, P., Aho, P. & 
Venermo, M. Editor's Choice - Treatment of Aortic Prosthesis Infections by 
Graft Removal and In Situ Replacement with Autologous Femoral Veins 
and Fascial Strengthening. Eur J Vasc Endovasc Surg 2016b; 51: 232-239. 

Heng, M. S., Fagan, M. J., Collier, J. W., Desai, G., McCollum, P. T. & Chetter, 
I. C. Peak wall stress measurement in elective and acute abdominal aortic 
aneurysms. J Vasc Surg 2008; 47: 17-22. 

Henke, P. K. Popliteal artery aneurysms: tried, true, and new approaches to 
therapy. Semin Vasc Surg 2005; 18: 224-230. 

Hernesniemi, J. A., Vänni, V. & Hakala, T. The prevalence of abdominal aortic 
aneurysm is consistently high among patients with coronary artery disease. 
J Vasc Surg 2015; 62: 232-240. 

Holt, P. J., Karthikesalingam, A., Hofman, D., Poloniecki, J. D., Hinchliffe, R. 
J., Loftus, I. M. & Thompson, M. M. Provider volume and long-term 
outcome after elective abdominal aortic aneurysm repair. Br J Surg 2012; 
99: 666-672. 

Holt, P. J., Karthikesalingam, A., Poloniecki, J. D., Hinchliffe, R. J., Loftus, I. 
M. & Thompson, M. M. Propensity scored analysis of outcomes after 
ruptured abdominal aortic aneurysm. Br J Surg 2010; 97: 496-503. 



 References 

113 
 

Howard, A. Q., Bennett, P. C., Ahmad, I., Choksy, S. A., Mackenzie, S. I. & 
Backhouse, C. M. Introduction of laparoscopic abdominal aortic aneurysm 
repair. Br J Surg 2015a; 102: 368-374. 

Howard, D. P., Banerjee, A., Fairhead, J. F., Handa, A., Silver, L. E., Rothwell, 
P. M. & Oxford Vascular Study. Population-Based Study of Incidence of 
Acute Abdominal Aortic Aneurysms With Projected Impact of Screening 
Strategy. J Am Heart Assoc 2015b; 4: e001926. 

Huang, Y., Gloviczki, P., Duncan, A. A., Kalra, M., Hoskin, T. L., Oderich, G. 
S., McKusick, M. A. & Bower, T. C. Common iliac artery aneurysm: 
expansion rate and results of open surgical and endovascular repair. J Vasc 
Surg 2008; 47: 1203-1210. 

IMPROVE Trial Investigators. The effect of aortic morphology on peri-
operative mortality of ruptured abdominal aortic aneurysm. Eur Heart J 
2015a; 36: 1328-1334. 

IMPROVE Trial Investigators. Endovascular strategy or open repair for 
ruptured abdominal aortic aneurysm: one-year outcomes from the 
IMPROVE randomized trial. Eur Heart J 2015b; 36: 2061-2069. 

IMPROVE Trial Investigators, Powell, J. T., Sweeting, M. J., Thompson, M. 
M., Ashleigh, R., Bell, R., Gomes, M., Greenhalgh, R. M., Grieve, R., 
Heatley, F., Hinchliffe, R. J., Thompson, S. G. & Ulug, P. Endovascular or 
open repair strategy for ruptured abdominal aortic aneurysm: 30 day 
outcomes from IMPROVE randomised trial. BMJ (Clinical research ed.) 
2014; 348: f7661. 

Jacomelli, J., Summers, L., Stevenson, A., Lees, T. & Earnshaw, J. J. Impact of 
the first 5 years of a national abdominal aortic aneurysm screening 
programme. Br J Surg 2016; 103: 1125-1131. 

Jean-Baptiste, E., Brizzi, S., Bartoli, M. A., Sadaghianloo, N., Baque, J., 
Magnan, P. E. & Hassen-Khodja, R. Pelvic ischemia and quality of life 
scores after interventional occlusion of the hypogastric artery in patients 
undergoing endovascular aortic aneurysm repair. J Vasc Surg 2014; 60: 
40-49. 

Joergensen, T. M., Christensen, K., Lindholt, J. S., Larsen, L. A., Green, A. & 
Houlind, K. Editor's Choice - High Heritability of Liability to Abdominal 
Aortic Aneurysms: A Population Based Twin Study. Eur J Vasc Endovasc 
Surg 2016; 52: 41-46. 

Joergensen, T. M., Houlind, K., Green, A. & Lindholt, J. S. Abdominal aortic 
diameter is increased in males with a family history of abdominal aortic 
aneurysms: results from the Danish VIVA-trial. Eur J Vasc Endovasc Surg 
2014; 48: 669-675. 

Johansson, M., Hansson, A. & Brodersen, J. Estimating overdiagnosis in 
screening for abdominal aortic aneurysm: could a change in smoking 
habits and lowered aortic diameter tip the balance of screening towards 
harm? BMJ 2015; 350: h825. 

Johnston, K. W., Rutherford, R. B., Tilson, M. D., Shah, D. M., Hollier, L. & 
Stanley, J. C. Suggested standards for reporting on arterial aneurysms. 
Subcommittee on Reporting Standards for Arterial Aneurysms, Ad Hoc 
Committee on Reporting Standards, Society for Vascular Surgery and 
North American Chapter, International Society for Cardiovascular Surgery. 
J Vasc Surg 1991; 13: 452-458. 

Jones, G. T., Tromp, G., Kuivaniemi, H., Gretarsdottir, S., Baas, A. F., Giusti, 
B., Strauss, E., Van't Hof, F. N., Webb, T. R., Erdman, R., Ritchie, M. D., 
Elmore, J. R., Verma, A., Pendergrass, S., Kullo, I. J., Ye, Z., Peissig, P. L., 
Gottesman, O., Verma, S. S., Malinowski, J., Rasmussen-Torvik, L. J., 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

114 
 

Borthwick, K. M., Smelser, D. T., Crosslin, D. R., de Andrade, M., Ryer, E. 
J., McCarty, C. A., Böttinger, E. P., Pacheco, J. A., Crawford, D. C., Carrell, 
D. S., Gerhard, G. S., Franklin, D. P., Carey, D. J., Phillips, V. L., Williams, 
M. J., Wei, W., Blair, R., Hill, A. A., Vasudevan, T. M., Lewis, D. R., 
Thomson, I. A., Krysa, J., Hill, G. B., Roake, J., Merriman, T. R., Oszkinis, 
G., Galora, S., Saracini, C., Abbate, R., Pulli, R., Pratesi, C., Saratzis, A., 
Verissimo, A. R., Bumpstead, S., Badger, S. A., Clough, R. E., Cockerill, G., 
Hafez, H., Scott, D. J., Futers, T. S., Romaine, S. P., Bridge, K., Griffin, K. 
J., Bailey, M. A., Smith, A., Thompson, M. M., van Bockxmeer, F. M., 
Matthiasson, S. E., Thorleifsson, G., Thorsteinsdottir, U., Blankensteijn, J. 
D., Teijink, J. A., Wijmenga, C., de Graaf, J., Kiemeney, L. A., Lindholt, J. 
S., Hughes, A., Bradley, D. T., Stirrups, K., Golledge, J., Norman, P. E., 
Powell, J. T., Humphries, S. E., Hamby, S. E., Goodall, A. H., Nelson, C. P., 
Sakalihasan, N., Courtois, A., Ferrell, R. E., Eriksson, P., Folkersen, L., 
Franco-Cereceda, A., Eicher, J. D., Johnson, A. D., Betsholtz, C., 
Ruusalepp, A., Franzén, O., Schadt, E. E., Björkegren, J. L., Lipovich, L., 
Drolet, A. M., Verhoeven, E. L., Zeebregts, C. J., Geelkerken, R. H., van 
Sambeek, M. R., van Sterkenburg, S. M., de Vries, J. P., Stefansson, K., 
Thompson, J. R., de Bakker, P. I., Deloukas, P., Sayers, R. D., Harrison, S. 
C., van Rij, A. M., Samani, N. J. & Bown, M. J. Meta-Analysis of Genome-
Wide Association Studies for Abdominal Aortic Aneurysm Identifies Four 
New Disease-Specific Risk Loci. Circ Res 2017; 120: 341-353. 

Jongsma, H., Bekken, J. A., Bekkers, W. J., Zeebregts, C. J., van Herwaarden, 
J., Hoksbergen, A., Cuypers, P., de Vries, J. P., Verhagen, H. J. & Fioole, B. 
Endovascular Treatment of Common Iliac Artery Aneurysms With an Iliac 
Branch Device. J Endovasc Ther 2017; 24: 239-245. 

Kallappa Parameshwarappa, S., Mandjiny, N., Kavumkal Rajagopalan, B., 
Radhakrishnan, N., Samavedam, S. & Unnikrishnan, M. Intact giant 
abdominal aortic aneurysm due to Takayasu arteritis. Ann Vasc Surg 2013; 
27: 671.e11-671.e14. 

Kampmeier, R. H. Aneurysm of the Abdominal Aorta: a Study of 73 Cases. Am 
J Med Sci 1936; 192: 97-109. 

Kan, C. D., Lee, H. L. & Yang, Y. J. Outcome after endovascular stent graft 
treatment for mycotic aortic aneurysm: a systematic review. J Vasc Surg 
2007; 46: 906-912. 

Kantonen, I., Lepäntalo, M., Brommels, M., Luther, M., Salenius, J. P. & 
Ylönen, K. Mortality in ruptured abdominal aortic aneurysms. The 
Finnvasc Study Group. Eur J Vasc Endovasc Surg 1999a; 17: 208-212. 

Kantonen, I., Lepäntalo, M., Salenius, J. P., Mätzke, S., Luther, M. & Ylönen, 
K. Mortality in abdominal aortic aneurysm surgery--the effect of hospital 
volume, patient mix and surgeon's case load. Eur J Vasc Endovasc Surg 
1997; 14: 375-379. 

Kantonen, I., Luther, M., Salenius, J.-P., Huusari, H., Jaakkola, A., Lehtonen, 
J., Nikula, P., Rissanen, K., Savolainen, H., Ylönen, K. & Lepäntalo, M. 
Influence of transportation distance on mortality in ruptured abdominal 
aortic aneurysms. Int J Angiol 1999b; 8: 134-137. 

Kapma, M. R., Dijksman, L. M., Reimerink, J. J., de Groof, A. J., Zeebregts, C. 
J., Wisselink, W., Balm, R., Dijkgraaf, M. G. & Vahl, A. C. Cost-effectiveness 
and cost-utility of endovascular versus open repair of ruptured abdominal 
aortic aneurysm in the Amsterdam Acute Aneurysm Trial. Br J Surg 2014; 
101: 208-215. 

Karlsson, L., Gnarpe, J., Bergqvist, D., Lindbäck, J. & Pärsson, H. The effect of 
azithromycin and Chlamydophilia pneumonia infection on expansion of 



 References 

115 
 

small abdominal aortic aneurysms--a prospective randomized double-
blind trial. J Vasc Surg 2009; 50: 23-29. 

Karthikesalingam, A., Holt, P. J., Vidal-Diez, A., Ozdemir, B. A., Poloniecki, J. 
D., Hinchliffe, R. J. & Thompson, M. M. Mortality from ruptured 
abdominal aortic aneurysms: clinical lessons from a comparison of 
outcomes in England and the USA. Lancet 2014; 383: 963-969. 

Karthikesalingam, A., Wanhainen, A., Holt, P. J., Vidal-Diez, A., Brownrigg, J. 
R., Shpitser, I., Björck, M., Thompson, M. M. & Mani, K. Comparison of 
long-term mortality after ruptured abdominal aortic aneurysm in England 
and Sweden. Br J Surg 2016a; 103: 199-206. 

Karthikesalingam, A., Vidal-Diez, A., Holt, P. J., Loftus, I. M., Schermerhorn, 
M. L., Soden, P. A., Landon, B. E. & Thompson, M. M. Thresholds for 
Abdominal Aortic Aneurysm Repair in England and the United States. N 
Engl J Med 2016b; 375: 2051-2059. 

Kent, K. C., Zwolak, R. M., Egorova, N. N., Riles, T. S., Manganaro, A., 
Moskowitz, A. J., Gelijns, A. C. & Greco, G. Analysis of risk factors for 
abdominal aortic aneurysm in a cohort of more than 3 million individuals. 
J Vasc Surg 2010; 52: 539-548. 

Ketha, S. S., Warrington, K. J. & McPhail, I. R. Inflammatory abdominal aortic 
aneurysm: a case report and review of literature. Vasc Endovascular Surg 
2014; 48: 65-69. 

Kim, L. G., Thompson, S. G., Briggs, A. H., Buxton, M. J. & Campbell, H. E. 
How cost-effective is screening for abdominal aortic aneurysms? J Med 
Screen 2007; 14: 46-52. 

Kim, W., Gandhi, R. T., Pena, C. S., Herrera, R. E., Schernthaner, M. B., Acuna, 
J. M., Becerra, V. N. & Katzen, B. T. Influence of Statin Therapy on 
Aneurysm Sac Regression after Endovascular Aortic Repair. J Vasc Interv 
Radiol 2017; 28: 35-43. 

Kitagawa, A., Mastracci, T. M., von Allmen, R. & Powell, J. T. The role of 
diameter versus volume as the best prognostic measurement of abdominal 
aortic aneurysms. J Vasc Surg 2013; 58: 258-265. 

Kokje, V. B., Hamming, J. F. & Lindeman, J. H. Editor's Choice - 
Pharmaceutical Management of Small Abdominal Aortic Aneurysms: A 
Systematic Review of the Clinical Evidence. Eur J Vasc Endovasc Surg 
2015; 50: 702-713. 

Kontopodis, N., Tavlas, E., Papadopoulos, G., Galanakis, N., Tsetis, D. & 
Ioannou, C. V. Embolization or Simple Coverage to Exclude the Internal 
Iliac Artery During Endovascular Repair of Aortoiliac Aneurysms? 
Systematic Review and Meta-analysis of Comparative Studies. J Endovasc 
Ther 2017; 24: 47-56. 

Koole, D., Moll, F. L., Buth, J., Hobo, R., Zandvoort, H., Pasterkamp, G., van 
Herwaarden, J. A. & EUROSTAR collaborators. The influence of smoking 
on endovascular abdominal aortic aneurysm repair. J Vasc Surg 2012; 55: 
1581-1586. 

Korhonen, S. J., Kantonen, I., Pettilä, V., Keränen, J., Salo, J. A. & Lepäntalo, 
M. Long-term survival and health-related quality of life of patients with 
ruptured abdominal aortic aneurysm. Eur J Vasc Endovasc Surg 2003; 
25: 350-353. 

Kouvelos, G. N., Katsargyris, A., Antoniou, G. A., Oikonomou, K. & Verhoeven, 
E. L. Outcome after Interruption or Preservation of Internal Iliac Artery 
Flow During Endovascular Repair of Abdominal Aorto-iliac Aneurysms. 
Eur J Vasc Endovasc Surg 2016; 52: 621-634. 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

116 
 

Kozka, M. A., Bijak, P., Chwala, M., Mrowiecki, T., Kotynia, M., Kaczmarek, 
B., Szczeklik, M., Lall, K. S. & Szczeklik, W. The impact of weather factors, 
moon phases, and seasons on abdominal aortic aneurysm rupture. Ann 
Vasc Surg 2014; 28: 542-546. 

Krievins, D. K., Savlovskis, J., Holden, A. H., Kisis, K., Hill, A. A., Gedins, M., 
Ezite, N. & Zarins, C. K. Preservation of hypogastric flow and control of iliac 
aneurysm size in the treatment of aortoiliac aneurysms using the Nellix 
EndoVascular Aneurysm Sealing endograft. J Vasc Surg 2016; 64: 1262-
1269. 

Krupski, W. C., Selzman, C. H., Floridia, R., Strecker, P. K., Nehler, M. R. & 
Whitehill, T. A. Contemporary management of isolated iliac aneurysms. J 
Vasc Surg 1998; 28: 1-11. 

Kurvers, H., Veith, F. J., Lipsitz, E. C., Ohki, T., Gargiulo, N. J., Cayne, N. S., 
Suggs, W. D., Timaran, C. H., Kwon, G. Y., Rhee, S. J. & Santiago, C. 
Discontinuous, staccato growth of abdominal aortic aneurysms. J Am Coll 
Surg 2004; 199: 709-715. 

Ladich, E., Yahagi, K., Romero, M. E. & Virmani, R. Vascular diseases: aortitis, 
aortic aneurysms, and vascular calcification. Cardiovasc Pathol 2016; 25: 
432-441. 

Laukontaus, S. J., Aho, P. S., Pettilä, V., Albäck, A., Kantonen, I., Railo, M., 
Hynninen, M. & Lepäntalo, M. Decrease of mortality of ruptured 
abdominal aortic aneurysm after centralization and in-hospital quality 
improvement of vascular service. Ann Vasc Surg 2007; 21: 580-585. 

Lederle, F. A. Screening for AAA in the USA. Scand J Surg 2008; 97: 139-141. 
Lederle, F. A. The rise and fall of abdominal aortic aneurysm. Circulation 

2011; 124: 1097-1099. 
Lederle, F. A. Does Abdominal Aortic Aneurysm Screening Save Lives? JAMA 

Surg 2016a; 151: 697-698. 
Lederle, F. A. The Last (Randomized) Word on Screening for Abdominal 

Aortic Aneurysms. JAMA Intern Med 2016b; 176: 1767-1768. 
Lederle, F. A., Freischlag, J. A., Kyriakides, T. C., Matsumura, J. S., Padberg, 

F. T., Jr., Kohler, T. R., Kougias, P., Jean-Claude, J. M., Cikrit, D. F., 
Swanson, K. M. & OVER Veterans Affairs Cooperative Study Group. Long-
term comparison of endovascular and open repair of abdominal aortic 
aneurysm. N Engl J Med 2012; 367: 1988-1997. 

Lederle, F. A., Freischlag, J. A., Kyriakides, T. C., Padberg, F. T., Jr., 
Matsumura, J. S., Kohler, T. R., Lin, P. H., Jean-Claude, J. M., Cikrit, D. F., 
Swanson, K. M., Peduzzi, P. N. & Open Versus Endovascular Repair 
Veterans Affairs Cooperative Study Group. Outcomes following 
endovascular vs open repair of abdominal aortic aneurysm: a randomized 
trial. JAMA 2009; 302: 1535-1542.  

Lederle, F. A., Johnson, G. R., Wilson, S. E., Acher, C. W., Ballard, D. J., 
Littooy, F. N., Messina, L. M. & Aneurysm Detection and Management 
Veterans Affairs Cooperative Study. Quality of life, impotence, and activity 
level in a randomized trial of immediate repair versus surveillance of small 
abdominal aortic aneurysm. J Vasc Surg 2003a; 38: 745-752. 

Lederle, F. A., Johnson, G. R., Wilson, S. E., Chute, E. P., Hye, R. J., Makaroun, 
M. S., Barone, G. W., Bandyk, D., Moneta, G. L. & Makhoul, R. G. The 
aneurysm detection and management study screening program: validation 
cohort and final results. Aneurysm Detection and Management Veterans 
Affairs Cooperative Study Investigators. Arch Intern Med 2000; 160: 
1425-1430. 



 References 

117 
 

Lederle, F. A., Johnson, G. R., Wilson, S. E., Chute, E. P., Littooy, F. N., 
Bandyk, D., Krupski, W. C., Barone, G. W., Acher, C. W. & Ballard, D. J. 
Prevalence and associations of abdominal aortic aneurysm detected 
through screening. Aneurysm Detection and Management (ADAM) 
Veterans Affairs Cooperative Study Group. Annals of Internal Medicine 
1997; 126: 441-449. 

Lederle, F. A., Nelson, D. B. & Joseph, A. M. Smokers' relative risk for aortic 
aneurysm compared with other smoking-related diseases: a systematic 
review. J Vasc Surg 2003b; 38: 329-334. 

Lederle, F. A., Wilson, S. E., Johnson, G. R., Reinke, D. B., Littooy, F. N., Acher, 
C. W., Ballard, D. J., Messina, L. M., Gordon, I. L., Chute, E. P., Krupski, 
W. C., Busuttil, S. J., Barone, G. W., Sparks, S., Graham, L. M., Rapp, J. H., 
Makaroun, M. S., Moneta, G. L., Cambria, R. A., Makhoul, R. G., Eton, D., 
Ansel, H. J., Freischlag, J. A., Bandyk, D. & Aneurysm Detection and 
Management Veterans Affairs Cooperative Study Group. Immediate repair 
compared with surveillance of small abdominal aortic aneurysms. N Engl 
J Med 2002; 346: 1437-1444. 

Lee, E. S., Pickett, E., Hedayati, N., Dawson, D. L. & Pevec, W. C. 
Implementation of an aortic screening program in clinical practice: 
implications for the Screen For Abdominal Aortic Aneurysms Very 
Efficiently (SAAAVE) Act. J Vasc Surg 2009; 49: 1107-1111. 

Lee, J. J., Dimick, J. B., Williams, D. M., Henke, P. K., Deeb, G. M., Eagle, K. 
A., Stanley, J. C. & Upchurch, G. R., Jr. Existence of abdominal aortic 
aneurysms in patients with thoracic aortic dissections. J Vasc Surg 2003; 
38: 671-675. 

Leemans, E. L., Willems, T. P., van der Laan, M. J., Slump, C. H. & Zeebregts, 
C. J. Biomechanical Indices for Rupture Risk Estimation in Abdominal 
Aortic Aneurysms. J Endovasc Ther 2017; 24: 254-261. 

LeFevre, M. L. & U.S. Preventive Services Task Force. Screening for abdominal 
aortic aneurysm: U.S. Preventive Services Task Force recommendation 
statement. Ann Intern Med 2014; 161: 281-290. 

LeMaire, S. A., Carter, S. A., Volguina, I. V., Laux, A. T., Milewicz, D. M., 
Borsato, G. W., Cheung, C. K., Bozinovski, J., Markesino, J. M., Vaughn, W. 
K. & Coselli, J. S. Spectrum of aortic operations in 300 patients with 
confirmed or suspected Marfan syndrome. Ann Thorac Surg 2006; 81: 
2063-2078. 

Leurs, L. J., Buth, J. & Laheij, R. J. Long-term results of endovascular 
abdominal aortic aneurysm treatment with the first generation of 
commercially available stent grafts. Arch Surg 2007; 142: 33-41. 

Libby, P. & Hansson, G. K. Inflammation and immunity in diseases of the 
arterial tree: players and layers. Circ Res 2015; 116: 307-311. 

Lilienfeld, D. E., Gunderson, P. D., Sprafka, J. M. & Vargas, C. Epidemiology 
of aortic aneurysms: I. Mortality trends in the United States, 1951 to 1981. 
Arteriosclerosis 1987; 7: 637-643. 

Lilja, F., Mani, K. & Wanhainen, A. Trend-break in Abdominal Aortic 
Aneurysm Repair With Decreasing Surgical Workload. Eur J Vasc 
Endovasc Surg 2017. doi: 10.1016/j.ejvs.2017.02.031. 

Lim, J., Wolff, J., Rodd, C. D., Cooper, D. G. & Earnshaw, J. J. Outcome in 
Men with a Screen-detected Abdominal Aortic Aneurysm Who are not Fit 
for Intervention. Eur J Vasc Endovasc Surg 2015; 50: 732-736. 

Lindholt, J. S., Juul, S., Fasting, H. & Henneberg, E. W. Screening for 
abdominal aortic aneurysms: single centre randomised controlled trial. 
BMJ 2005; 330: 750. 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

118 
 

Lindholt, J. S. & Norman, P. E. Meta-analysis of postoperative mortality after 
elective repair of abdominal aortic aneurysms detected by screening. Br J 
Surg 2011; 98: 619-622. 

Lindholt, J. S., Sørensen, J., Søgaard, R. & Henneberg, E. W. Long-term 
benefit and cost-effectiveness analysis of screening for abdominal aortic 
aneurysms from a randomized controlled trial. Br J Surg 2010; 97: 826-
834. 

Lindholt, J. S., Vammen, S., Juul, S., Henneberg, E. W. & Fasting, H. The 
validity of ultrasonographic scanning as screening method for abdominal 
aortic aneurysm. Eur J Vasc Endovasc Surg 1999; 17: 472-475. 

Linné, A., Smidfelt, K., Langenskiöld, M., Hultgren, R., Nordanstig, J., 
Kragsterman, B. & Lindström, D. Low post-operative mortality after 
surgery on patients with screening-detected abdominal aortic aneurysms: 
a Swedvasc registry study. Eur J Vasc Endovasc Surg 2014; 48: 649-656. 

Lo, R. C., Bensley, R. P., Hamdan, A. D., Wyers, M., Adams, J. E., 
Schermerhorn, M. L. & Vascular Study Group of New England. Gender 
differences in abdominal aortic aneurysm presentation, repair, and 
mortality in the Vascular Study Group of New England. J Vasc Surg 2013; 
57: 1261-1268. 

Lo, R. C. & Schermerhorn, M. L. Abdominal aortic aneurysms in women. J 
Vasc Surg 2016; 63: 839-844. 

Lobato, A. C. & Camacho-Lobato, L. The sandwich technique to treat complex 
aortoiliac or isolated iliac aneurysms: results of midterm follow-up. J Vasc 
Surg 2013; 57: 26S-34S. 

Loeys, B. L., Dietz, H. C., Braverman, A. C., Callewaert, B. L., De Backer, J., 
Devereux, R. B., Hilhorst-Hofstee, Y., Jondeau, G., Faivre, L., Milewicz, D. 
M., Pyeritz, R. E., Sponseller, P. D., Wordsworth, P. & De Paepe, A. M. The 
revised Ghent nosology for the Marfan syndrome. J Med Genet 2010; 47: 
476-485. 

Long, A., Rouet, L., Lindholt, J. S. & Allaire, E. Measuring the maximum 
diameter of native abdominal aortic aneurysms: review and critical 
analysis. Eur J Vasc Endovasc Surg 2012; 43: 515-524. 

Lowry, S. F. & Kraft, R. O. Isolated aneurysms of the iliac artery. Arch Surg 
1978; 113: 1289-1293. 

Lyons, O. T., Baguneid, M., Barwick, T. D., Bell, R. E., Foster, N., Homer-
Vanniasinkam, S., Hopkins, S., Hussain, A., Katsanos, K., Modarai, B., 
Sandoe, J. A., Thomas, S. & Price, N. M. Diagnosis of Aortic Graft Infection: 
A Case Definition by the Management of Aortic Graft Infection 
Collaboration (MAGIC). Eur J Vasc Endovasc Surg 2016; 52: 758-763. 

Lyons, O. T., Patel, A. S., Saha, P., Clough, R. E., Price, N. & Taylor, P. R. A 14-
year experience with aortic endograft infection: management and results. 
Eur J Vasc Endovasc Surg 2013; 46: 306-313. 

Maclaren, A. XIV. Aneurism of the Internal Iliac: Probably Immediately 
Following a Severe Instrumental Delivery: Operation and Partial Cure. Ann 
Surg 1913; 58: 269-270. 

MacSweeney, S. T., Ellis, M., Worrell, P. C., Greenhalgh, R. M. & Powell, J. T. 
Smoking and growth rate of small abdominal aortic aneurysms. Lancet 
1994; 344: 651-652. 

Makrygiannis, G., Courtois, A., Drion, P., Defraigne, J. O., Kuivaniemi, H. & 
Sakalihasan, N. Sex differences in abdominal aortic aneurysm: the role of 
sex hormones. Ann Vasc Surg 2014; 28: 1946-1958. 

Marin, M. L., Veith, F. J., Cynamon, J., Sanchez, L. A., Lyon, R. T., Levine, B. 
A., Bakal, C. W., Suggs, W. D., Wengerter, K. R., Rivers, S. P., Parsons, R. 



 References 

119 
 

E., Yuan, J. G., Wain, R. A., Ohki, T., Rozenblit, A. & Parodi, J. C. Initial 
experience with transluminally placed endovascular grafts for the 
treatment of complex vascular lesions. Ann Surg 1995; 222: 449-465. 

Matas, R. An Operation for the Radical Cure of Aneurism based upon 
Arteriorrhaphy. Ann Surg 1903; 37: 161-196. 

Matas, R. Ligation of the Abdominal Aorta: Report of the Ultimate Result, One 
Year, Five Months and Nine Days After Ligation of the Abdominal Aorta 
for Aneurism at the Bifurcation. Ann Surg 1925; 81: 457-464. 

Matas, R. Aneurysm of the Abdominal Aorta at its Bifurcation into the 
Common Iliac Arteries: a Pictorial Supplement Illustrating the History of 
Corinne D., Previously Reported as the First Recorded Instance of Cure of 
an Aneurysm of the Abdominal Aorta by Ligation. Ann Surg 1940; 112: 
909-922. 

McCaul, K. A., Lawrence-Brown, M., Dickinson, J. A. & Norman, P. E. Long-
term Outcomes of the Western Australian Trial of Screening for Abdominal 
Aortic Aneurysms: Secondary Analysis of a Randomized Clinical Trial. 
JAMA Intern Med 2016; 176: 1761-1767. 

McCready, R. A., Pairolero, P. C., Gilmore, J. C., Kazmier, F. J., Cherry, K. J., 
Jr. & Hollier, L. H. Isolated iliac artery aneurysms. Surgery 1983; 93: 688-
693. 

Meijer, C. A., Stijnen, T., Wasser, M. N., Hamming, J. F., van Bockel, J. H., 
Lindeman, J. H. & Pharmaceutical Aneurysm Stabilisation Trial Study 
Group. Doxycycline for stabilization of abdominal aortic aneurysms: a 
randomized trial. Ann Intern Med 2013; 159: 815-823. 

Melton, L. J., 3rd, Bickerstaff, L. K., Hollier, L. H., Van Peenen, H. J., Lie, J. 
T., Pairolero, P. C., Cherry, K. J. & O'Fallon, W. M. Changing incidence of 
abdominal aortic aneurysms: a population-based study. Am J Epidemiol 
1984; 120: 379-386. 

Mestres, G., Zarka, Z. A., Garcia-Madrid, C. & Riambau, V. Early abdominal 
aortic endografts: a decade follow-up results. Eur J Vasc Endovasc Surg 
2010; 40: 722-728. 

Mialhe, C., Amicabile, C. & Becquemin, J. P. Endovascular treatment of 
infrarenal abdominal aneurysms by the Stentor system: preliminary results 
of 79 cases. Stentor Retrospective Study Group. J Vasc Surg 1997; 26: 199-
209. 

Mikhail, G. W. Coronary heart disease in women. BMJ 2005; 331: 467-468. 
Moll, F. L., Powell, J. T., Fraedrich, G., Verzini, F., Haulon, S., Waltham, M., 

van Herwaarden, J. A., Holt, P. J., van Keulen, J. W., Rantner, B., 
Schlosser, F. J., Setacci, F., Ricco, J. B. & European Society for Vascular 
Surgery. Management of abdominal aortic aneurysms clinical practice 
guidelines of the European society for vascular surgery. Eur J Vasc 
Endovasc Surg 2011; 41 Suppl 1: S1-S58. 

Morisaki, T. & Morisaki, H. Genetics of hereditary large vessel diseases. J Hum 
Genet 2016; 61: 21-26. 

Morris, S. A. Arterial tortuosity in genetic arteriopathies. Curr Opin Cardiol 
2015; 30: 587-593. 

Mott, V. Succesful ligation of the common iliac artery. Am J Med Sci 1827; 1: 
156-161. 

Mueller, R. L. & Sanborn, T. A. The history of interventional cardiology: 
cardiac catheterization, angioplasty, and related interventions. Am Heart 
J 1995; 129: 146-172. 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

120 
 

Muller, B. T., Wegener, O. R., Grabitz, K., Pillny, M., Thomas, L. & Sandmann, 
W. Mycotic aneurysms of the thoracic and abdominal aorta and iliac 
arteries: experience with anatomic and extra-anatomic repair in 33 cases. 
J Vasc Surg 2001; 33: 106-113. 

Mureebe, L., Egorova, N., McKinsey, J. F. & Kent, K. C. Gender trends in the 
repair of ruptured abdominal aortic aneurysms and outcomes. J Vasc Surg 
2010; 51: 9S-13S. 

Myers, A. B. R. Aortic aneurism. Probable cause of its great prevalence in the 
army compared with the navy and male population, and consequent 
remedy. Lancet 1869; 93: 250-251. 

Mylonas, S. N., Rumenapf, G., Schelzig, H., Heckenkamp, J., Youssef, M., 
Schafer, J. P., Ahmad, W., Brunkwall, J. S. & E. liac Collaborative Group. A 
multicenter 12-month experience with a new iliac side-branched device for 
revascularization of hypogastric arteries. J Vasc Surg 2016; 64: 1652-1659 
e1651. 

Mäklin, S., Laukontaus, S., Salenius, J. P., Romsi, P., Roth, W. D., Laitinen, R., 
Isojärvi, J. & Leipälä, J. Screening for abdominal aortic aneurysms in 
Finland. Report 30/2011, National Institute for Health and Welfare (THL). 
Helsinki, 2011. 

Neumann, P. J., Sanders, G. D., Russell, L. B., Siegel, J. E. & Ganiats, T. G. 
(eds.). Cost-effectiveness in health and medicine, 2nd Edition: Oxford 
University Press. 2017. 

NICE. Guide to the methods of technology appraisal 2013, Published: 4 April 
2013: National Institute for Health and Care Exellence. 2013. 
http://nice.org.uk/process/pmg9 

Norman, P. E., Jamrozik, K., Lawrence-Brown, M. M., Le, M. T., Spencer, C. 
A., Tuohy, R. J., Parsons, R. W. & Dickinson, J. A. Population based 
randomised controlled trial on impact of screening on mortality from 
abdominal aortic aneurysm. BMJ 2004; 329: 1259. 

Norman, P. E., Spilsbury, K. & Semmens, J. B. Falling rates of hospitalization 
and mortality from abdominal aortic aneurysms in Australia. J Vasc Surg 
2011; 53: 274-277. 

Noronen, K., Laukontaus, S., Kantonen, I., Aho, P., Albäck, A. & Venermo, M. 
Quality assessment of elective abdominal aortic aneurysm repair from 
referral to surgery. Vasa 2015; 44: 115-121. 

Noronen, K., Laukontaus, S., Kantonen, I., Lepäntalo, M. & Venermo, M. The 
natural course of abdominal aortic aneurysms that meet the treatment 
criteria but not the operative requirements. Eur J Vasc Endovasc Surg 
2013; 45: 326-331. 

Oderich, G. S., Panneton, J. M., Bower, T. C., Cherry, K. J., Jr., Rowland, C. 
M., Noel, A. A., Hallett, J. W., Jr. & Gloviczki, P. Infected aortic aneurysms: 
aggressive presentation, complicated early outcome, but durable results. J 
Vasc Surg 2001; 34: 900-908. 

Oliveira-Pinto, J., Oliveira, N., Bastos-Goncalves, F., Hoeks, S., MJ, V. A. N. 
R., Ten Raa, S., Mansilha, A. & Verhagen, H. J. Long term results of outside 
"instructions for use" EVAR. J Cardiovasc Surg (Torino) 2017; 52: 252-
260. 

Osler, W. The Gulstonian Lectures, on Malignant Endocarditis. Br Med J 
1885; 1: 577-579. 

Osler, W. Aneurysm of the abdominal aorta. Lancet 1905; 166: 1089-1096. 
Osler, W. The Schorstein Lecture ON SYPHILIS AND ANEURYSM: Delivered 

at the London Hospital, October, 1909. Br Med J 1909; 2: 1509-1514. 



 References 

121 
 

Osler, W. Arterio-venous aneurysm. Lancet 1915; 185: 949-955. 
Osler, W. & McCrae, T. The principles and practice of medicine, New York and 

London: D. Appleton and Company. 1921. 
Ouriel, K., Clair, D. G., Kent, K. C., Zarins, C. K. & Positive Impact of 

Endovascular Options for treating Aneurysms Early Investigators. 
Endovascular repair compared with surveillance for patients with small 
abdominal aortic aneurysms. J Vasc Surg 2010; 51: 1081-1087. 

Park, J. H., Chung, J. W., Choo, I. W., Kim, S. J., Lee, J. Y. & Han, M. C. 
Fenestrated stent-grafts for preserving visceral arterial branches in the 
treatment of abdominal aortic aneurysms: preliminary experience. J Vasc 
Interv Radiol 1996; 7: 819-823. 

Parkinson, F., Ferguson, S., Lewis, P., Williams, I. M., Twine, C. P. & 
South East Wales Vascular Network. Rupture rates of untreated large 
abdominal aortic aneurysms in patients unfit for elective repair. J Vasc 
Surg 2015; 61: 1606-1612. 

Parodi, J. C. Endovascular repair of aortic aneurysms, arteriovenous fistulas, 
and false aneurysms. World J Surg 1996; 20: 655-663. 

Parodi, J. C., Palmaz, J. C. & Barone, H. D. Transfemoral intraluminal graft 
implantation for abdominal aortic aneurysms. Ann Vasc Surg 1991; 5: 491-
499. 

Parr, A., McCann, M., Bradshaw, B., Shahzad, A., Buttner, P. & Golledge, J. 
Thrombus volume is associated with cardiovascular events and aneurysm 
growth in patients who have abdominal aortic aneurysms. J Vasc Surg 
2011; 53: 28-35. 

Patel, R., Sweeting, M. J., Powell, J. T., Greenhalgh, R. M. & EVAR trial 
investigators. Endovascular versus open repair of abdominal aortic 
aneurysm in 15-years' follow-up of the UK endovascular aneurysm repair 
trial 1 (EVAR trial 1): a randomised controlled trial. Lancet 2016; 388: 
2366-2374. 

Patrick, D. L. & Erickson, P. Heath Status and Health Policy: Quality of Life 
in Health Care Evaluation and Resource Allocation, New York: Oxford 
University Press. 1993. 

Pillay, B., Ramdial, P. K. & Naidoo, D. P. HIV-associated large-vessel 
vasculopathy: a review of the current and emerging clinicopathological 
spectrum in vascular surgical practice. Cardiovasc J Afr 2015; 26: 70-81. 

Pini, R., Faggioli, G., Mascoli, C., Gallitto, E., Freyrie, A., Gargiulo, M. & Stella, 
A. Influence of statin therapy on type 2 endoleak evolution. Ann Vasc Surg 
2015; 29: 1167-1173. 

Powell, J. T., Gotensparre, S. M., Sweeting, M. J., Brown, L. C., Fowkes, F. G. 
& Thompson, S. G. Rupture rates of small abdominal aortic aneurysms: a 
systematic review of the literature. Eur J Vasc Endovasc Surg 2011a; 41: 
2-10. 

Powell, J. T., Sweeting, M. J., Brown, L. C., Gotensparre, S. M., Fowkes, F. G. 
& Thompson, S. G. Systematic review and meta-analysis of growth rates of 
small abdominal aortic aneurysms. Br J Surg 2011b; 98: 609-618. 

Powell, J. T., Sweeting, M. J., Ulug, P., Blankensteijn, J. D., Lederle, F. A., 
Becquemin, J. P., Greenhalgh, R. M. & EVAR, DREAM, OVER and A.C.E. 
Trialists. Meta-analysis of individual-patient data from EVAR-1, DREAM, 
OVER and ACE trials comparing outcomes of endovascular or open repair 
for abdominal aortic aneurysm over 5 years. Br J Surg 2017; 104: 166-178. 

Prinssen, M., Verhoeven, E. L., Buth, J., Cuypers, P. W., van Sambeek, M. R., 
Balm, R., Buskens, E., Grobbee, D. E., Blankensteijn, J. D. & Dutch 
Randomized Endovascular Aneurysm Management Trial Group. A 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

122 
 

randomized trial comparing conventional and endovascular repair of 
abdominal aortic aneurysms. N Engl J Med 2004; 351: 1607-1618. 

Rantakokko, V., Havia, T., Inberg, M. V. & Vänttinen, E. Abdominal aortic 
aneurysms: a clinical and autopsy study of 408 patients. Acta Chir Scand 
1983; 149: 151-155. 

Reimerink, J. J., Hoornweg, L. L., Vahl, A. C., Wisselink, W., van den Broek, 
T. A., Legemate, D. A., Reekers, J. A., Balm, R. & Amsterdam Acute 
Aneurysm Trial Collaborators. Endovascular repair versus open repair of 
ruptured abdominal aortic aneurysms: a multicenter randomized 
controlled trial. Ann Surg 2013a; 258: 248-256. 

Reimerink, J. J., van der Laan, M. J., Koelemay, M. J., Balm, R. & Legemate, 
D. A. Systematic review and meta-analysis of population-based mortality 
from ruptured abdominal aortic aneurysm. Br J Surg 2013b; 100: 1405-
1413. 

Reite, A., Soreide, K., Ellingsen, C. L., Kvaloy, J. T. & Vetrhus, M. 
Epidemiology of ruptured abdominal aortic aneurysms in a well-defined 
Norwegian population with trends in incidence, intervention rate, and 
mortality. J Vasc Surg 2015; 61: 1168-1174. 

RESCAN Collaborators, Bown, M. J., Sweeting, M. J., Brown, L. C., Powell, J. 
T. & Thompson, S. G. Surveillance intervals for small abdominal aortic 
aneurysms: a meta-analysis. Jama 2013; 309: 806-813. 

Richardson, J. W. & Greenfield, L. J. Natural history and management of iliac 
aneurysms. J Vasc Surg 1988; 8: 165-171. 

Robertson, L., Atallah, E. & Stansby, G. Pharmacological treatment of vascular 
risk factors for reducing mortality and cardiovascular events in patients 
with abdominal aortic aneurysm. Cochrane Database Syst Rev 2014; 
CD010447. 

Rollins, K. E., Shak, J., Ambler, G. K., Tang, T. Y., Hayes, P. D. & Boyle, J. R. 
Mid-term cost-effectiveness analysis of open and endovascular repair for 
ruptured abdominal aortic aneurysm. Br J Surg 2014; 101: 225-231. 

Rughani, G., Robertson, L. & Clarke, M. Medical treatment for small 
abdominal aortic aneurysms. Cochrane Database Syst Rev 2012; 
CD009536. 

Saarela, J. & Finnäs, F. Mortality variation by birth region and ethnicity: an 
illustration based on the Finnish Population Register. Hum Biol 2010; 82: 
1-15. 

Salo, J. A., Soisalon-Soininen, S., Bondestam, S. & Mattila, P. S. Familial 
occurrence of abdominal aortic aneurysm. Ann Intern Med 1999; 130: 
637-642. 

Sampson, U. K., Norman, P. E., Fowkes, F. G., Aboyans, V., Song, Y., Harrell, 
F. E., Jr., Forouzanfar, M. H., Naghavi, M., Denenberg, J. O., McDermott, 
M. M., Criqui, M. H., Mensah, G. A., Ezzati, M. & Murray, C. Estimation of 
global and regional incidence and prevalence of abdominal aortic 
aneurysms 1990 to 2010. Glob Heart 2014; 9: 159-170. 

Sandiford, P., Mosquera, D. & Bramley, D. Trends in incidence and mortality 
from abdominal aortic aneurysm in New Zealand. Br J Surg 2011; 98: 645-
651. 

Santilli, S. M., Wernsing, S. E. & Lee, E. S. Expansion rates and outcomes for 
iliac artery aneurysms. J Vasc Surg 2000; 31: 114-121. 

Saratzis, A. & Bown, M. J. The genetic basis for aortic aneurysmal disease. 
Heart 2014; 100: 916-922. 



 References 

123 
 

Schanzer, A., Greenberg, R. K., Hevelone, N., Robinson, W. P., Eslami, M. H., 
Goldberg, R. J. & Messina, L. Predictors of abdominal aortic aneurysm sac 
enlargement after endovascular repair. Circulation 2011; 123: 2848-2855. 

Schermerhorn, M. L., O'Malley, A. J. & Landon, B. E. Long-Term Outcomes of 
Abdominal Aortic Aneurysm Repair. N Engl J Med 2015; 373: 2088-2089. 

Schouten, O., Boersma, E., Hoeks, S. E., Benner, R., van Urk, H., van Sambeek, 
M. R., Verhagen, H. J., Khan, N. A., Dunkelgrun, M., Bax, J. J., Poldermans, 
D. & Dutch Echocardiographic Cardiac Risk Evaluation Applying Stress 
Echocardiography Study Group. Fluvastatin and perioperative events in 
patients undergoing vascular surgery. N Engl J Med 2009; 361: 980-989. 

Schouten, O., Sillesen, H., Poldermans, D. & European Society of Cardiology. 
New guidelines from the European Society of Cardiology for perioperative 
cardiac care: a summary of implications for elective vascular surgery 
patients. Eur J Vasc Endovasc Surg 2010; 39: 1-4. 

Scott, R. A., Bridgewater, S. G. & Ashton, H. A. Randomized clinical trial of 
screening for abdominal aortic aneurysm in women. Br J Surg 2002; 89: 
283-285. 

Scott, R. A., Wilson, N. M., Ashton, H. A. & Kay, D. N. Influence of screening 
on the incidence of ruptured abdominal aortic aneurysm: 5-year results of 
a randomized controlled study. Br J Surg 1995; 82: 1066-1070. 

Scott, S. W., Batchelder, A. J., Kirkbride, D., Naylor, A. R. & Thompson, J. P. 
Late Survival in Nonoperated Patients with Infrarenal Abdominal Aortic 
Aneurysm. Eur J Vasc Endovasc Surg 2016; 52: 444-449. 

Seyahi, E. Behcet's disease: How to diagnose and treat vascular involvement. 
Best Pract Res Clin Rheumatol 2016; 30: 279-295. 

Shreibati, J. B., Baker, L. C., Hlatky, M. A. & Mell, M. W. Impact of the 
Screening Abdominal Aortic Aneurysms Very Efficiently (SAAAVE) Act on 
abdominal ultrasonography use among Medicare beneficiaries. Arch 
Intern Med 2012; 172: 1456-1462. 

Sidloff, D., Stather, P., Dattani, N., Bown, M., Thompson, J., Sayers, R. & 
Choke, E. Aneurysm global epidemiology study: public health measures 
can further reduce abdominal aortic aneurysm mortality. Circulation 
2014; 129: 747-753. 

Sillesen, H., Eldrup, N., Hultgren, R., Lindeman, J., Bredahl, K., Thompson, 
M., Wanhainen, A., Wingren, U., Swedenborg, J. & AORTA Trial 
Investigators. Randomized clinical trial of mast cell inhibition in patients 
with a medium-sized abdominal aortic aneurysm. Br J Surg 2015; 102: 
894–901. 

Singh, M. J., Fairman, R., Anain, P., Jordan, W. D., Maldonaldo, T., Samson, 
R., Makaroun, M. S. & Endurant U.S. Pivotal Trial Investigators. Final 
results of the Endurant Stent Graft System in the United States regulatory 
trial. J Vasc Surg 2016; 64: 55-62. 

Skibba, A. A., Evans, J. R., Hopkins, S. P., Yoon, H. R., Katras, T., Kalbfleisch, 
J. H. & Rush, D. S. Reconsidering gender relative to risk of rupture in the 
contemporary management of abdominal aortic aneurysms. J Vasc Surg 
2015; 62: 1429-1436. 

Soden, P. A., Zettervall, S. L., Ultee, K. H., Darling, J. D., Buck, D. B., Hile, C. 
N., Hamdan, A. D. & Schermerhorn, M. L. Outcomes for symptomatic 
abdominal aortic aneurysms in the American College of Surgeons National 
Surgical Quality Improvement Program. J Vasc Surg 2016; 64: 297-305. 

Soisalon-Soininen, S., Salo, J. A., Perhoniemi, V. & Mattila, S. Emergency 
surgery of non-ruptured abdominal aortic aneurysm. Ann Chir Gynaecol 
1999; 88: 38-43. 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

124 
 

Speelman, L., Schurink, G. W., Bosboom, E. M., Buth, J., Breeuwer, M., van 
de Vosse, F. N. & Jacobs, M. H. The mechanical role of thrombus on the 
growth rate of an abdominal aortic aneurysm. J Vasc Surg 2010; 51: 19-
26. 

Spronk, S., van Kempen, B. J., Boll, A. P., Jørgensen, J. J., Hunink, M. G. & 
Kristiansen, I. S. Cost-effectiveness of screening for abdominal aortic 
aneurysm in the Netherlands and Norway. Br J Surg 2011; 98: 1546-1555. 

Stackelberg, O., Björck, M., Larsson, S. C., Orsini, N. & Wolk, A. Fruit and 
vegetable consumption with risk of abdominal aortic aneurysm. 
Circulation 2013a; 128: 795-802. 

Stackelberg, O., Björck, M., Larsson, S. C., Orsini, N. & Wolk, A. Alcohol 
consumption, specific alcoholic beverages, and abdominal aortic 
aneurysm. Circulation 2014a; 130: 646-652. 

Stackelberg, O., Björck, M., Larsson, S. C., Orsini, N. & Wolk, A. Sex 
differences in the association between smoking and abdominal aortic 
aneurysm. Br J Surg 2014b; 101: 1230-1237. 

Stackelberg, O., Björck, M., Sadr-Azodi, O., Larsson, S. C., Orsini, N. & Wolk, 
A. Obesity and abdominal aortic aneurysm. Br J Surg 2013b; 100: 360-
366. 

Stather, P. W., Sidloff, D. A., Rhema, I. A., Choke, E., Bown, M. J. & Sayers, R. 
D. A review of current reporting of abdominal aortic aneurysm mortality 
and prevalence in the literature. Eur J Vasc Endovasc Surg 2014; 47: 240-
242. 

Stokmans, R. A., Teijink, J. A., Cuypers, P. W., Riambau, V. & van Sambeek, 
M. R. No differences in perioperative outcome between symptomatic and 
asymptomatic AAAs after EVAR: an analysis from the ENGAGE Registry. 
Eur J Vasc Endovasc Surg 2012; 43: 667-673. 

Stone, J. R., Bruneval, P., Angelini, A., Bartoloni, G., Basso, C., Batoroeva, L., 
Buja, L. M., Butany, J., d'Amati, G., Fallon, J. T., Gittenberger-de Groot, A. 
C., Gouveia, R. H., Halushka, M. K., Kelly, K. L., Kholova, I., Leone, O., 
Litovsky, S. H., Maleszewski, J. J., Miller, D. V., Mitchell, R. N., Preston, S. 
D., Pucci, A., Radio, S. J., Rodriguez, E. R., Sheppard, M. N., Suvarna, S. 
K., Tan, C. D., Thiene, G., van der Wal, A. C. & Veinot, J. P. Consensus 
statement on surgical pathology of the aorta from the Society for 
Cardiovascular Pathology and the Association for European Cardiovascular 
Pathology: I. Inflammatory diseases. Cardiovasc Pathol 2015; 24: 267-
278. 

Suckow, B., Schanzer, A. S., Hoel, A. W., Wyers, M., Marone, L. K., 
Veeraswamy, R. K. & Nolan, B. W. A national survey of disease-specific 
knowledge in patients with an abdominal aortic aneurysm. J Vasc Surg 
2016; 63: 1156-1162. 

Sweet, M. P., Fillinger, M. F., Morrison, T. M. & Abel, D. The influence of 
gender and aortic aneurysm size on eligibility for endovascular abdominal 
aortic aneurysm repair. J Vasc Surg 2011; 54: 931-937. 

Sweeting, M. J., Balm, R., Desgranges, P., Ulug, P., Powell, J. T. & Ruptured 
Aneurysm Trialists. Individual-patient meta-analysis of three randomized 
trials comparing endovascular versus open repair for ruptured abdominal 
aortic aneurysm. Br J Surg 2015; 102: 1229-1239. 

Sweeting, M. J., Thompson, S. G., Brown, L. C., Greenhalgh, R. M. & Powell, 
J. T. Use of angiotensin converting enzyme inhibitors is associated with 
increased growth rate of abdominal aortic aneurysms. J Vasc Surg 2010; 
52: 1-4. 



 References 

125 
 

Sweeting, M. J., Thompson, S. G., Brown, L. C., Powell, J. T. & RESCAN 
Collaborators. Meta-analysis of individual patient data to examine factors 
affecting growth and rupture of small abdominal aortic aneurysms. Br J 
Surg 2012; 99: 655-665. 

Svensjö, S., Björck, M., Gurtelschmid, M., Djavani Gidlund, K., Hellberg, A. & 
Wanhainen, A. Low prevalence of abdominal aortic aneurysm among 65-
year-old Swedish men indicates a change in the epidemiology of the 
disease. Circulation 2011; 124: 1118-1123. 

Svensjö, S., Björck, M. & Wanhainen, A. Current prevalence of abdominal 
aortic aneurysm in 70-year-old women. Br J Surg 2013; 100: 367-372. 

Svensjö, S., Björck, M. & Wanhainen, A. Update on screening for abdominal 
aortic aneurysm: a topical review. Eur J Vasc Endovasc Surg 2014a; 48: 
659-667. 

Svensjö, S., Mani, K., Björck, M., Lundkvist, J. & Wanhainen, A. Screening for 
abdominal aortic aneurysm in 65-year-old men remains cost-effective with 
contemporary epidemiology and management. Eur J Vasc Endovasc Surg 
2014b; 47: 357-365. 

Szilagyi, D. E., Elliott, J. P. & Smith, R. F. Clinical fate of the patient with 
asymptomatic abdominal aortic aneurysm and unfit for surgical treatment. 
Arch Surg 1972; 104: 600-606. 

Sörelius, K., Wanhainen, A., Furebring, M., Björck, M., Gillgren, P., Mani, K. 
& Swedish Collaborator Group for Mycotic Abdominal Aortic Aneurysms. 
Nationwide Study of the Treatment of Mycotic Abdominal Aortic 
Aneurysms Comparing Open and Endovascular Repair. Circulation 2016; 
134: 1822-1832. 

Takagi, H., Mizuno, Y., Yamamoto, H., Goto, S. N., Umemoto, T. & Alice 
Group. Alice in Wonderland of statin therapy for small abdominal aortic 
aneurysm. Int J Cardiol 2013a; 166: 252-255. 

Takagi, H., Niwa, M., Mizuno, Y., Goto, S. N., Umemoto, T. & All-Literature 
Investigation of Cardiovascular Evidence Group. The Last Judgment upon 
abdominal aortic aneurysm screening. Int J Cardiol 2013b; 167: 2331-
2332. 

Tala, P. [On the use of substitutes for blood vessels]. Duodecim 1961; 77: 388-
394. [Finnish]. 

Tampa, M., Sarbu, I., Matei, C., Benea, V. & Georgescu, S. R. Brief history of 
syphilis. J Med Life 2014; 7: 4-10. 

Tang, T., Boyle, J. R., Dixon, A. K. & Varty, K. Inflammatory abdominal aortic 
aneurysms. Eur J Vasc Endovasc Surg 2005; 29: 353-362. 

Tang, W., Yao, L., Roetker, N. S., Alonso, A., Lutsey, P. L., Steenson, C. C., 
Lederle, F. A., Hunter, D. W., Bengtson, L. G., Guan, W., Missov, E. & 
Folsom, A. R. Lifetime Risk and Risk Factors for Abdominal Aortic 
Aneurysm in a 24-Year Prospective Study: The ARIC Study 
(Atherosclerosis Risk in Communities). Arterioscler Thromb Vasc Biol 
2016; 36: 2468-2477. 

Teixeira, P. G., Woo, K., Abou-Zamzam, A. M., Zettervall, S. L., Schermerhorn, 
M. L. & Weaver, F. A. The impact of exposure technique on perioperative 
complications in patients undergoing elective open abdominal aortic 
aneurysm repair. J Vasc Surg 2016; 63: 1141-1146. 

Thomas, P. R. & Stewart, R. D. Abdominal aortic aneurysm. Br J Surg 1988; 
75: 733-736. 

Thompson, J. E. Early history of aortic surgery. J Vasc Surg 1998; 28: 746-
752. 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

126 
 

Thompson, S. G., Ashton, H. A., Gao, L., Buxton, M. J., Scott, R. A. & 
Multicentre Aneurysm Screening Study Group. Final follow-up of the 
Multicentre Aneurysm Screening Study (MASS) randomized trial of 
abdominal aortic aneurysm screening. Br J Surg 2012; 99: 1649-1656. 

Thompson, S. G., Brown, L. C., Sweeting, M. J., Bown, M. J., Kim, L. G., 
Glover, M. J., Buxton, M. J. & Powell, J. T. Systematic review and meta-
analysis of the growth and rupture rates of small abdominal aortic 
aneurysms: implications for surveillance intervals and their cost-
effectiveness. Health Technol Assess 2013; 17: 1-118. 

Tuveson, V., Löfdahl, H. E. & Hultgren, R. Patients with abdominal aortic 
aneurysm have a high prevalence of popliteal artery aneurysms. Vasc Med 
2016; 21: 369-375. 

Twine, C. P., Humphreys, A. K. & Williams, I. M. Systematic review and meta-
analysis of the retroperitoneal versus the transperitoneal approach to the 
abdominal aorta. Eur J Vasc Endovasc Surg 2013; 46: 36-47. 

UK Small Aneurysm Trial Participants. Health service costs and quality of life 
for early elective surgery or ultrasonographic surveillance for small 
abdominal aortic aneurysms. Lancet 1998a; 352: 1656-1660. 

UK Small Aneurysm Trial Participants. Mortality results for randomised 
controlled trial of early elective surgery or ultrasonographic surveillance for 
small abdominal aortic aneurysms. Lancet 1998b; 352: 1649-1655. 

UK Small Aneurysm Trial Participants. Long-term outcomes of immediate 
repair compared with surveillance of small abdominal aortic aneurysms. N 
Engl J Med 2002; 346: 1445-1452. 

Ullery, B. W., Tran, K., Chandra, V., Mell, M. W., Harris, E. J., Dalman, R. L. 
& Lee, J. T. Association of an Endovascular-First Protocol for Ruptured 
Abdominal Aortic Aneurysms With Survival and Discharge Disposition. 
JAMA Surg 2015; 150: 1058-1065. 

Ultee, K. H., Soden, P. A., Zettervall, S. L., Darling, J., Verhagen, H. J. & 
Schermerhorn, M. L. Conversion from endovascular to open abdominal 
aortic aneurysm repair. J Vasc Surg 2016a; 64: 76-82. 

Ultee, K. H., Zettervall, S. L., Soden, P. A., Darling, J., Bertges, D. J., Verhagen, 
H. J., Schermerhorn, M. L. & Vascular Study Group of New England. 
Incidence of and risk factors for bowel ischemia after abdominal aortic 
aneurysm repair. J Vasc Surg 2016b; 64: 1384-1391. 

Ulug, P., Powell, J. T., Sweeting, M. J., Bown, M. J., Thompson, S. G. & SWAN 
Collaborative Group. Meta-analysis of the current prevalence of screen-
detected abdominal aortic aneurysm in women. Br J Surg 2016; 103: 
1097-1104. 

Wahlgren, C. M., Larsson, E., Magnusson, P. K., Hultgren, R. & Swedenborg, 
J. Genetic and environmental contributions to abdominal aortic aneurysm 
development in a twin population. J Vasc Surg 2010; 51: 3-7; discussion 7. 

Valentine, R. J. & Chung, J. Primary vascular infection. Curr Probl Surg 2012; 
49: 128-182. 

Walker, D. I., Bloor, K., Williams, G. & Gillie, I. Inflammatory aneurysms of 
the abdominal aorta. Br J Surg 1972; 59: 609-614. 

van 't Hof, F. N., Ruigrok, Y. M., Lee, C. H., Ripke, S., Anderson, G., de 
Andrade, M., Baas, A. F., Blankensteijn, J. D., Böttinger, E. P., Bown, M. J., 
Broderick, J., Bijlenga, P., Carrell, D. S., Crawford, D. C., Crosslin, D. R., 
Ebeling, C., Eriksson, J. G., Fornage, M., Foroud, T., von und zu Fraunberg, 
M., Friedrich, C. M., Gaál, E. I., Gottesman, O., Guo, D. C., Harrison, S. C., 
Hernesniemi, J., Hofman, A., Inoue, I., Jääskeläinen, J. E., Jones, G. T., 
Kiemeney, L. A., Kivisaari, R., Ko, N., Koskinen, S., Kubo, M., Kullo, I. J., 



 References 

127 
 

Kuivaniemi, H., Kurki, M. I., Laakso, A., Lai, D., Leal, S. M., Lehto, H., 
LeMaire, S. A., Low, S. K., Malinowski, J., McCarty, C. A., Milewicz, D. M., 
Mosley, T. H., Nakamura, Y., Nakaoka, H., Niemelä, M., Pacheco, J., 
Peissig, P. L., Pera, J., Rasmussen-Torvik, L., Ritchie, M. D., Rivadeneira, 
F., van Rij, A. M., Santos-Cortez, R. L., Saratzis, A., Slowik, A., Takahashi, 
A., Tromp, G., Uitterlinden, A. G., Verma, S. S., Vermeulen, S. H., Wang, G. 
T., Aneurysm Consortium, Vascular Research Consortium of New Zealand, 
Han, B., Rinkel, G. J. & de Bakker, P. I. Shared Genetic Risk Factors of 
Intracranial, Abdominal, and Thoracic Aneurysms. J Am Heart Assoc 
2016; 5: e002603. doi: 10.1161/JAHA.115.002603. 

van Beek, S. C., Reimerink, J. J., Vahl, A. C., Wisselink, W., Reekers, J. A., van 
Geloven, N., Legemate, D. A., Balm, R. & Amsterdam Acute Aneurysm Trial 
Collaborators. Effect of regional cooperation on outcomes from ruptured 
abdominal aortic aneurysm. Br J Surg 2014; 101: 794-801. 

van Beek, S. C., Vahl, A., Wisselink, W., Reekers, J. A., Legemate, D. A., Balm, 
R. & Amsterdam Acute Aneurysm Trial Collaborators. Midterm Re-
interventions and Survival After Endovascular Versus Open Repair for 
Ruptured Abdominal Aortic Aneurysm. Eur J Vasc Endovasc Surg 2015a; 
49: 661-668. 

van Beek, S. C., Vahl, A. C., Wisselink, W., Balm, R. & Amsterdam Acute 
Aneurysm Trial Collaborators. Fate of patients unwilling or unsuitable to 
undergo surgical intervention for a ruptured abdominal aortic aneurysm. 
Eur J Vasc Endovasc Surg 2015b; 49: 163-165. 

van Sterkenburg, S. M., Heyligers, J. M., van Bladel, M., Verhagen, H. J., 
Eefting, D., van Sambeek, M. R., Zeebregts, C. J., Reijnen, M. M. & Dutch 
I.B.E. Collaboration. Experience with the GORE EXCLUDER iliac branch 
endoprosthesis for common iliac artery aneurysms. J Vasc Surg 2016; 63: 
1451-1457. 

van Walraven, C., Wong, J., Morant, K., Jennings, A., Jetty, P. & Forster, A. J. 
Incidence, follow-up, and outcomes of incidental abdominal aortic 
aneurysms. J Vasc Surg 2010; 52: 282-289. 

Wanhainen, A. & Björck, M. The Swedish experience of screening for 
abdominal aortic aneurysm. J Vasc Surg 2011; 53: 1164-1165. 

Wanhainen, A., Hultgren, R., Linné, A., Holst, J., Gottsater, A., Langenskiöld, 
M., Smidfelt, K., Björck, M., Svensjö, S. & Swedish Aneurysm Screening 
Study Group. Outcome of the Swedish Nationwide Abdominal Aortic 
Aneurysm Screening Program. Circulation 2016; 134: 1141-1148. 

Wanhainen, A., Lundkvist, J., Bergqvist, D. & Björck, M. Cost-effectiveness of 
different screening strategies for abdominal aortic aneurysm. J Vasc Surg 
2005; 41: 741-751. 

Wanhainen, A., Lundkvist, J., Bergqvist, D. & Björck, M. Cost-effectiveness of 
screening women for abdominal aortic aneurysm. J Vasc Surg 2006; 43: 
908-914. 

Wanhainen, A., Themudo, R., Ahlström, H., Lind, L. & Johansson, L. Thoracic 
and abdominal aortic dimension in 70-year-old men and women--a 
population-based whole-body magnetic resonance imaging (MRI) study. J 
Vasc Surg 2008; 47: 504-512. 

Varis, T. & Virtanen, S. Tobacco Statistics 2014. Statistical Report 18/2015, 
National Institute for Health and Welfare (THL). Helsinki, 2015. 

Vavra, A. K. & Kibbe, M. R. Part one: for the motion. Evidence supports 
reducing the threshold diameter to 5 cm for elective interventions in 
women with abdominal aortic aneurysms. Eur J Vasc Endovasc Surg 
2014; 48: 611-614. 



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

128 
 

Veith, F. J., Cynamon, J., Schonholz, C. J. & Parodi, J. C. Early endovascular 
grafts at Montefiore Hospital and their effect on vascular surgery. J Vasc 
Surg 2014; 59: 547-550. 

Veith, F. J., Lachat, M., Mayer, D., Malina, M., Holst, J., Mehta, M., 
Verhoeven, E. L., Larzon, T., Gennai, S., Coppi, G., Lipsitz, E. C., Gargiulo, 
N. J., van der Vliet, J. A., Blankensteijn, J., Buth, J., Lee, W. A., Biasi, G., 
Deleo, G., Kasirajan, K., Moore, R., Soong, C. V., Cayne, N. S., Farber, M. 
A., Raithel, D., Greenberg, R. K., van Sambeek, M. R., Brunkwall, J. S., 
Rockman, C. B., Hinchliffe, R. J. & RAAA Investigators. Collected world 
and single center experience with endovascular treatment of ruptured 
abdominal aortic aneurysms. Ann Surg 2009; 250: 818-824. 

Wemmelund, H., Hogh, A., Hundborg, H. H., Thomsen, R. W., Johnsen, S. P. 
& Lindholt, J. S. Statin use and rupture of abdominal aortic aneurysm. Br 
J Surg 2014; 101: 966-975. 

Venkatasubramaniam, A. K., Fagan, M. J., Mehta, T., Mylankal, K. J., Ray, B., 
Kuhan, G., Chetter, I. C. & McCollum, P. T. A comparative study of aortic 
wall stress using finite element analysis for ruptured and non-ruptured 
abdominal aortic aneurysms. Eur J Vasc Endovasc Surg 2004; 28: 168-
176. 

Verma, H., Rai, K., Vallabhaneni, S. R. & Tripathi, R. History of Aortic Surgery 
in India. Indian J Vasc Endovasc Surg 2015; 2: 105-111. 

Verstraeten, A., Alaerts, M., Van Laer, L. & Loeys, B. Marfan Syndrome and 
Related Disorders: 25 Years of Gene Discovery. Hum Mutat 2016; 37: 524-
531. 

Verzini, F., Romano, L., Parlani, G., Isernia, G., Simonte, G., Loschi, D., Lenti, 
M. & Cao, P. Fourteen-year outcomes of abdominal aortic endovascular 
repair with the Zenith stent graft. J Vasc Surg 2017; 65: 318-329. 

Wilhelm, B. J., Sakharpe, A., Ibrahim, G., Baccaro, L. M. & Fisher, J. The 100-
year evolution of the isolated internal iliac artery aneurysm. Ann Vasc Surg 
2014; 28: 1070-1077. 

Wilson, S. E., Van Wagenen, P. & Passaro, E., Jr. Arterial infection. Curr Probl 
Surg 1978; 15: 1-89. 

Wilson, W. R., Bower, T. C., Creager, M. A., Amin-Hanjani, S., O'Gara, P. T., 
Lockhart, P. B., Darouiche, R. O., Ramlawi, B., Derdeyn, C. P., Bolger, A. 
F., Levison, M. E., Taubert, K. A., Baltimore, R. S., Baddour, L. M., 
American Heart Association Committee on Rheumatic Fever, Endocarditis 
and Kawasaki Disease of the Council on Cardiovascular Disease in the 
Young, Council on Cardiovascular and Stroke Nursing, Council on 
Cardiovascular Radiology and Intervention, Council on Cardiovascular 
Surgery and Anesthesia, Council on Peripheral Vascular Disease & Stroke 
Council. Vascular Graft Infections, Mycotic Aneurysms, and Endovascular 
Infections: A Scientific Statement From the American Heart Association. 
Circulation 2016; 134: e412-e460. 

Volodos, N. L. The 30th Anniversary of the First Clinical Application of 
Endovascular Stent-grafting. Eur J Vasc Endovasc Surg 2015; 49: 495-
497. 

Volodos, N. L., Karpovich, I. P., Shekhanin, V. E., Troian, V. I. & Iakovenko, L. 
F. A case of distant transfemoral endoprosthesis of the thoracic artery using 
a self-fixing synthetic prosthesis in traumatic aneurysm. Grudn Khir 1988; 
6: 84-86. 

Volodos, N. L., Karpovich, I. P., Troyan, V. I., Kalashnikova, Y., Shekhanin, V. 
E., Ternyuk, N. E., Neoneta, A. S., Ustinov, N. I. & Yakovenko, L. F. Clinical 
experience of the use of self-fixing synthetic prostheses for remote 



 References 

129 
 

endoprosthetics of the thoracic and the abdominal aorta and iliac arteries 
through the femoral artery and as intraoperative endoprosthesis for aorta 
reconstruction. Vasa Suppl 1991; 33: 93-95. 

Voorhees, A. B., Jr., Jaretzki, A., 3rd & Blakemore, A. H. The use of tubes 
constructed from vinyon "N" cloth in bridging arterial defects. Ann Surg 
1952; 135: 332-336. 

Vänni, V., Hernesniemi, J., Turtiainen, M., Turtiainen, J. & Hakala, T. 
Screening Men with Coronary Heart Disease for Abdominal Aortic 
Aneurysm: A Prospective Cohort Study. World J Surg 2015; 39: 2354-
2358. 

Vänni, V., Turtiainen, J., Hakala, T., Salenius, J., Suominen, V., Oksala, N. & 
Hernesniemi, J. Vascular comorbidities and demographics of patients with 
ruptured abdominal aortic aneurysms. Surgery 2016; 159: 1191-1198. 

Yao, J. S. & Eskandari, M. K. Transfemoral intraluminal graft implantation for 
abdominal aortic aneurysms: two decades later. Ann Vasc Surg 2012; 26: 
895-905. 

Yusuf, S. W., Whitaker, S. C., Chuter, T. A., Wenham, P. W. & Hopkinson, B. 
R. Emergency endovascular repair of leaking aortic aneurysm. Lancet 
1994; 344: 1645. 

Zarrouk, M., Lundqvist, A., Holst, J., Troeng, T. & Gottsater, A. Cost-
effectiveness of Screening for Abdominal Aortic Aneurysm in Combination 
with Medical Intervention in Patients with Small Aneurysms. Eur J Vasc 
Endovasc Surg 2016; 51: 766-773. 

Zettervall, S. L., Schermerhorn, M. L., Soden, P. A., McCallum, J. C., Shean, K. 
E., Deery, S. E., O'Malley, A. J. & Landon, B. The effect of surgeon and 
hospital volume on mortality after open and endovascular repair of 
abdominal aortic aneurysms. J Vasc Surg 2017a; 65: 626-634. 

Zettervall, S. L., Ultee, K. H., Soden, P. A., Deery, S. E., Shean, K. E., Pothof, 
A. B., Wyers, M. & Schermerhorn, M. L. Predictors of renal dysfunction 
after endovascular and open repair of abdominal aortic aneurysms. J Vasc 
Surg 2017b; 65: 991-996. 

 
  



Ruptured Abdominal Aortic and Iliac Artery Aneurysms 

130 
 

 

 



 Original publications 

131 
 

ORIGINAL PUBLICATIONS 




	CONTENTS
	LIST OF ORIGINAL PUBLICATIONS
	ABBREVIATIONS
	ABSTRACT
	INTRODUCTION
	REVIEW OF THE LITERATURE
	1 HISTORY OF ANEURYSM SURGERY
	2 ABDOMINAL AORTIC ANEURYSM
	3 ILIAC ARTERY ANEURYSMS
	AIMS OF THE STUDY
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENTS
	REFERENCES



