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ABSTRACT

Unlike intact abdominal aortic aneurysm (iAAA), ruptured abdominal aortic aneurysm (rAAA)
is a lethal condition demanding immediate resuscitation and surgical intervention. Where the
former is a silent disease with slow expansion of the infrarenal aorta, rAAA is symptomatic with
abdominal/back pain and possibly even hemorrhagic shock. Repair of an iAAA has low mortality
rates while repair of rAAA is associated with much higher complication rates and postoperative

mortality.

In Sweden, the prevalence of iAAA amongst 65-year-old menis 1.2—1.5 %. Every year 175-200
patients with rAAA are treated at hospitals across the country. With decreasing autopsy rates,
the overall number of ruptures remains unknown and many studies lack the reporting of

untreated patients.

The overall aim of this thesis was to investigate less commonly studied aspects of AAA
epidemiology, with particular emphasis on rAAA; from broad epidemiology with time trends in
incidences and repair modality, to population-based investigations of the prevalence of
previously known AAA in patients with rupture. Furthermore, the effect of sex and

socioeconomic position (SEP) on the severity of disease and outcome of repair was studied.

Studies | and Il are retrospective population-based studies of all individuals with a rAAA
admitted to a hospital in the Stockholm county region and Gotland county, 2009-2013. The
aim of these studies, based on a study cohort of all admitted rAAA patients, was to explore
the proportion of untreated rAAA patients, and of previously diagnosed AAA patients that
are found in a cohort of ruptured patients. Study | demonstrated that the majority (75 %) of
patients with rAAA who reach an emergency department will undergo corrective repair.
Repair rates, modality of repair and outcome were similar between the sexes. Study Il
showed that one third of patients with rAAA had a previously known aneurysm and the most
common reasons for not having undergone repair included denied elective surgery (36 %),

missed surveillance (31 %) and patient choice (18 %).

Study Il is a population-based study of 41,222 patients nationwide that aimed to investigate if
low SEP was associated with presenting with a rAAA rather than iAAA and with poorer repair
outcome. Also, the study describes time-trends in AAA incidence and rAAA mortality for 2001—
2015. After adjustment for age, sex and comorbidity a continued strong association between

low SEP and the risk of presenting with a rAAA and dying within 90 days of repair persisted.



Study IV, also a nationwide study, included 10,724 patients with rupture. Using a propensity-
score-matched analysis, women were matched with men and an analysis was performed to
determine whether: women are less often treated for their rAAA; women are less often treated
with EVAR; outcome after repair is worse for women compared to men. The average treatment
effect for women was -0.08, p<.001 for receiving repair and 0.086, p<.001 for 90-day mortality.
However, when adjusting for postoperative complications, only short-term mortality was
higher in women. No difference in repair modality was seen between the sexes. Complication
rates were similar between the sexes. Time trends indicate a decrease in the number of rAAA

among men, especially aged 65—84, in contrast to the unchanged rates in women.

The incidence of AAA overall and rAAA specifically is declining while the use of EVAR in ruptures
is increasing. On a regional level, sex differences in rAAA were not evident but nationwide sex
differences were prominent and alarming. Apparent positive trends in the care of men with
rAAA can be found that are partly associated with the implementation of screening and with
improved cardiovascular prevention in the population. However, the results unfortunately do
not reflect equally in the female population. Alarmingly, our results emphasize the presence of
inequality in the health care system for women and those with low income and a low level of

education.
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POPULARVETENSKAPLIG SAMMANFATTNING

Stora kroppspulsadern (latin: aorta) ar kroppens storsta blodkarl och transporterar blod direkt
fran hjartat ut till kroppens alla organ inklusive hjdrnan, njurarna, tarmarna samt
extremiteterna (armar och ben). Abdominala (buk) kroppspulsadern, som denna avhandling

beror, I6per fran diafragman ner till delningen till de tva stora backenkarlen .

Abdominala aortan kan, av olika anledningar, langsamt borja vidgas, som en ballong. Denna
process sker oftast helt i det dolda utan att ge individen nagra som helst symptom. De tre
storsta riskfaktorerna for denna utveckling ar rokning, hog alder och manligt kon. Nar
abdominala aortan vuxit till 3 cm i diameter kallas det abdominalt aortaaneurysm (AAA), som
helt enkelt betyder utvidgning av aortan. Nar man utvecklat ett AAA sa fortsatter det oftast att
Oka i storlek, med cirka 2,5 mm/ar. Baserat pa kunskap fran flera storre internationella studier
ar rekommendationen att man ska 6vervaga kirurgisk behandling av patienter med AAA nar
aneurysmet vuxit till 5-5,5 cm i diameter. Man beddémer da att risken for att den ska spricka
(rupturerat AAA, rAAA) och orsaka en livshotande blodning ar stérre an riskerna med
behandling. Har patienten hog risk for kirurgiska komplikationer, till exempel svar
hjartsjukdom, kan behandlingsgransen hojas. De patienter som behandlas med ett planerat
kirurgiskt ingrepp for sitt AAA har lag komplikationsfrekvens och bra 6verlevnad. De patienter

som inkommer med ett rAAA har mycket sémre 6verlevnad.

| dag finns tva olika metoder att valja mellan vid operation av ett AAA/rAAA. En 6ppen
operation innebar att patienten sdvs och man 6ppnar buken fran brostbenets nedre utskott
hela vagen till blygdbenet och kroppspulsadern ersatts med ett tubformad syntetiskt material.
En endovaskuldar metod (EVAR) finns ocksa att tillgd. Denna innebar att man via sma nalstick i
ljumskarna leder fram smala vajrar med kladda med en protes som man l6ser ut pa insidan av
aortan och pa sa satt tacker for aneurysmet/rupturen och leder blodet ratt. En av fordelarna

med EVAR ar att ingreppet gar att utfora i lokalbed6vning.

| var forsta studie undersoktes hur stor andel av personer som inkommer med rAAA som
erbjuds kirurgisk intervention, och hur den gruppen skiljer sig fran de obehandlade med
avseende pa till exempel alder och konsfordelning. Vi fann att en mycket stérre andel av
patienter som inkommer med rAAA behandlas med kirurgisk intervention an det som tidigare
beskrivits i litteraturen. De som nekas behandling var dldre, men kvinnor behandlades i lika hog

utstrackning som man.
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Den andra studien amnade till att undersdka andelen tidigare kdanda AAA hos patienter som
soker med rAAA pa en akutmottagning i Stockholms lans landsting. Anledningar till att man inte
behandlade patienten innan rupturen hann ske undersoktes. En tredjedel av patienterna med
rAAA hade ett tidigare kdnt AAA som av olika anledning hade missats i uppféljningen i varden

vilket tyder pa brister i samordningen kring AAA-patienter i lanet.

Den tredje studien &r en nationell studie som undersokte sambandet mellan lag
socioekonomisk position (SEP) och risk att man inkommer med ruptur i stéllet for ett icke-
rupturerat AAA forsta gadngen man far sin AAA diagnos. Vidare undersdktes sambanden mellan
lag SEP och 6verlevnad efter behandling for rAAA. Har sags att Iag SEP var associerat med hogre

risk att soka med rAAA vid forsta diagnosen och samre 6verlevnad efter atgard.

Den fjarde och avslutande studien aterkom till kdnsskillnader vid rAAA. Har anvéandes ett
landsomfattande material pa éver 10 000 patienter med rAAA och fynden kan delas upp i tre
delar; 1. Kvinnor erhaller i lagre grad behandling vid rAAA an man. 2. Inga skillnader i typ av
behandlingsmetod vid rAAA sags mellan kénen och 3. Kvinnor har samre 6verlevnad, inom

framst 30-dagar fran operation.

Tillsammans belyser dessa fyra studier omraden inom karlkirurgin och AAA-sjukdom som
tidigare inte forstarkts eller belysts med sarskilt fokus pa utsatta grupper i samhallet.
Forhoppningsvis leder resultaten oss ett steg framat i forbattringen av varden for patienter

med AAA.
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1 LIST OF ABBREVIATIONS

Abdominal aortic aneurysm
Abdominal compartment syndrome
Aortic size index

Average treatment effect

Cause of death registry
Cerebrovascular lesion

Chronic obstructive pulmonary disease
Computer tomography

Confidence interval

Coronary artery disease

Vancouver Area Neighborhood Deprivation Index

Endovascular aortic repair

Gross Domestic Product

Intact abdominal aortic aneurysm
Intensive care unit

International classification of disease

Longitudinal integration database for health

insurance and labour market studies
Matrix metalloproteinases
Millimeter

Multiple organ failure

Myocardial infarction

National board of health and welfare

National Patient Register

AAA

ACS

ASI

ATE

CDR

CVL

COPD

CcT

Cl

CAD

VANDIX

EVAR

GDP

IAAA

ICU

ICD

LISA

MMP

MM

MOF

M

NBHW

NPR
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Open repair OR

Patient Reported Outcome PROM
Propensity-score PS
Propensity-score-matched PSM

Renal failure RF

Quality of Life QoL
Randomized controlled trial RCT
Ruptured abdominal aortic aneurysm rAAA
Socioeconomic position SEP
Swedish vascular registry SWEDVASC
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2 INTRODUCTION

2.1 HISTORICAL BACKGROUND

Deciphering the historical evolution of abdominal aortic aneurysm (AAA) disease and trailing
the different methods of treating these “jumping vessels”, as they were first described in the
Ebers Papyrus dating back to 1550 BC, one soon realizes that what is modern and considered
a break-through in medical science, is quickly forgotten and discarded when the next break-
through comes along. From ancient rants to complete ligation of the aorta, followed by
inducing fibrosis using cellophane. The latter method was used when surgeons treated Albert
Einstein’s AAA in 1948. He later died from a rupture seven years later.* Following that, surgeons
and scientists from all over the world contributed to the evolution and refinement of treating
AAAs. French surgeon Dubost performed the first successful resection of an AAA with
restoration of blood flow using a homograft in 19512 and later that decade the use of vein
grafts and vinyl tubes for the repair of AAA were reported.> # Coming to the agreement to
actually treat AAA was monumental but reaching a consensus on when to treat is still in some
aspects a matter of dispute. However remarkable the evolution in medical engineering for
repair options for AAA was in the past, it is only in the last two decades that its repair and
outcome has gone through a huge reform. After Volodos in 1986 and Parodi in 1991 described
an endovascular approach to treating AAA, one might say the Rubicon was crossed.” ©
Outcome after repair of AAA has improved since then and more ruptures are now prevented
on a national level with early detection strategies such as nationwide screening programs and

meticulous surveillance regimes, as well as with cardiovascular risk optimization.

With that said, many questions regarding ruptured abdominal aortic aneurysm (rAAA) remain
unanswered and unexplored. Hopefully and humbly, this thesis aims to answer some of these

questions and shed light on previously uncharted epidemiological aspects of the rAAA.
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2.2 DEFINITIONS, ANATOMY AND PATHOPHYSIOLOGY

2.2.1 Definition and anatomical landmarks

For the abdominal aorta a size more than or equal to 30 millimeters (mm) in men is often
recognized as the definition of an AAA.” 8 This definition is based on ultrasound diameters with
a sensitivity of 67 % and a specificity of 97 % in predicting the need for AAA repair within ten
years.” Some studies have suggested 27 mm to be an adequate definition in women.” °
Another accepted way of defining an arterial aneurysm is to assess its size compared to the
size of an unaffected adjacent segment of the same vessel. A local widening of >1.5 times its
expected normal size including all layers of the artery (intima, media and adventitia) defines it
as an aneurysm.'"13 The different ways of defining an AAA cause difficulties in comparing
studies of the disease. The abdominal aorta is delimited cranially by the diaphragm, and is
commonly further divided into the suprarenal (above the renal arteries) and infrarenal
segments. Thus, there are suprarenal and infrarenal AAAs. Juxtarenal AAAs extend to the level
of the renal arteries. The aortic bifurcation is the lower boundary. For the purpose of this thesis,

the term AAA refers to the infrarenal AAA, figure .

renal arteries

abdominal aortic
aneurysm

inferior mesenteric artery

iliac arteries

Figure 1. Anatomical image of the intact abdominal aortic aneurysm (AAA) to the left and the ruptured AAA to the

right.
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2.2.2 Pathophysiology

The widening of the abdominal aorta is caused by a complex and not fully understood pathway
leading to the weakening of the aortic wall with all three of its layers affected in the process.
Proteolytic enzymes involved in inflammatory processes cause degradation of collagen and
elastin in the aortic media as well as apoptosis of smooth muscle cells in the aortic wall.*#
Matrix metalloproteinases (MMPs), cytokines and reactive oxygen species are possible
participants in this inflammatory degeneration of the aortic wall. The widened aortic wall
contributes to turbulent blood flow and promotes the formation of intraluminal thrombus. This
phenomenon is common in the pathophysiology and anatomy of an AAA and seems to play an
important role in further weakening and degradation of the aortic wall.*>*’ Still, the true and

full pathophysiology of AAA development remains unknown.

2.2.3 Morphology

The anatomical shape of an aneurysm further divides it into subgroups of fusiform and saccular
aneurysm. The fusiform aneurysm is the most common shape in AAA and is seen as a
symmetrical bulge involving the full circumference of the aortic wall, figure Il. The common
perception of saccular aneurysms as high risk aneurysm with higher rupture tendencies has
rarely actually been studied. In an American setting, a study found similar growth rates in
saccular aneurysms as in fusiform.'® However, the current recommendation is that saccular
aneurysm ought to be treated at smaller diameter than fusiform.® 29 Dilation of all three layers
of the arterial wall defines the aneurysm as a “true” aneurysm. This is to separate it from false
aneurysm, also known as pseudo-aneurysm. These are often formed after a penetrating
trauma or blunt injury and occur as blood escapes the lumen of an artery to create a localized,
encapsulated hematoma either between the media and adventitia or in the surrounding

tissues.
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Figure II. A fusiform abdominal aortic aneurysm (left) and saccular AAA (right)

2.3 EPIDEMIOLOGY

2.3.1 Intact AAA —prevalence and risk factors

AAA is fairly rare in the general population and its prevalence seems to be decreasing? but it
is still a burden on healthcare globally.?? During the 20™" century it was a disease on the rise
with high mortality causing the vascular community to take action, conducting large
randomized trials and cohort studies to reduce the knowledge gap of the disease.?® ?* Now in
the 21° century we are starting to see a reversed trend in epidemiology and mortality.?>%’
Large randomized screening studies have reported a prevalence of around 4-7.6 % amongst
men aged 64 or higher.?® 2° However, these data are outdated and more recent national
studies in Sweden report on a much lower prevalence, not more than 1.5 % in 65-year-old
men.28 39 31 Approximately 2,000-2,500 new cases of AAA are seen each year in Sweden
compared to 10,000 new cases of prostate cancers or 25,000 new heart infarctions annually.®?
The main risk factors associated with the development of AAA include smoking, advanced age,

male sex and heritability.333’ Long-time smokers have been shown to have an up to eight-fold
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increased risk of developing an AAA compared to never-smokers and the risk decreases with
the number of years after smoking cessation3®49 but increases with female sex.** The risk of
developing AAA increases with age in both men and women.?® #> AAA has a much higher
prevalence in men than women, with a ratio of 4—6:1.3% 434 A meta-analysis has shown a
higher risk of developing AAA in first-degree relatives of patients with known AAA* with twin
registry studies reporting on a heritability as high as 70 %.%% %% More unclear and debated is the
role of hypertension®® >!, serum-lipid configuration®>>? and atherosclerosis®* >3 in the
development of an AAA. An inverse association between diabetes and aneurysm growth has
been shown.?® The high prevalence of AAA in patients with coronary artery disease (CAD)

indicates similar risk profiles and possible targets for sub-group screening.>

2.3.2 Ruptured AAA — prevalence and risk factors

Describing true epidemiological data on rAAA provides some difficulties. A proportion of
patients, reported at around 50 %°> >, will die immediately at home. Estimations of out-of-
hospital deaths are often based on death certificates®’ or autopsy reports that are declining®
61 With that in mind, incidence of rAAA is reported at 5.6—17.5 per 100,000 person-years>® >&
62,63 with an overall mortality of rAAA around 80-94 %.°% %4 %> There has been, however, a
decrease in mortality from rAAA reported since 1995.27- % 67 This is sometimes accredited to a
decreasing prevalence of AAA in the population which can be associated with changing
smoking habits.?® %8 6 Also, the implementation of screening programs for AAA has been
suggested as another cause of this decrease.?! It is only in recent years that studies on rAAA
have included data on both treated and untreated patients’® 7!, but there is an obvious need
for further study in this field to answer questions such as how many of the AAA that rupture
were previously known and what the reasons for non-repair at initial time of diagnosis were.
The RESCAN study, a meta-analysis of >15,000 individuals with AAA, proposed different risk
factors for growth and rupture, suggesting female sex, smoking and high blood pressure as risk
factors for rupture and smoking as a risk factor for aneurysm growth.> Risk factors for
aneurysm expansion also include high blood pressure, while diabetes and peripheral vascular
disease seem to have a protective effect.3® 44> Also, hereditary AAA is associated with more
rapid growth and higher rupture rate’> /3 as well as rupture at smaller aneurysm diameter and
at lower age.”? The one variable used in clinical practice to predict the risk of rupture is the
aneurysm size, or more precisely the maximum aneurysm diameter.* 4> 7% In a prospective

study of 198 men with AAA of at least 55 mm in diameters, annual rupture risks were estimated
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at 10 % for aneurysms 55—69 mm in diameter but >33 % for aneurysms >70 mm.’* This is in

contrast to a more recent pooled analysis of untreated AAA that suggests much lower rupture

risks.”®

Women have a higher risk of rupture than men.3% 444676 The reasons for this is debated, with
possible weaker wall strength and a relatively higher aneurysm growth rate as two possible
mechanisms.% 77 The expansion rate of an AAA seems to play a role in determining the risk of
rupture’® 7° but the influence of expansion rate on the choice to treat remains debated and it
is not mentioned as a suggestion to treat on the basis of expansion rate in the latest guidelines
from the American Society of vascular surgery.’® Emerging data on the possible
underestimation of the risk of rupture in women compared to men, implicates that the use of
similar aneurysm diameter thresholds for both sexes for repair and surveillance could explain
the increased risk in women.8% 8! |n recent years, new methods of estimating the rupture risk
of an AAA have emerged including Aortic Size index (ASI)®% 8 and biomechanical assessments
of wall stress.”” 82 However, the lack of prospective studies investigating these assessments
has hindered these tools from being used in clinical praxis. Women have also been suggested
to have a worse outcome after repair for rAAA than men.® This has however been refuted by
other studies’" 88 and the true association between female sex and outcome after repair

remains unclear.

2.4 CLINICAL PRESENTATION

An iAAA is a silent disease; the patient rarely has any symptoms such as discomfort or pain.
Sometimes a pulsating mass can be palpated over the umbilicus®’ but the AAA is most
commonly found en-passant in routine scans for other diagnoses or in screening programs.
When a patient is diagnosed they are referred to a vascular clinic for an assessment of the
aneurysm and a general clinical evaluation at the prospect of a potential repair. Most AAAs
found are small in size and the patients are put under an ultrasound surveillance schedule
based on large studies assessing the rupture risk in relation to the maximum diameter of the
AAA?3 8831 table |. These surveillance programs may differ between and within nations with

regards to their surveillance intervals.
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Table 1. Detected aneurysm size and surveillance interval® 20

Aneurysm size (mm)

Surveillance intervals

25-30

30-39

40-49

50-54

Rescan after 10 years

36 months

12 months

6 months

If or when the AAA grows to a maximum diameter of 55 mm, studies have shown that the

annual risk of rupture exceeds the risks of surgical or endovascular repair.8®°2 For women, the

threshold for repair is lower, around 50 mm.*° Preoperative planning of a patient with an AAA

includes a computer tomography (CT) of the aorta, figure Ill, possible referral for optimizing

cardio-, pulmonary- and renal status and an in-depth discussion with the patient regarding the

different repair modalities available.

Figure llI. Three-dimensional CT angio reconstructions of intact abdominal aortic aneurysm (left), and of the same

aneurysm after rupture (right).
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Unlike the iAAA that usually goes unnoticed by the patient, a symptomatic non-ruptured AAA
presents with abdominal pain and palpable bulge in the umbilicus region but the aneurysm is
not ruptured and hemodynamic instability is absent. A symptomatic AAA calls for prompt
repair, however it is possible to await optimal conditions and resources for best surgical
management and outcome.® The rAAA is different in its presentation from both intact and
symptomatic AAA. It is accompanied by massive bleeding and possibly hemodynamic shock.
The classic triad of symptoms for rAAA is abdominal pain, hypertension and a palpable
pulsating mass in the abdomen although misdiagnosis of rAAA is still an issue for emergency

departments and their personnel.®3

2.4.1 Screening

Initiated in 2006, screening for AAA amongst 65-year-old males is now offered on a nationwide
basis in Sweden. Reaching national coverage in 2015, the Swedish screening program offers a
single scan to all 65-year-old men by a letter of invitation. Similar programs are in effect in both
the United Kingdom®* and in the US.%> Screening for AAA in the United States is offered through
different private and government programs directed at 65- to 75-year-old men with a history
of smoking or a family history of AAA.°® Contemporary data have demonstrated a reduction of
AAA-specific mortality with screening as well as being cost-effective.’” % In the Swedish
screening program, to prevent one premature AAA related death, the number needed to
screen is 667.3 Furthermore, AAA-screening contributes to a lower all-cause mortality.®” With
a three- to four-fold increased risk in rupture in women?3, the implementation of female

screening is debated but it has yet to prove reductions in rupture rates or economic viability.%

100

2.4.2 Improving care of AAA patients

One might argue that no patient with a known AAA should rupture as surveillance protocols
and intervention criteria are designed to minimize these events. With nationwide screening
already implemented, more Swedish men with AAA will enter the offered surveillance
program. Some patients themselves decline elective surgery, possibly due to the operative risk
assessment. However, when rupture occurs, a proportion of these still undergo emergency
repair with much higher mortality and complication rates. Identifying the proportion of
previously diagnosed AAA amongst patients with a ruptured AAA is a possible gateway into
finding new areas in need of improvement in the overall care of the AAA-patient. Some patients

are deemed unfit for surgery at time of initial AAA-diagnosis; this number has been reported
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to be around 11-27 % of patients with an AAA.20% 102 proper risk assessment is imperative in
the preoperative phase.'® It has been suggested to use different risk score models in assessing
operative risk®* 19 and incorporating these results when discussing surgical risk with the

patient.*

2.4.3 Non-operative management of rAAA

Some patients admitted to a hospital with rAAA are deemed unlikely to survive surgical repair
and are managed conservatively i.e. palliation. The acute setting of rAAA demands quick
decisions and surgical judgment which is not always an easy task. Scoring systems are
sometimes proposed as an aid in the decision making, but these have not proven sufficient or
accurate.'%® Recent studies have implied that repair of rAAA in patients >80 years old could
give acceptable results.’%’19 Following current recommendations by the European society for
vascular surgery, decisions on non-operative management should not be based solely on

scoring systems or on advanced age.?° A great variation in turn-down rates for rAAA patients

exists 56 70, 83,108,110, 111

2.5 TREATMENT

2.5.1 iAAA. Medical treatment and preoperative optimization

Several drugs have been studied in an effort to find pharmaceutical treatment of aneurysm
growth and for prevention of rupture. These include Doxycycline, Metformin, B-receptor
blockers, ACE-inhibitors and fluoroquinolones among others.!'? 13 Although studies in animal
models or ex vivo human AAA tissue have implied possible associations, none has proven
beneficial in clinical trials'*? 114 except in an observational propensity-score matched analysis
of fluoroquinolones.!** The true effect of this drug on AAA growth and rupture remains in
debate, however. With the known strong association between smoking and aneurysm growth,
smoking cessation should be recommended to all AAA patients.?* 33 115 Optimizing overall
cardiac, pulmonary and renal function is imperative to achieve good postoperative results.
Although the level of evidence is low, statins are used to reduce the incidence of major
cardiovascular events following surgical repair°® 11 117 byt not suggested to reduce the risk of
AAA expansion and rupture.’® Antiplatelet therapy is recommended for AAA according to

European guidelines?® but the same recommendation is not presented by the American Society
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for vascular surgery.*® There is a lack of randomized trials investigating the effect of antiplatelet
therapy specifically on AAA-patients, nonetheless it is used in a more pragmatic matter to

reduce cardiovascular events during the peri- and postoperative period.!!®

2.5.2 rAAA. Initial management

The rAAA is a lethal condition and non-repair is associated with an almost certain death. The
only treatment is surgical repair and the methods and outcome after repair is presented below.
A limitation often seen in large randomized trials or cohort studies is the lack of representation
of the proportion not treated at time of rupture diagnosis.”® ’! Also, the fact that those never
reaching the hospital, dying at home with often no autopsy conducted are not taken into
account hinders epidemiological conclusions.>” A Finnish study from 2016 reported on 27.5 %
of their rAAA patients dying out-of-hospital and 43.2 % undergoing surgery.”* Furthermore,
mors in tabula in patients with rAAA is a source of misclassification as they may not be

registered properly in vascular registries or in-hospital records.

2.5.3 Surgical intervention

Open repair (OR) has been in practice since the 1950s.> The procedure, performed under
general anesthesia includes a large midline laparotomy, replacing the aneurysmatic aorta with
interposition of a graft, excluding the aneurysm from the blood flow. Although improvements
in surgical outcome after this high-risk procedure has been made, it was not until endovascular
aortic repair (EVAR) was introduced in the early 1990s> © that the first real competitor for the
title of gold standard for treating AAAs arrived. By inserting an endograft through a
transfemoral-approach using the Seldinger-technique and assisted by perioperative imaging,
the patient’s AAA is excluded from the blood flow with minimal surgical trauma and often

under local anesthesia, figure IV.
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Figure IV. Images of final result after open repair (OR, left) and endovascular aortic repair (EVAR, right). Note that

after EVAR, the aneurysm sac is still intact and left as is with risk of further enlargement and rupture despite being

treated.

Today, in a modern elective clinical setting, most patients are assessed for both types of repair
and recommended the most suitable modality based on radiological findings of aneurysm
anatomy and the patient’s co-morbidity status.!'®> A preoperative CT scan indicates if EVAR is
feasible using different anatomical measurements including aneurysm neck, angulation and
proximity to visceral arteries. In the Western world, trends shift between OR and EVAR. The
Swedish vascular registry (SWEDVASC) reports annually on frequencies of repair types for AAA.
In the report on the 2017 data it was apparent that EVAR is becoming more used in both the
elective and acute settings. In 2017, EVAR was used in 59 % of AAA cases, compared to 47.6 %
in 2009. For rAAA the proportion of EVAR was 45.9 % in 2017 compared to 22.5 % in 2009.11°
EVAR has increasingly become the first hand choice for treating patients with AAA and although

less common in the ruptured setting, some centers have declared an EVAR-first strategy even
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when a patient presents with a rAAA.12% 121 Unlike after OR, where follow up is often limited to
a 30-day or one-year visit to the out-patient clinic, EVAR-patients are monitored through
regular imaging with ultrasound or CT-scans to detect possible unfavorable graft dislocations
or migration as well as possible aneurysm sac expansion that ultimately can lead to a late

rupture. 22123

2.6 OUTCOME

2.6.1 Outcome of surgical intervention in iIAAA

In Sweden the 30-day mortality rate in 2017 after repair for iAAA was 1.0 % and 2.1 % for 90-
day mortality.*'® There are four large RCTs providing modern comparisons on outcome
between OR and EVAR, table Il. These studies have randomized patients with iAAA to OR or
EVAR. Short term results have been in favor of EVAR; including shorter total hospital stay!?
and reduced early complication rates as well as low early mortality.'?>1?” However, these early
gains do not seem to hold up as long-term results are reported. The EVAR 1 trial, carried out in
the United Kingdom during a four-year period from 1999 to 2003, included patients deemed
eligible for EVAR and randomized to either conventional OR or EVAR. Their short-term results
showed 1.7 % 30-day postoperative mortality for the EVAR compared to 4.7 % in the open
repair group.*?® The long-term outcome was recently published where the benefits of short-
term outcome of EVAR was overshadowed by its inferior late survival partly due to secondary
sac rupture (7 %) in the EVAR group.?? The American OVER-trial found the same results, with
EVAR proving superior in short-term mortality but equal in its long-term mortality results after
three years.'?® 129 Furthermore, in their nine-year follow up study, neither survival, quality of
life, costs or cost-effectiveness differed between OR and EVAR groups. However, their initial
study did show other benefits with EVAR in the perihospital-period such as reduced procedure
time, less transfusion requirements and shorter hospital stay. Unlike these other RCTs, the
French Anevrysme de I'aorte abdominale: Chirurgie versus Endoprothese (ACE) trial found no
early or late survival benefits with EVAR® but did report on a higher re-intervention rate in
the EVAR group (16 % versus 2.4 %). With these studies it is important to be aware of the
generalizability or rather the lack of it, in interpreting the results. The proportion of women in
the trials is often low, selection bias is an important factor for error, as well as differences in

follow-up time between the RCTs, table Il.
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The EVAR 2 trial, designed to include patients deemed unfit for OR, investigated whether EVAR
was superior to best medical treatment in these patients. Although it showed EVAR
contributing significantly to a lower rate of aneurysm-related mortality, no overall survival
benefit with EVAR compared to no intervention was found and EVAR was associated with
increased costs due to continued surveillance and interventions.!3! The long-term data from
this trial further strengthens these results.*3 Furthermore, <40 % of the studied patients were
alive after four years and <10 % of the patients were alive after twelve years, regardless of

EVAR or not, concluding that the majority of EVAR-2 patients had a limited life expectancy.

Table 1. Randomized controlled trials investigating outcome for iAAA after EVAR versus OR.

30-day mortality Long-term** mortality

No of patients % Male | EVAR OR EVAR OR
EVAR 1123126 1252 05% 17% 47% 53 % 46 %
OVER!?:12 881 93% 05% 3.0% 329% 334 %
ACE™0 316 99 % 1.3%* 0.6%* 17.6% 149 %
DREAM? 351 91.7% 12%* 46%* |311% 30.1%

* In-hospital mortality

** Long-term was defined differently in the studies. EVAR 1: 6904 person-years follow-up, OVER: Three year
follow-up, ACE: Three year follow-up (median, range 0—4.8), DREAM: 6.4 years (median) follow-up.

2.6.2 Outcome of surgical intervention in rAAA

In Sweden, the 30-day mortality rate in 2017 after repair for rAAA, was 22.5 % and the 90-day
mortality 28.7 %.11° Three large randomized clinical trials have compared OR to EVAR with
regard to outcome after intervention in rAAA, table Ill. The IMPROVE trial set in the United
Kingdom (plus one center in Canada) included 613 patients randomized to endovascular
strategy or OR. 30-day mortality was similar in both groups, with 35.4 % in the endovascular
strategy group and 37.4 % in the OR group.'*3 A one-year outcome analysis described no

benefits in survival for either group but earlier discharge and better quality of life (Qol) in the
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endovascular strategy group.'** However, by three years EVAR was associated with a survival
advantage but the improved QoL among EVAR patients was no longer as prominent.'3> The
French ECAR-trial showed similar results as did the Dutch AJAX trial.}*®¢ The AJAX trial
demonstrated lower mortality rates than the other RCTs, possible due to optimization of

logistics and centralized care in centers of expertise.*3®

Table 1. Three randomized trials for determining which of the modalities of OR and EVAR have the best 30-day

survival.
30 day mortality
Name of study Type of study No of patients % Male patients OR EVAR
IMPROVE?*? Multicentre 613 78.3 % 374% 354 %
AJAXIZ Three centers 116 85.3 % 25% 21%
ECAR®” Multicentre 107 90.7 % 18 % 24 %

Regardless of the modality of repair, mortality rates are very high, especially compared to the
mortality after repair of iIAAA. Other than perioperative death due to massive hemorrhage and
cardiac arrest, several postoperative complications contribute to these high mortality rates.
These include multiple-organ failure, bowel ischemia, lower-extremity ischemia,
cerebrovascular complications, renal failure and cardiopulmonary complications. A severe
postoperative complication following rAAA repair is abdominal compartment syndrome (ASC).
When intra-abdominal pressure increases to critical levels (>20 mmHG), the perfusion of intra-
abdominal organs decreases and ASC arises. For the rAAA patient, many risk factors for
developing ASC are present including hemoperitoneum, open abdominal surgery, acidosis,
coagulopathy and high age.!3® Swedish contemporary data shows ASC occurring in 6.8-6.9 %
of rAAA cases compared to 0.5-1.6 % after repair of iIAAA* but internationally the rate of ACS
after rAAA has been reported higher.'? The effect on mortality is evident as the Swedish study
demonstrated 30-day mortality rates at 42.4 % for treated rAAA patients who developed ASC

and 23.5 % for those who did not.}* Interestingly, EVAR rather than OR, has been associated
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with lower in-hospital morbidity following repair of rAAA.*4! However this assumption is not

fully established.#?

2.7 SOCIOECONOMIC POSITION

2.7.1 Whatitis and how to measure it

Socioeconomic position (SEP) is a complex term with a broad and multifaceted definition,
figure V. The influence of SEP on overall health and burden of disease has consistently been
deciphered and depicted, especially in the fields of cardiovascular disease'*** and cancer
treatment. 146148 Stratifying SEP and health often depicts the rich and wealthy enjoying a
healthier and disease-free life, while poor, non-educated individuals suffer from more overall
illness. Even for children of parents with low SEP this difference has been observed.'*® To
understand and correctly apply the meaning of SEP, one must first clarify the components of

the term.
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2.7.2 Income

The most widely used indicator of SEP is income. Income is a quantitative measurement
allowing for a straight, non-conceptual approach and analysis. Different assessment tools are
used based on differences in available data between nations. Determining income on an
individual or household basis is only possible in nations with population based registries on that
level such as in the Nordic countries and Sweden in specific. When these data are absent, other

nations turn to different index calculations, such as the neighborhood deprivation index, often
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seen in US studies.® The relation between income and health has been attributed to both a
material pathway — consumption of goods and health-promoting activities, and to a
psychosocial mechanism where the relative social position of an individual relates to his or her
heath status (even among the rich, the least rich feel poor and in that, they face worse health).
One usually speaks of a social gradient, where the higher the income the better the health.*!
It has been suggested that this follows a curve-linear gradient showing that an increase in

income has a higher effect in the low-income field while it has less effect for the already rich,

figure VI.
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Figure VI. Example of a Preston curve. Here the difference in life-expectancy at birth is depicted, comparing data
from 1970, 1990 and 2010 in the USA based on the Gross Domestic Product (GDP) per capita. (Source: Lutz W,
Kebede E. Popul Dev Rev. 2018 Jun;44(2):343-361. doi: 10.1111/padr.12141. Epub 2018 Apr 14.)

2.7.3 Relationship status —it’s complicated

Whether or not marital status is to be viewed as a SEP variable independent of income, the
economic impact of two possible income sources is unquestionable. In the Swedish registries,
it is possible to extract data on disposable household income, adjusted for household
composition, taking into account marital or cohabiting status as well as any minors living under

the same roof. This gives a more pinpoint determination of an individual’s SEP, based on
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income and household composition. However, the notion of living with a partner in contrast
to living alone has its benefits of mental support, better compliance with medical advice and
prescription drugs but also regarding overall mortality.*>> >3 This has been shown to be more

evident among men than women.*>

2.7.4 Level of education

A person’s level of education is sometimes used as a surrogate for actual income or assumed
SEP. A correlation between higher mortality and low educational level has been demonstrated
in the US in cancer patients.'> ¢ Also, educational level has been used to evaluate smoking
habits and a correlation between a decline in smoking habits and higher educational level has
been shown.™” %8 |n 2016, the Public Health Agency in Sweden released its public health
report stating that the difference in mean remaining survival years was 5.1 years longer for
women and 5.7 years longer for men with higher educational level than for those with low
educational level.*>? Also, while men with low level of education have seen their life expectancy
increase over the past two decades, women in Sweden with low level of education have had
the least increase in remaining life expectancy over the last 25 years.*° Not only does low level

of education impact health, it interacts with female sex and amplifies inequality.

2.7.5 Index and context

Neighborhood deprivation index is a tool developed to incorporate different aspects of SEP
without data on an individual level.*?% 1 |t includes many of the factors previously described
and more; including racial ethnicity. One of the oldest index-scoring systems for deprivation is
the Carstairs index.'®? It is based on four census indicators; low social class, lack of car
ownership, overcrowding and male unemployment. This method has mostly been used in the
United Kingdom and stands as a predecessor for newer census-based index systems. In 2012
the Vancouver Area Neighborhood Deprivation Index (VANDIX) was published. It is based on
the weighted summation of seven socio-economic variables including proportions of
educational level, home owners, single-parent families, as well as unemployment ratio and

income. !

2.7.6 SEP and surgical outcome

In surgery, and vascular surgery in particular, the correlation between SEP and surgical

outcome has been sparsely studied with heterogeneous results. An American study
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investigated high risk surgical procedures and found higher rates of postoperative mortality
amongst the elderly with a lower SEP.1%* A recent Dutch study including different types of
vascular interventions demonstrated that the severity of the AAA disease (i.e. rAAA as opposed
to iAAA) increased with lower SEP and that survival was most affected by SEP in the lowest
income regions.'®* Furthermore, a study from New Zealand investigated differences in
outcome after AAA repair based on SEP and ethnic groups. Their results indicated both low SEP
and being Maori as predictors of increased risk for postoperative mortality following AAA
repair.t®® Just recently, a study from the United States demonstrated an association between

SEP and long-term mortality after repair for iAAA. 10

The pathway mediating the association between SEP and health outcomes has been described
using several theoretical models. Different entry points for the impact of SEP on health, both
on an individual and a society level have been suggested, figure VII.*% To clarify parts of this
model: social stratification can be seen as a reflection of how individuals aspire to reach higher
social positions created by society, for instance through education. Differential exposure
indicates that the exposure to different risk factors is dependent on the social position of the
individual, such as work environment, figure VIl. Depending on the SEP, individuals differ in
their vulnerability against disease (differential vulnerability) and also in what consequences a

disease has on the individual (differential consequences), figure VII.

Society Individual

Figure VII. An overview of central mechanisms (to the

Social stratification
Social context _ Social position

left) and their associated policy entry points (center)

| Differential exposure

related to social inequality in health. (Source: Diderichsen

Decreasmg exposure ﬁ
et al*®). To explain this figure further, imagine a male specific exposure

individual with the lowest SEP. His SEP will expose him to | Differential vulnerabilty

Decreasing vulnerability

risk factors for disease such as smoking, bad working _— Disease or injury

Preventing unequal
consequences

Differential consequences

environment etc (differential exposure). Furthermore

Further social stratification

his low SEP might allow him to fall ill more easily than Policy context Social consequences
of ill health

others (differential vulnerability) and having to refrain
from work will have greater economic consequences for him (differential consequences). Regulations can be
performed on different levels to reduce these differential variables. For instance, regulations against smoking or
harsh work environments (decreases exposure), providing free and easy accessible health care (decreases

vulnerability) and offering regulated sick-leave and rehabilitation support (preventing unequal consequences).
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2.8 LET'S TALK ABOUT SEX

The difference between the sexes in terms of disease onset, pathophysiology, progress and
outcome is often debated within the field of AAA disease. AAA is considered a male-dominated
disease with 4-6 times higher prevalence in men than in women. In a meta-analysis of the
current prevalence of screening-detected AAA in women, the prevalence ranged from 0.31
percent to 1.53 percent!®’. The conundrum with AAA in women comes in five main points.
Firstly and secondly, (i) the risk of rupture is three times higher in women than in men*4, (ii)
women have a tendency to rupture at a smaller aneurysm diameter.8% 8 The increased rupture
risk is sometimes credited to peak wall stress or aortic tensile strength as well as to differences
in collagen cross-linking in the aortic wall.%% 168 169 One explanation of the smaller aneurysm
diameter among ruptures in women is that the ratio of aneurysm diameter to body surface
area, (ASl), is higher at time of rupture in women than in men despite actual smaller aneurysm
diameter.8% 170171 |t has even been proposed that the supposed male predominance in AAA
prevalence is due to body size differences and adjusting for this would leave only small sex
differences in AAA prevalence.®! Thirdly, (i) the median growth rate in women has been shown
to be almost twice that in men independent of initial aneurysm size and age'’?, though this has
been contradicted in other studies.?® Fourth, (iv) women have been shown to undergo repair
at time of rupture less often® with higher age and more comorbidities in women influencing
these results.!”® Finally, (v) it has been suggested that postoperative mortality after rAAA is
higher in women compared to men, though these results are controversial and not
homogenous.238> 174 175 Part of the uncertainty in these results is the lack of women included

in most large studies of IAAA and rAAA.

2.9 MAPPING THE UNCHARTED TERRITORIES

With all this knowledge already at our disposal, what areas of the rAAA remain to be further
explored? The main effort must lie in continuing to reduce the rAAA incidence. Screening and
smoking cessation will most likely be the two greatest steps in this direction; by finding the AAA
before it ruptures with the former, and by reducing aneurysm formation and growth through
the latter. However, there are other aspects of rAAA that need to be addressed. We know that
many ruptures occur in patients with known aneurysms. Why are they allowed to rupture? Is

it solely due to the patients being denied elective repair or have they actively declined that
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option? Are there other, modifiable, reasons behind these ruptures? If SEP plays a role in
severity of iliness and mortality, maybe these groups need specific and targeted efforts both
pre- and postoperatively to ensure improved overall health even in the socioeconomically
deprived. RCTs in rAAA have a low proportion of women included and conclusions on sex
differences in outcome are therefore difficult to reach. Using large retrospective cohort data
gives a higher volume of women in these studies but the level of evidence is low due to risk of
unadjusted confounders and both type | and type Il errors. However, using a statistical method
that aims to imitate a RCT while using retrospective observational data could possibly bridge

the gap between the known and unknown aspects of sex differences in AAA-disease.
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3 AIMS OF THE THESIS

The overall aim of this thesis was to study aspects of rAAA epidemiology and improve our

knowledge of rAAA disease with special focus on some of the more vulnerable groups in society

prone to suffer more from inequality in health care.

The specific aims were:

STUDY I.

STUDY II.

STUDY IIl.

STUDY IV.

To investigate the contemporary care of all treated and untreated patients
with rAAA admitted to a hospital, with special consideration to age and
gender.

To investigate the proportion of previously known AAA among patients
presenting with rupture and to present reasons for non-repair at initial time of
iAAA diagnosis.

To study long-term trends in incidence and management of rAAA and to
compare the SEP distribution in patients with iAAA and rAAA. A particular aim
was to elucidate the influence of SEP on type of index diagnosis at
presentation (IAAA or rAAA) and on the outcome after rAAA repair.

To investigate sex differences in repair rates and repair outcomes in rAAA
patients.
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4  DATA SOURCES AND METHODS

4.1 OVERVIEW

Table 1V. Presentation of material and methods used in Studies -IV.

Study |

Study Il

Study il

Study IV

Study design

Population-based,

retrospective

Population-based,

retrospective

Population-based,

retrospective

Population-based,

retrospective

Data sources

Hospital charts,

Hospital charts

Swedish NPR, Swedish

Swedish NPR, Swedish

SWEDVASC Cause of Death Cause of Death
Register, LISA Register, LISA,
SWEDVASC
Population Inhabitants of Inhabitants of All inhabitants in All inhabitants in
Counties of Stockholm | Counties of Stockholm | Sweden Sweden
and Gotland and Gotland
N* 283 283 41,222 10,724
Time period | 2009-2013 2009-2013 2001-2015** 2001-2015
Exposure Repair rAAA SEP Sex
Outcome Repair rates, Sex- Rate of previously Time trends in Repair at time of
inequality known AAA incidence, repair rupture. Repair
modality, mortality. modality. Outcome
Index diagnosis rAAA. | after repair
Outcome after repair
Statistical Frequency Frequency Frequency Propensity-score
method distribution and distribution and distribution and matching

relative proportions

relative proportions

relative proportions.

Logistic regression

Abbreviations: NPR National Patient Register, LISA Longitudinal integration database for health insurance and

labour market studies (extracted from Statistics Sweden), rAAA ruptured abdominal aortic aneurysm, AAA

abdominal aortic aneurysm, SEP Socioeconomic position. *N=Total number of included individuals in the study.
**Data from 1995-2000 was also extracted to provide a 5-year diagnosis-free interval 1995-1999. The year 2000
was excluded as we included disposable household income from the previous year of diagnosis.
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4.2 DATA SOURCES

Different registers have been used within the scope of this thesis and the included studies.

4.2.1 The Swedish National Patient Register

The Swedish National Patient Register (NPR) is composed of several registers including the
Inpatient register, also known as the Hospital Discharge Register, and the Outpatient Register.
It was started in 1964 and reached complete coverage by 1987. The mandatory nature of the
register for all physicians, public and private, to deliver data to the register has led to a 99 %
coverage of all somatic and psychiatric discharges. The register uses current |ICD-codes for
registration of both primary and secondary diagnosis and also includes mode of discharge, i.e.
to where the patient was discharged. Each hospital discharge is keyed to the individual’s
Personal identity number (PIN) allowing easy overview and cross-matching of all entries in the
register for a specific individual. Although the In-patient register has an almost complete
coverage, the Out-patient register has a coverage of around 80 % as it does not include all
private care-givers (for public care-givers the coverage is close to 100 %). In Sweden, all
vascular surgery procedures except venous interventions are only provided through public
care-givers. An external validation of the NPR from 2011 describes its positive predictive value

at 85-95 %.176

4.2.2 The Swedish Cause of Death Register

The Swedish Cause of Death Register (CDR) is managed by the National Board of Health and
Welfare (NBHW) and includes data on all deaths among Swedish residents, domestic and
abroad covering 99 % of Swedish residents. The basis for the register is the death certificate
(dédsorsaksintyg), issued by the physician last seeing the patient and must be submitted within
three weeks of the death. Before this, a notification of death (dédsbevis) must be issued
immediately to the Swedish Tax Agency. Information from both these are recorded in the CDR.
The death certificate includes the underlying cause of death; primary, secondary and so on.
The quality of the register is said to be mainly affected by two factors; the quality with which
the physician certifies the death and the quality in processing the death certificates and
validating the data.?”” The Cause of Death Register also couples the PIN of the individual with
the data in the register allowing for cross-matching between different registers. Some have

suggested that the decrease in autopsy rate in Sweden, from 50 % in the 1970s to between 7—
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15 % in 2014 has had a negative effect on the quality of the register. However, with the
increased use of modern laboratory and imaging tools, more accurate diagnostics preceding

the death ought to combat such deterioration.'”®

4.2.3 The Swedish Vascular Register

The Swedish Vascular Register (SWEDVASC) was started in 1987 and has grown to become a
nationwide register with an excellent external and internal validity.!”® This being said, the
specific reporting on rAAA might be the most uncertain variable, as the acute nature of the
disease might prompt intervention at non-SWEDVASC affiliated hospitals and misclassification
due to mors in tabula. This would lead to an underestimation of the postoperative mortality
rates from SWEDVASC. Although in its previous forms the register lacked nationwide coverage
and a heavy manual paper-based registration process impaired the reporting rates, it is now,
in its electronic form a widely used register for all vascular surgeons in Sweden. The reporting
to SWEDVASC is, however, not mandatory from a legal or reimbursement aspect. Only treated
patients are registered in SWEDVASC. Pre-, peri- and postoperative data is registered including
data on comorbidity, smoking, height and weight of the patient, type of repair, type of
anesthesia, postoperative complications as well as postoperative mortality. Beyond these, also

QoL and Patient Reported Outcome Measures (PROM) are registered for some procedures.

4.2.4 Longitudinal integration database for health insurance and labour market studies

(LISA)

The LISA database is managed by Statistics Sweden (Statistiska centralbyrdn) and since its start
in 1990 the database is annually updated with data from the labour market, educational and
social sectors. Data is individually registered but connections to family and places of
employment are also available. Among other data, disposable income, highest level of
education, country of birth and place of residence are some of the data available from LISA.
The PIN-specificity of the database allows for cross-matching with other registers from other

register holders.
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4.3 METHODS

Study I and Il. Participants were identified using local hospital records. The ICD-code 173.1 was
used to identify rAAA cases. A chart review was performed of each included case and data on
sex, repair, repair type, comorbidity and outcome after repair was extracted. The rAAA was
verified through imaging, at intervention or in autopsy reports. For Study Il a chart review was
performed of each included case and data on previously diagnosed iAAA was extracted, as was

the reason for non-repair at time of initial iAAA diagnosis.

Study lll. Data from the NPR and CDR was extracted for the first registered index diagnosis of
either iAAA or rAAA. Data on disposable household income (divided into quintiles of increasing
income Q1-Q5), and level of education was extracted and matched from Statistics Sweden and
used as markers of SEP. Data on age, sex and comorbidities as well as time of death was also
extracted and included in the analysis. Logistic regression was performed to assess the
association between SEP and the outcome events. For analysis of time trends, a Mantel-
Haenszel test for trend was performed. Analysis for missing data >5 % was proceeded with

multiple imputation by chained equations.

Study IV. The NPR and CDR were scanned for all cases of rAAA during 2001-2015. Data on SEP
was extracted from Statistics Sweden and cross-matched. Data on age, sex, year of rupture and
comorbidities as well as time of death was also extracted and included in the analysis. Similarity
between subjects is based on estimated treatment probabilities, known as propensity-score
(PS). The treatment effect is computed by taking the average of the difference between the
observed and potential outcomes for each subject. Matching was performed with a 1:3 ratio;
each female was matched to the nearest three male individuals if the distance between the PS
of these individuals was no greater than 0.08 (caliper). Average treatment effect (ATE) was
calculated in this model. For a subgroup analysis on postoperative mortality, including
postoperative complications in our PS-model, patients from 2009-2015 were included and the

caliper was raised to 0.15.
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4.4 ETHICAL CONSIDERATIONS

All studies in this thesis were approved by the Regional Ethical Review Board in Stockholm. For
Study | and I, the nature of the rAAA disease made informed consent from the subject
impossible. All data was initially created anonymously with a link between the data and the PIN
stored according to the rules and regulations provided by Karolinska Institutet. All the data for
Study | and Il was presented at a group level. For Study Ill and IV, the linking of data on an
individual between registers was performed by the NBHW before the data was anonymously

handed over to our research group making a reverse identification impossible.
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5 RESULTS AND DISCUSSION

5.1 RESULTS

Study | and II. These two studies included 283 individuals with rAAA. Three out of four patients
were male (n=214; 76 %). Mean age of the whole cohort of patients was 78.7 + 8.9. Women
were older (82 vs 78 years, p<.001), had smaller AAA diameter (74 vs 83 mm, p=0.006) and
lower BMI (22.4 vs 28.4, p=0.002) compared to men. Study | found no difference between the
sexes in repair rates or the use of EVAR. No difference was noted in postoperative mortality. A

high proportion of patients admitted to a hospital with rAAA, (75 %) underwent repair, figure

Vill.

Treatment rates Treatment modality 30-day mortality
- . . .
. . . .
B . . .

Figure VIII. All admitted patients with rAAA (n=283), their repair rates (brown), modality of repair (green) and
mortality within 30 days after repair (red).



Study Il showed that the proportion of previously detected aneurysm was 30 % (n=85). Four
principal reasons for the decision not to treat at the time of aneurysm detection were
identified: denied elective surgery due to comorbidity/high age (n=31); missed surveillance
(n=26); patients’ choice (n=15); denied elective surgery due to aneurysm size (n=11). In two

cases the reason for non-repair or inadequate surveillance was not clear, figure IX.

Previously detected AAA -

Unknown 2 (2 %)

Reason for not treated at
time of detection

Patients’ choice Missed surveilliance

I I
Number of patients (% of

I
total number of previously - 15 (18 %) 26 (31 %)
detected AAA)

I I I
Rate of intervention (% 747 %) 22 (85 %)
of subgroup)

| I I
90-day mortality for
treated patients 343 %) 9 (41 %)

Figure IX. Chart overview of individuals with a previously known abdominal aortic aneurysm (AAA) among rAAA

patients and reasons for non-repair at initial AAA diagnosis.

Study IlI. From 2001 to 2015, a total of 41,222 individuals were diagnosed with either an iAAA
(n=33,254; 80.7 %) or arAAA (n=7,968; 19.3 %) and included in the analysis, table V. The overall
proportion of women was 21.7 %. The incidence of iAAA per 100,000 inhabitants aged >45
years peaked from 45.9 in 2001 to 73.5in 2011 and later dropped to 51.4 in 2015. Time trends
showed a steady decrease in the absolute number of cases of rAAA, from 2,505 in the earliest
time-period to 1,679 in the latest (p<.001), figure X. The use of EVAR increased, especially
during the last 9 years (2007—2015), figure X. During the study period, postoperative survival
after repair for rAAA improved and the study population had an increase in mean age from

75.7 in 2001 to 78.6 in 2015 (p<.001).
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Table V. Demographics of included individuals (n=41,222) in Study Ill, presented in quintiles of disposable

household income; Q1 representing the poorest and Q5 the richest quintile.

All Q1 Q2 Q3 Q4 Q5
n=41,222 n=8,244 n=8,245 n=8,244 n=8,245 n=8,244
Patient demographics
IAAA (n; %) 33,254 (80.7) |6,009(72.9) 6,358(77.1) 6,602 (80.1) 6,957 (84.4) 7,328 (88.9)
rAAA (n; %) 7,968 (19.3) [2,235(27.1) 1,887 (22.9) 1,642(19.9) 1,288 (15.6) 916 (11.1)
Mean age (SD) 73.7(8.6) | 76.4(8.7) 76.2 (8.0) 74.8 (8.0) 72.0(8.3) 69.0 (7.7)
Women (n; %) 8925 (21.7) [2,668(32.4) 2,409(29.2) 1,838(22.3) 1,162 (14.1) 848 (10.3)
Women with rAAA (n;%) 1862 (20.9) 723 (27.4) 524 (21.8) 329 (17.9) 174 (15.0) 112 (13.2)
Comorbidity
Diabetes (n; %) 4,330 (10.5) 700 (8.5) 907 (11.0) 953 (11.6) 952 (11.6) 818 (10.0)
Hypertension (n; %) 16,307 (39.6) | 2,507 (30.4) 3,216 (39.0) 3,611(43.8) 3,565(43.2) 3,408 (41.3)
Hyperlipidemia (n; %) 6,190 (15.0) 694 (8.4) 1,021(12.4) 1,403 (17.0) 1,514 (18.4) 1,558 (18.9)
COPD (n; %) 4,574 (11.1) | 887(10.8) 1,125(13.6) 1,069 (13.0) 841 (10.2) 652 (7.9)
Stroke (n; %) 4,381(10.6) | 904(11.0)  992(12.0) 986 (12.0) 850 (10.3) 649 (7.9)
Renal failure (n; %) 1562 (3.8) | 299 (3.6) 363 (4.4) 359 (4.4) 315 (3.8) 226 (2.7)
Heart disease (n; %) 8,951(21.7) | 1,470 (17.8) 1,782 (21.6) 2,018 (24.5) 1,963 (23.8) 1,718(20.8)
Malignancy (n; %) 7,331(17.8) | 1,141 (13.8) 1,451(17.6) 1,664 (20.2) 1,583 (19.2) 1,492 (18.1)
Level of education”
Low (up to 9 years) 16998 (48.0) | 3,387 (65.0) 4,219(52.3) 3,975(52.3) 3,142 (40.1) 2,275 (28.6)
Middle (10-12 years) 13571(38.3) | 1,535(29.4) 2,215(38.6) 2,936(38.6) 3,432 (43.9) 3,453 (43.3)
High (>12 years) 4845 (13.7) 292 (5.6) 364 (9.1) 695(9.1) 1,254 (16.0) 2,240 (28.1)

Abbreviations: iAAA: intact abdominal aortic aneurysm, rAAA: ruptured abdominal aortic aneurysm, SD: standard
deviation, COPD: chronic obstructive pulmonary disease, *5808 missing cases. Of individuals with a rupture at
index-event, 2,187 had missing information on level of education. Of those receiving repair, 494 individuals had
missing data on level of education.

100
90
80
70
60
50
40
30
20
10

80 900 -
70 800 |-
60 700 |-
0L 600 |-
:g i 500 |-
o E 400 -
10k ST~ 300}
2000 9007 9005 90T 900 o\t g0\ g0M® 200 2001-2003  2004-2006 2007-2009 2010-2012

0
2013-2015

Figure X. To the left, annual incidence (x-axis) of intact abdominal aortic aneurysm (iAAA) (blue line) and ruptured
AAA (rAAA)(red line) per 100,000 inhabitants aged > 45. Screening for iAAA was initiated in 2006. Nationwide
coverage was achieved in 2015. To the right, annual number of treated rAAA per time-period (blue staples, left
axis) and the percentage treated with endovascular aortic repair (EVAR) (red line, right axis).
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A higher risk of presenting with a rAAA at time of index diagnosis was found for both low
disposable household income and low level of education, table VI. After adjusting for age, sex
and comorbid conditions, the association remained; OR 2.16 (95 % Cl 1.98-2.36, p<.001) for
Q1 and OR 1.33 (95 % Cl 1.21-1.46, p<.001) for low level of education. Overall one-year
mortality in rAAA patients was 76.5 % (6,096 of 7,968). Low disposable household income (Q1
and Q2), adjusted for sex, age and comorbidities was associated with increased one-year
mortality after rAAA repair; OR 1.49 (95 % Cl 1.13-1.97, p=0.005). Low educational level did

not influence survival after rAAA repair, table VI.

Table VI. Associations between socioeconomic position indicators and presenting with ruptured, as opposed to
intact abdominal aortic aneurysm as index-event and 90-day mortality after repair for ruptured abdominal aortic
aneurysm (rAAA).

rAAA as index diagnosis 90-day mortality (n=1,103)
(n=7,968)
Adjusted* Adjusted*
OR 95 % ClI P OR 95 % Cl P
Disposable household income
Q1 2.98 2.74-3.24 <001 | 1.42 1.07-1.89 0.014
Q2 2.37 2.18-2.59 <001 | 1.36 1.03-1.80 0.031
Q3 1.99 1.82-2.17 <.001 | 0.99 0.74-1.31 0.923
Q4 1.48 1.35-1.62 <.001 | 1.07 0.80-1.43 0.661
Q5 ref ref ref ref ref ref
Level of education
Low (up to 9 years) 1.52 1.38-1.68 <.001 1.31 0.98-1.76 0.068
Middle (10-12 years) 1.12 1.02-1.22 0.023 1.22 0.89-1.66 0.210
High (> 12 years) ref ref ref ref ref ref

Abbreviations: rAAA: ruptured abdominal aortic aneurysm, OR: odds ratio, Cl: confidential interval, ref: reference.
*Adjusted for sex, age (as a continuous variable) and comorbidity (Diabetes mellitus, hypertension, hyperlipidemia,
chronic obstructive pulmonary disorder, stroke, heart disease, renal failure, malignancy).

Study IV.

A total of 10,724 individuals with rAAA were identified and included in the study, a minority
were women (n=2,622, 24.4 %). The majority (n=8,498, 79.2 %) were found through the NPR,
while the remaining 2,226 individuals (20.8 %) were found in the CDR.

In the complete sample of 10,724 individuals, the association between female sex and not

receiving repair reached significance with an ATE of -0.08 (95 % CI -0.106 — -0.055, p<.001).
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These differences remained even after excluding individuals from the CDR register. The PSM
model with the treated patients only (n=4,480) and EVAR as outcome was not significantly
different between the sexes (ATE=-0.022, 95 % Cl -0.049—-0.005, p=0.109). Treated women had

a higher postoperative mortality than men at 30 days, 90 days and 1 year, (ATE ranging from
0.086—0.095), table VII.

Table VII. Average difference in outcomes between sexes after propensity-score-matching.

Outcome Propensity-score-matched analysis on entire sample n=10,724
ATE 95 % ClI P
Treated -0.08 -0.106 —- 0.055 <.001

Propensity-score-matched analysis on in-patients only n=8,498
ATE 95 % Cl P
Treated -0.089 -0.119 --0.060 <.001

Propensity score matched analysis on treated sample n=4,480
ATE 95 % Cl P
EVAR -0.022 -0.049-0.005 0.109

Propensity score matched analysis on treated sample n=4,480

ATE 95 % ClI P
30d mortality 0.094 0.053-0.135 <.001
90d mortality 0.086 0.043-0.128 <.001
One-year mortality 0.095 0.052-0.137 <.001

Propensity-score was calculated with the inclusion of the following covariates; age (as splines), year of diagnosis,
diabetes, hypertension, hyperlipidemia, chronic obstructive pulmonary disease (COPD), renal failure, ischemic heart
disease, cancer and SEP. For the last model, EVAR was added as a variable for the propensity-score calculation.
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While male rAAA incidence declined rapidly, female incidence rates remained constant. After

dividing the sexes into age-groups (<65, 65—74, 75—84 and >84 years), the time trends showed

a steep decline in men aged 65—84 years, figure XI. Postoperative mortality declined over time

but overall mortality did not, figure XII.
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Figure XI. Time trends in sex differences for patients with ruptured abdominal aortic aneurysm (rAAA). A. Total

number of ruptures per year, blue line represents men, purple line represents women. B. Total number of ruptures

per year according to age group.
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Figure XII. Time trends in sex differences for patients with ruptured abdominal aortic aneurysm (rAAA). Blue line

represents male individuals, purple line represents female. A. Overall repair rates of all diagnosed patients with

rAAA per year (dotted lines) and repair rates of all patients diagnosed in-hospital (connected lines). B.

Postoperative 90-day mortality for treated rAAA (connected lines). Overall mortality for all individuals with rAAA
(dotted lines).
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Postoperative complication rates were similar for men (33.1 %) and women (35.1 %), p=0.210.
The distribution of complications was equal in women and men. The three most common
complications were: prolonged stay in the intensive care unit (ICU) >5 days, renal failure and

multiple organ failure (MOF), figure XII.
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Figure XIIl. Pie charts illustrating the distribution of complications in women (A) and men (B) after rAAA repair

between 2009-2015.

Abbreviations: ICU >5d=stay in intensive care unit >5 days, RF=Renal failure, MOF=Multiple organ failure.
ACS=Abdominal compartment syndrome, MI= Myocardial infarction, CVL=Cerebrovascular lesion.

5.2 DISCUSSION

5.2.1 Untreated rAAA

The rAAA demands early diagnostics and swift relay to the operating theatre or angio-suite.
Left untreated or misdiagnosed, death is an almost certain entity. Even when treated, one in
three suffer the same devastating result. For a long time, studies of AAA failed to include or
report on the proportion untreated, a limitation also mentioned in a systematic review with
meta-analysis of sex differences in morphological eligibility for EVAR.*® Failing to do so can
lead to misunderstandings regarding rAAA epidemiology and its outcome. In Study I, the
reported low proportion of untreated contradicts the previous assumption of high untreated

rates.”® 708 The higher proportion of untreated in a national setting from Study IV was partly
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due to the inclusion of data from the CDR and hence differs from Study | where only individuals
reaching an emergency department were included. However, when only including patients
that were recorded in the NPR in Study IV, repair rates were 46 %, still lower than in our
regional material. In the Stockholm county region where Study | was performed, an EVAR first
strategy has been implemented during the last decade. From previously, where there was
hesitation about transferring a patient with rAAA, more patients are now transported from
their primary hospital to one of the two hospitals in the region with vascular expertise and
resources. The benefits of this have been studied and reported on’® and are in concordance
with current recommendations'®. Increased use of EVAR might also allow older and more
unwell patients to be eligible for repair as it can be performed without general anesthesia or

laparotomy.

5.2.2 Previously detected

The immediate threat to life and the high mortality for rAAA calls for a high level of resources
and skill within the hospital walls.”® However, early identification of patients with intact AAA in
the population is the most effective tool to minimize the number of rAAA. Our second study
(Study Il) found that in one third of patients with rupture, the AAA was previously known. This
is a high proportion and an aspect of the rAAA disease rarely studied or mentioned. Among the
85 patients (30 %) with a previously known AAA, an alarmingly high proportion (31 %) were
missed in surveillance or never referred to a vascular surgeon. This is an area in which care-
givers and health professionals must improve. Structured surveillance regimes must be
developed, implemented and maintained. Furthermore, the awareness among health care
providers regarding the necessity of referring AAA patients for evaluation at a vascular
department must be enhanced.? It is also important to recognize that surveillance is not only
for preoperative use, but after EVAR, life-long surveillance with repeated imaging is important
to avoid secondary sac rupture.'®% 182 The influence of SEP, such as level of education, might
be of importance in this aspect of previously detected AAA. Not fully understanding disease
pathophysiology and risk assessments might impair patient compliance and prognosis, as

further examined in Study III.

5.2.3 When to treat AAA
In Study Il AAA-size as reason for non-repair comprised a small group (13 %) within the
proportion of previously detected AAA among rAAA patients. Although rupture in patients with

AAA diameter <55mm is rare, it can occur, and likewise, not all large AAA rupture. A systematic
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review of 14 eligible studies concluded that rupture rates from small AAAs lie between 0 and
1.61 per 100 person-years.*®3 However, heterogenicity among the studies and the absence of
clear reporting standards for aneurysm rupture hindered the analysis. Suggestions that lower
mortality after EVAR should prompt lower diameter threshold was discarded by a Cochrane
analysis of four randomized trials.*®* The 55 mm threshold is somewhat arbitrary but partly
based on autopsy reports on 24,000 consecutive individuals.*®> In that study, among those with
AAA (473), 118 were ruptured. Approximately 40 % of AAAs >50 mm in diameter were
ruptured. In the same study, 40 % of AAAs between 70 and 100 mm were not ruptured,
whereas 13 % of AAAs <50 mm were ruptured. Perhaps the use of ASI® 8! and consideration
of other patient characteristics such as sex®> 1° and aneurysm morphology*® 18’ could help
determine which patients to operate on and when. Nevertheless, long-term prospective

studies of these factors are necessary before inclusion in risk assessment protocols.

5.2.4 Getrich or die trying

Study Il represents the largest study of individualized SEP and its effect on presentation of
disease (iIAAA or rAAA) set in a welfare-state such as Sweden. The effect of spending capability
versus that of level of education is partly separate and the results in Study Il might reflect this;
a healthy lifestyle is associated with income and reflects the individuals capability of acquiring
healthy foods, exercise and travel, whilst understanding disease pathophysiology and
understanding when to seek care is often attributed to educational level*” 18 |n the case of
Study Ill, education may play a more important role in understanding disease and
symptomology as well as adherence to screening programs, while income may affect overall
cardiovascular comorbidity. The association between low SEP and presenting with rAAA rather
than iAAA was seen in a Dutch study of 1,178 patients.'®* The same results in Study Il with
41,222 patients further strengthens this association. Low SEP also affects screening
attendance.% 189 Study Ill and IV have indicated worse outcome for women and patients with
low SEP. Even smoking, a main risk factor for AAA development and growth is associated with
low SEP.1%° The association between low SEP and worse outcome of AAA disease is therefore
present from AAA formation, through growth and detection, to presentation and repair
outcome. Information on SEP can be used to reduce smoking prevalence by targeted
programs, to increase screening attendance by offering free screening and to improve patient
outcome by better patient information and individualized surveillance both pre- and

postoperatively.
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5.2.5 Sexdifferences

In both Study | and Study IV inequality between the sexes was examined at the regional and
the national levels respectively. From Study |, the findings of similar repair rates and outcome
were of great interest as they contradicted what, at that time, were sure assumptions of
inequality in care between the sexes. What that study lacked however, was data on rAAA
patients not admitted to a hospital and the results might only be applicable to a similar
metropolitan area. The smaller population studied might also be grounds for type Il errors. In
Study IV sex differences in repair rates and short term outcome were clear. However, the lack
of sex difference in long-term mortality seen in our sub group analysis could be a result of an
overrepresentation of more comorbid male patients in the latter rupture cohort that has not
adhered to screening programs. Some studies suggest similar results as Study [V.”V 8486
However there are contradicting reports'®! that could be explained by differences in study
variables and outcome measures. For instance, in our study a high proportion were treated
with EVAR which was not the case in some of the other studies with opposing results’* and
while Study IV presents both short and long-term data on postoperative mortality, others only
present in-hospital data.®® Sex differences have been shown to be prominent in studies of IAAA
where women are more often not offered repair, are less eligible for EVAR and have higher
postoperative mortality.*®° Study IV, one of the largest studies of sex differences in rAAA did
not find women less eligible for EVAR but the difference in overall repair rates and

postoperative mortality, especially 30-day mortality, was clear.

5.2.6  Outcome

Postoperative mortality rates after rAAA have improved, as shown in Study Ill and IV. The
introduction of permissive hypotension and evidence-based blood transfusion regimes in rAAA
patients'¥?1% might have improved survival outcome. Structured protocols or algorithms for
managing rAAA have been shown to decrease the relative risk of 30-day mortality by 35 %.12!
Overall mortality after rAAA does not seem, however, to be in decline and is concordant with
a study from Denmark that found that when adjusting for age, no change in overall mortality
from rAAA was seen between 1994-2008.%° Similar results have been reported from
Norway.'*? Both these studies are from Nordic countries with similar health care systems as in
Sweden. However, contradicting reports claim a decrease in rAAA mortality.?> % 67 These
studies often lack the inclusion of out-of-hospital death and therefore may underestimate the

overall mortality from rAAA.
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5.3 METHODOLOGICAL CONSIDERATIONS

All studies included in this thesis are to be considered observational studies, meaning that the
researcher does not manipulate the exposure or influence the distribution of the exposure
among the subjects. This is unlike the experimental study where the exposure is imposed on
subjects by the researcher. This latter form of study is what is usually seen as a randomized
trial, designed in an effort to erase confounders or at least have them evenly distributed
between the different groups studied. Although this method is to be preferred when possible,
certain conditions such as a rare disease or ethical considerations hinder a randomized trial
and an observational study may better suit the cause. When matching is performed, different
characteristics are taken into consideration in order to make the study groups as similar as

possible so as to better assess the exposure effect.

Study I and II. These studies only include those individuals who reached a hospital and were
diagnosed with a rAAA either by clinical and/or radiological signs. We know that a proportion
of rAAA patients die at home and with massively decreasing autopsy rates in Sweden for the
elderly, the true incidence of rAAA will remain unknown. Subgroup analysis results in small
number of patients being included, hence the results must be interpreted with caution. These
studies represent the population of Stockholm and Gotland counties. A comparative study with

the same outcomes from a more rural part of Sweden would have been interesting to perform.

Study llI. Although the CDR was included for the search for individuals with AAA disease, it still
contains the same limitations as described for Study | and Il. One must also consider whether
autopsy rates differ among the SEP strata, possibly affecting the outcomes of this study. This
has, however, not been shown to be evident.'> The study aimed to detect the initial diagnosis
of AAA disease. To accomplish that, all registries were audited from 1995 onward but only
those with an initial diagnosis of iIAAA or rAAA between 2001-2015 were included. That left us
with the assumption that the included individuals did not have a prior diagnosis before 1995.
Level of disposable household income was extracted for the year prior to the initial diagnosis
so as to reflect a full year’s income and better correlate with the income quintiles. The lack of
smoking as a comorbidity factor is regrettable but difficult to manipulate, but chronic

obstructive pulmonary disorder (COPD) was used as a proxy instead.

Study IV. Today, the gold standard approach for estimating treatment effects is a RCT where

the random allocation ensures that confounders, measured and unmeasured, will be evenly
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distributed between the groups. A PS analysis tries to mimic this fundamental quality of a RCT
by accounting for differences in baseline characteristics. The PS is a balancing score, meaning
that conditional on the PS, the distribution of measured baseline covariates is similar between
treated and untreated subjects. In this current study, matching individuals on their PS and then
observing the outcome (i.e. repair, EVAR or mortality after repair) one can assume that the
compared women and men (1:3 ratio) are similar in all aspects except sex. This is comparable
to the terms of a randomized trial setting where the randomization itself creates an even
distribution of predictors. Unlike a regression model where confounders are inserted into the
model because they affect exposure and outcome, a PS model incorporates confounders in
the probability of the exposure (i.e. female sex in this study) and only on the combined PS does
the model then predict outcome. The PS model has its limitations in that it only controls for
variables inserted as predictors. Any missing or non-detected variable of importance cannot

enter the model.

5.3.1 External validity

External validity describes the generalizability of the results to a larger demographic than the
studied individuals. With the proper study design, a higher external validity can be achieved.
Using population-based material is one way of achieving a high external validity but is only
generalizable for the studied population. l.e., the results of Study | and 1l are generalizable to
the counties of Stockholm and Gotland or to a county similar to these. Study Ill and IV are
nationwide population-based studies and the results are therefore generalizable to all
inhabitants in Sweden and also to similar countries with comparable health care systems and

ethnic composition.

5.3.2 Internal validity

Internal validity describes to what extent the study correctly measures what it was intended to
measure. Different types of errors or biases can impair the internal validity of a study. These

are described below.

5.3.3 Random error

A random error generally affects the precision of the study rather than affecting the results in
any one direction. In order to understand how this is estimated it is necessary to understand

the basics of hypothesis testing. For every research question the “null hypothesis” should be
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defined, assuming that there is no correlation between the investigated exposure and
outcome. Commonly used estimates of the level of random error include Confidence Interval
(Cl) and p-value. A 95 % Cl states an interval within which the estimated result would fall 95 %
of the time if the study was performed repeatedly under the same conditions. The p-value
indicates the probability that the null hypothesis stands true despite the observed results. A
Type-| error occurs when the null hypothesis is rejected despite being true. This can occur
when multiple testing for significance is performed. A Type-Il error occurs when the null
hypothesis is accepted despite being false and is often due to insufficient power (small
population) in the statistical analysis. The lack of sex differences in Study | may be due to a
Type-Il error as Study IV with a larger study population demonstrated opposing results. The
loss of sex differences in the sub groups analysis performed in Study IV could be the result of a

Type-ll error as the included population was much smaller than the overall study group.

5.3.4 Bias

A selection process where selected subjects are not representative of the intended study
population leads to selection bias. For this thesis, the rAAA diagnose comes with its inherent
selection bias as an unknown proportion of rAAA patients die at home or in a hospital without
autopsy or proper diagnosis. Although Study Il and IV included data from the CDR, low autopsy
rates cause possible selection bias, as does the inclusion of those patients only reaching an
emergency department (Study | and II). Another form of bias, information bias or
misclassification, occurs when different variables including exposure and outcome are
registered or classified differently amongst subgroups in the study leading to an inherent
skewness and error in comparing different groups. The Swedish NPR is validated with

extremely good coverage of inpatient data.'’®

5.3.5 Confounder

A variable that is associated with both the exposure and the measured outcome is called a
confounder. In a randomized trial the confounders are assumed to be evenly distributed so as
not to cause any interference with the results. In observational studies, however, confounders
must be identified so that they can be adjusted for in the model or to help stratify the study
groups. For AAA disease, age is a typical confounder affecting both the development of the
disease (exposure) and postoperative mortality (outcome). Both Study Il and IV incorporate

and adjust for this in their statistical models.
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6 CONCLUSIONS

Apparent positive trends in the care of men with rAAA can be found that could be partly
associated with the implementation of screening, and possibly improved cardiovascular
prevention in the population. However, the results unfortunately do not reflect equally in the
female population. Alarmingly, our results emphasize the presence of inequality in the health

care system for women and those with low income and low level of education.

Study 1. Our results and other contemporary studies show a shift toward a higher rate of
treated patients with rAAA, and improving outcomes, similar for women and men. The
increased use of EVAR contributes to this improvement in short-term outcome. High age

influences the willingness to treat patients with rAAA.

Study Il. One-third of patients admitted with a rAAA had a previously detected AAA. The
surgeon’s decision to deny elective surgery and surveillance deficiency were the two main
reasons for non-repair at time of the AAA diagnosis. Improved patient-specific protocols to
reduce the surveillance gaps and new methods of determining rupture risk in each case of

AAA could be two possible future strategies to reduce the incidence of rupture.

Study lll. The incidence of rAAA is decreasing. Individuals with low SEP have a higher risk of
presenting with rAAA rather than iAAA. They also fare worse after repair. Consequently, SEP
should be regarded as a relevant risk factor that should be included in considerations for

improved care flow of patients with AAA.

Study IV. Female sex is associated with lower repair rates and higher mortality after repair for
rAAA, the latter was most evident for 30-day mortality. No difference was observed in the

association between sex and repair type.
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/7 FUTURE PERSPECTIVES

Studies on targeted screening invitations to individuals with low SEP as well as possible changes

to patient fees should be performed to determine if screening attendance improves.

Further studies of subgroups of small AAA among women should be initiated to better clarify
if threshold diameter for intervention for women should be lowered to avoid rupture in this
group. A large RCT that is not underpowered would be ideal, including subgroups of smoking

and non-smoking women.

SWEDVASC has improved its coverage yearly and is now a good platform to use for further
research into AAA disease and vascular surgery in general. The collection of data on smoking

habits is a useful variable in the registry that could be used in future studies.

Studies on the association between SEP and iAAA are a natural next step to see if differences
are also evident in the patient with an iAAA. So is studying the proportion of previously
detected AAA in rAAA patients on a nationwide basis, as well as observing differences in those

rates over time.

The findings in Study lll and IV also have implications beyond AAA and vascular surgery.

Sex differences are evident not only in AAA disease but many other areas of interest such as
malignant melanoma. Using Swedish register data and data from the Swedish cancer registry,

this area can be further explored.

Differences in SEP have implications in other fields of surgery such as breast cancer, breast
cancer reconstruction and other malignancies. It would be advisable to study this further in

those clinical settings.

63



64



8 ACKNOWLEDGEMENTS

Rebecka Hultgren. My main supervisor, top vascular surgeon and whip. In times of prosperity
you allowed me to shine, in times of despair you lifted me and pushed me onwards. | could not
have had a better person in my corner. Thank you for everything. It has truly been an amazing

journey!

Joy Roy. Co-supervisor and overall great person. Thank you for your wise input and for always
cheering me on. When the team encountered crossroads, you always listened to my choice in

picking our route.

Johnny Steuer. Co-supervisor and high-end scientist. You transformed our work to another

level, both in theory and in writing.
David Lindstrom. Mentor and fellow hip-hopper. Stay gangster.

Anneli Linné. My former clinical supervisor in general surgery. For years of support, guidance

and for always having my back during those years.

Peter Gillgren. Head of the Section of Vascular surgery, Sodersjukhuset. For guidance in

vascular surgery and in life.

My former colleagues at the Department of surgery and Section for vascular surgery,
Sodersjukhuset. No one mentioned, none forgotten. Special shout-out though to Bertil Friberg,

Jerzy Lewin and Tomas Sonnenfeld. Three icons whose input | will always cherish.

Inkeri Schultz, for the opportunity to delve into the dazzling world of plastic surgery at

Karolinska university hospital and allowing me to wrap up this thesis.

All my colleagues at the PF Reconstructive plastic surgery, Karolinska university hospital for
continuous teaching and inspiration. Special shout-out to my fellow residents, Ebba Lindqvist

and Alexander Kamali.

My clinical supervisor in plastic surgery Petra Peterson for being an enormous supporter and

source of inspiration in both surgery and in humanitarian work.

The Department of Molecular Medicine and Surgery. Special thanks to Siw Frebelius and Moritz

Lindquist Liljeqvist.

65



All my co-authors. Thank you for your time, effort and input.
Max Vikstrém. For statistical support.
All my friends and family for love, heckles and support since day one.

Karl Sérelius. Friend and former band member. These are the wonderwalls of Oasis. LMTH-
livsstil boy. Erik Boijsen. For always keeping my head straight and pushing me up those hills.
Martina Byttner for keeping my feet on the ground and always being generous with your time,

support and advice. Alberto Falk-Delgado. Separated at birth. Thank you for your support.

Oliva, Ella. My smart, beautiful and joyful children. | can’t wait for all the adventures we will
embark on together and for those you will go off on on your own. Livet ska levas! Also, please

take care of your soon-to-be baby sister!

Lina Zommorodi. The love of my life. The cornerstone of our family. Thank you for putting up

with me. Jag alskar dig.

Finally, | wish to thank Karolinska Institutet for providing me with both the clinical and the

scientific framework that made this possible.

66



9 REFERENCES

1. Cohen JR, Graver LM. The ruptured abdominal aortic aneurysm of Albert Einstein. Surg
Gynecol Obstet. 1990;170(5):455-8.

2. Dubost C. First successful resection of an aneurysm of the abdominal aorta with restoration
of the continuity by a human arterial graft. World journal of surgery. 1982;6(2):256-7.

3. Freeman ME, Leeds FH. Vein inlay graft in the treatment of aneurysms and thrombosis of the
abdominal aorta; a preliminary communication with report of 3 cases. Angiology. 1951;2(6):579-87.

4, Blakemore AH, Voorhees AB, Jr. The use of tubes constructed from vinyon N cloth in bridging
arterial defects; experimental and clinical. Annals of surgery. 1954;140(3):324-34.

5. Volodos NL, Shekhanin VE, Karpovich IP, Troian VI, Gur'ev lu A. [A self-fixing synthetic blood
vessel endoprosthesis]. Vestn Khir Im | | Grek. 1986;137(11):123-5.

6. Parodi JC, Palmaz JC, Barone HD. Transfemoral intraluminal graft implantation for abdominal
aortic aneurysms. Annals of vascular surgery. 1991;5(6):491-9.

7. Wanhainen A, Themudo R, Ahlstrom 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. Journal of vascular surgery. 2008;47(3):504-12.

8. Steinberg |, Stein HL. Arteriosclerotic abdominal aneurysms. Report of 200 consecutive cases
diagnosed by intravenous aortography. Jama. 1966;195(12):1025-9.
9. Freiberg MS, Arnold AM, Newman AB, Edwards MS, Kraemer KL, Kuller LH. Abdominal aortic

aneurysms, increasing infrarenal aortic diameter, and risk of total mortality and incident cardiovascular
disease events: 10-year follow-up data from the Cardiovascular Health Study. Circulation. 2008;117(8):1010-
7.

10. Forbes TL, Lawlor DK, DeRose G, Harris KA. Gender differences in relative dilatation of
abdominal aortic aneurysms. Annals of vascular surgery. 2006;20(5):564-8.

11. Collin J, Araujo L, Walton J, Lindsell D. Oxford screening programme for abdominal aortic
aneurysm in men aged 65 to 74 years. Lancet (London, England). 1988;2(8611):613-5.

12. Sonesson B, Lanne T, Hansen F, Sandgren T. Infrarenal aortic diameter in the healthy person.
Eur J Vasc Surg. 1994;8(1):89-95.

13. Sterpetti AV, Schultz RD, Feldhaus RJ, Cheng SE, Peetz DJ, Jr. Factors influencing enlargement
rate of small abdominal aortic aneurysms. J Surg Res. 1987;43(3):211-9.

14. Ailawadi G, Eliason JL, Upchurch GR, Jr. Current concepts in the pathogenesis of abdominal
aortic aneurysm. Journal of vascular surgery. 2003;38(3):584-8.

15. Khan JA, Abdul Rahman MN, Mazari FA, Shahin Y, Smith G, Madden L, et al. Intraluminal

thrombus has a selective influence on matrix metalloproteinases and their inhibitors (tissue inhibitors of
matrix metalloproteinases) in the wall of abdominal aortic aneurysms. Annals of vascular surgery.
2012;26(3):322-9.

16. Swedenborg J, Kazi M, Eriksson P, Hedin U. Influence of the intraluminal thrombus in
abdominal aortic aneurysms. Acta Chir Belg. 2004;104(6):606-8.

17. Sakalihasan N, Michel JB, Katsargyris A, Kuivaniemi H, Defraigne JO, Nchimi A, et al. Abdominal
aortic aneurysms. Nature reviews Disease primers. 2018;4(1):34.

18. Shang EK, Nathan DP, Boonn WW, Lys-Dobradin IA, Fairman RM, Woo EY, et al. A modern
experience with saccular aortic aneurysms. Journal of vascular surgery. 2013;57(1):84-8.

19. Chaikof EL, Dalman RL, Eskandari MK, Jackson BM, Lee WA, Mansour MA, et al. The Society

for Vascular Surgery practice guidelines on the care of patients with an abdominal aortic aneurysm. Journal of
vascular surgery. 2018;67(1):2-77.e2.

20. Wanhainen AEGCDr, et al. European Society for Vascular Surgery (ESVS) 2019 Clinical Practice
Guidelines on the Management of Abdominal Aorto-iliac Artery Aneurysms. European Journal of Vascular and
Endovascular Surgery. 2018.

21. Levin DC, Rao VM, Parker L, Frangos AJ, Sunshine JH. Endovascular repair vs open surgical
repair of abdominal aortic aneurysms: comparative utilization trends from 2001 to 2006. J Am Coll Radiol.
2009;6(7):506-9.

22. Global, regional, and national age-sex specific mortality for 264 causes of death, 1980-2016:
a systematic analysis for the Global Burden of Disease Study 2016. Lancet (London, England).
2017;390(10100):1151-210.

67



23. Mortality results for randomised controlled trial of early elective surgery or ultrasonographic
surveillance for small abdominal aortic aneurysms. The UK Small Aneurysm Trial Participants. Lancet (London,
England). 1998;352(9141):1649-55.

24. Lederle FA, Johnson GR, Wilson SE, Chute EP, Littooy FN, Bandyk D, et al. Prevalence and
associations of abdominal aortic aneurysm detected through screening. Aneurysm Detection and
Management (ADAM) Veterans Affairs Cooperative Study Group. Ann Intern Med. 1997;126(6):441-9.

25. Choke E, Vijaynagar B, Thompson J, Nasim A, Bown MJ, Sayers RD. Changing epidemiology of
abdominal aortic aneurysms in England and Wales: older and more benign? Circulation. 2012;125(13):1617-
25.

26. Svensjo S, Bjorck 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(10):1118-23.

27. Anjum A, Powell JT. Is the incidence of abdominal aortic aneurysm declining in the 21st
century? Mortality and hospital admissions for England & Wales and Scotland. European journal of vascular
and endovascular surgery : the official journal of the European Society for Vascular Surgery. 2012;43(2):161-
6.

28. Scott RA, Wilson NM, Ashton HA, Kay DN. Influence of screening on the incidence of ruptured
abdominal aortic aneurysm: 5-year results of a randomized controlled study. The British journal of surgery.
1995;82(8):1066-70.

29. Ashton HA, Buxton MJ, Day NE, Kim LG, Marteau TM, Scott RA, et al. The Multicentre
Aneurysm Screening Study (MASS) into the effect of abdominal aortic aneurysm screening on mortality in
men: a randomised controlled trial. Lancet (London, England). 2002;360(9345):1531-9.

30. Linne A, Leander K, Lindstrom D, Tornberg S, Hultgren R. Reasons for non-participation in
population-based abdominal aortic aneurysm screening. The British journal of surgery. 2014;101(5):481-7.
31. Wanhainen A, Hultgren R, Linne A, Holst J, Gottsater A, Langenskiold M, et al. Outcome of the
Swedish Nationwide Abdominal Aortic Aneurysm Screening Program. Circulation. 2016;134(16):1141-8.

32. Hultgren R, Forsberg J, Alfredsson L, Swedenborg J, Leander K. Regional variation in the
incidence of abdominal aortic aneurysm in Sweden. Br J Surg. 2012;99(5):647-53.

33. Singh K, Bonaa KH, Jacobsen BK, Bjork L, Solberg S. Prevalence of and risk factors for

abdominal aortic aneurysms in a population-based study : The Tromso Study. Am J Epidemiol.
2001;154(3):236-44.
34, Vardulaki KA, Walker NM, Day NE, Duffy SW, Ashton HA, Scott RA. Quantifying the risks of
hypertension, age, sex and smoking in patients with abdominal aortic aneurysm. The British journal of surgery.
2000;87(2):195-200.

35. Wilmink TB, Quick CR, Day NE. The association between cigarette smoking and abdominal
aortic aneurysms. Journal of vascular surgery. 1999;30(6):1099-105.

36. Larsson E, Granath F, Swedenborg J, Hultgren R. A population-based case-control study of the
familial risk of abdominal aortic aneurysm. Journal of vascular surgery. 2009;49(1):47-50; discussion 1.

37. Pleumeekers HJ, Hoes AW, van der Does E, van Urk H, Hofman A, de Jong PT, et al. Aneurysms
of the abdominal aorta in older adults. The Rotterdam Study. Am J Epidemiol. 1995;142(12):1291-9.

38. Brady AR, Thompson SG, Fowkes FG, Greenhalgh RM, Powell JT. Abdominal aortic aneurysm
expansion: risk factors and time intervals for surveillance. Circulation. 2004;110(1):16-21.

39. Sweeting MJ, Thompson SG, Brown LC, Powell JT. Meta-analysis of individual patient data to

examine factors affecting growth and rupture of small abdominal aortic aneurysms. The British journal of
surgery. 2012;99(5):655-65.

40. Lederle FA, Nelson DB, Joseph AM. Smokers' relative risk for aortic aneurysm compared with
other smoking-related diseases: a systematic review. Journal of vascular surgery. 2003;38(2):329-34.

41. Stackelberg O, Bjorck M, Larsson SC, Orsini N, Wolk A. Sex differences in the association
between smoking and abdominal aortic aneurysm. The British journal of surgery. 2014;101(10):1230-7.

42. Powell JT, Greenhalgh RM. Clinical practice. Small abdominal aortic aneurysms. The New
England journal of medicine. 2003;348(19):1895-901.

43, Hultgren R. Abdominal aortic aneurysms-gender aspects on prevalence, treatment, and
concurrent aneurysms. Thorac Cardiovasc Surg. 2013;61(1):15-21.

44, Brown LC, Powell JT. Risk factors for aneurysm rupture in patients kept under ultrasound
surveillance. UK Small Aneurysm Trial Participants. Annals of surgery. 1999;230(3):289-96; discussion 96-7.
45. Brown PM, Zelt DT, Sobolev B. The risk of rupture in untreated aneurysms: the impact of size,
gender, and expansion rate. Journal of vascular surgery. 2003;37(2):280-4.

46. Norman PE, Powell JT. Abdominal aortic aneurysm: the prognosis in women is worse than in
men. Circulation. 2007;115(22):2865-9.

68



47. van Vlijmen-van Keulen CJ, Pals G, Rauwerda JA. Familial abdominal aortic aneurysm: a
systematic review of a genetic background. European journal of vascular and endovascular surgery : the
official journal of the European Society for Vascular Surgery. 2002;24(2):105-16.

48. Joergensen TM, Christensen K, Lindholt JS, Larsen LA, Green A, Houlind K. Editor's Choice -
High Heritability of Liability to Abdominal Aortic Aneurysms: A Population Based Twin Study. European journal
of vascular and endovascular surgery : the official journal of the European Society for Vascular Surgery.
2016;52(1):41-6.

49. Wahlgren CM, Larsson E, Magnusson PK, Hultgren R, Swedenborg J. Genetic and
environmental contributions to abdominal aortic aneurysm development in a twin population. Journal of
vascular surgery. 2010;51(1):3-7; discussion

50. Schouten O, van Laanen JH, Boersma E, Vidakovic R, Feringa HH, Dunkelgrun M, et al. Statins
are associated with a reduced infrarenal abdominal aortic aneurysm growth. European journal of vascular and
endovascular surgery : the official journal of the European Society for Vascular Surgery. 2006;32(1):21-6.

51. Vega de Ceniga M, Gomez R, Estallo L, Rodriguez L, Baquer M, Barba A. Growth rate and
associated factors in small abdominal aortic aneurysms. European journal of vascular and endovascular
surgery : the official journal of the European Society for Vascular Surgery. 2006;31(3):231-6.

52. Schewe CK, Schweikart HP, Hammel G, Spengel FA, Zollner N, Zoller WG. Influence of selective
management on the prognosis and the risk of rupture of abdominal aortic aneurysms. Clin Investig.
1994;72(8):585-91.

53. Cabellon S, Jr.,, Moncrief CL, Pierre DR, Cavanaugh DG. Incidence of abdominal aortic
aneurysms in patients with atheromatous arterial disease. American journal of surgery. 1983;146(5):575-6.
54. Hernesniemi JA, Vanni V, Hakala T. The prevalence of abdominal aortic aneurysm is

consistently high among patients with coronary artery disease. Journal of vascular surgery. 2015;62(1):232-
40.e3.

55. Laine MT, Laukontaus SJ, Sund R, Aho PS, Kantonen |, Alback A, et al. A Population-Based Study
of Abdominal Aortic Aneurysm Treatment in Finland 2000-2014. Circulation. 2017.

56. Bengtsson H, Bergqvist D. Ruptured abdominal aortic aneurysm: a population-based study.
Journal of vascular surgery. 1993;18(1):74-80.

57. Reimerink JJ, van der Laan MJ, Koelemay MJ, Balm R, Legemate DA. Systematic review and
meta-analysis of population-based mortality from ruptured abdominal aortic aneurysm. The British journal of
surgery. 2013;100(11):1405-13.

58. Johansson G, Swedenborg J. Ruptured abdominal aortic aneurysms: a study of incidence and
mortality. The British journal of surgery. 1986;73(2):101-3.

59. Johansson G, Swedenborg J. Little impact of elective surgery on the incidence and mortality
of ruptured aortic aneurysms. Eur J Vasc Surg. 1994;8(4):489-93.

60. Lindholt JS, Sogaard R, Laustsen J. Prognosis of ruptured abdominal aortic aneurysms in
Denmark from 1994-2008. Clin Epidemiol. 2012;4:111-3.

61. Acosta S, Ogren M, Bengtsson H, Bergqvist D, Lindblad B, Zdanowski Z. Increasing incidence

of ruptured abdominal aortic aneurysm: a population-based study. Journal of vascular surgery.
2006;44(2):237-43.

62. Mealy K, Salman A. The true incidence of ruptured abdominal aortic aneurysms. Eur J Vasc
Surg. 1988;2(6):405-8.
63. Larsson E, Granath F, Swedenborg J, Hultgren R. More patients are treated for nonruptured

abdominal aortic aneurysms, but the proportion of women remains unchanged. Journal of vascular surgery.
2008;48(4):802-7.

64. Kantonen |, Lepantalo M, Brommels M, Luther M, Salenius JP, Ylonen K. Mortality in ruptured
abdominal aortic aneurysms. The Finnvasc Study Group. European journal of vascular and endovascular
surgery : the official journal of the European Society for Vascular Surgery. 1999;17(3):208-12.

65. Semmens JB, Norman PE, Lawrence-Brown MM, Holman CD. Influence of gender on outcome
from ruptured abdominal aortic aneurysm. The British journal of surgery. 2000;87(2):191-4.

66. Anjum A, von Allmen R, Greenhalgh R, Powell JT. Explaining the decrease in mortality from
abdominal aortic aneurysm rupture. The British journal of surgery. 2012;99(5):637-45.

67. Schermerhorn ML, Bensley RP, Giles KA, Hurks R, O'Malley A J, Cotterill P, et al. Changes in
abdominal aortic aneurysm rupture and short-term mortality, 1995-2008: a retrospective observational study.
Annals of surgery. 2012;256(4):651-8.

68. Sidloff D, Stather P, Dattani N, Bown M, Thompson J, Sayers R, et al. Aneurysm global
epidemiology study: public health measures can further reduce abdominal aortic aneurysm mortality.
Circulation. 2014;129(7):747-53.

69



69. Giles KA, Pomposelli F, Hamdan A, Wyers M, Jhaveri A, Schermerhorn ML. Decrease in total
aneurysm-related deaths in the era of endovascular aneurysm repair. Journal of vascular surgery.
2009;49(3):543-50; discussion 50-1.

70. Ozdemir BA, Karthikesalingam A, Sinha S, Poloniecki JD, Vidal-Diez A, Hinchliffe RJ, et al.
Association of hospital structures with mortality from ruptured abdominal aortic aneurysm. The British journal
of surgery. 2015;102(5):516-24.

71. Vanni V, Turtiainen J, Hakala T, Salenius J, Suominen V, Oksala N, et al. Vascular comorbidities
and demographics of patients with ruptured abdominal aortic aneurysms. Surgery. 2015.
72. Akai A, Watanabe Y, Hoshina K, Obitsu Y, Deguchi J, Sato O, et al. Family history of aortic

aneurysm is an independent risk factor for more rapid growth of small abdominal aortic aneurysms in Japan.
Journal of vascular surgery. 2015;61(2):287-90.

73. Verloes A, Sakalihasan N, Koulischer L, Limet R. Aneurysms of the abdominal aorta: familial
and genetic aspects in three hundred thirteen pedigrees. Journal of vascular surgery. 1995;21(4):646-55.
74. Lederle FA, Johnson GR, Wilson SE, Ballard DJ, Jordan WD, Jr., Blebea J, et al. Rupture rate of

large abdominal aortic aneurysms in patients refusing or unfit for elective repair. Jama. 2002;287(22):2968-
72.
75. Parkinson F, Ferguson S, Lewis P, Williams IM, Twine CP. Rupture rates of untreated large
abdominal aortic aneurysms in patients unfit for elective repair. Journal of vascular surgery. 2015;61(6):1606-
12.

76. Bown MJ, Sweeting MJ, Brown LC, Powell JT, Thompson SG. Surveillance intervals for small
abdominal aortic aneurysms: a meta-analysis. Jama. 2013;309(8):806-13.
77. Larsson E, Labruto F, Gasser TC, Swedenborg J, Hultgren R. Analysis of aortic wall stress and

rupture risk in patients with abdominal aortic aneurysm with a gender perspective. Journal of vascular surgery.
2011;54(2):295-9.

78. Gadowski GR, Pilcher DB, Ricci MA. Abdominal aortic aneurysm expansion rate: effect of size
and beta-adrenergic blockade. Journal of vascular surgery. 1994;19(4):727-31.

79. Bengtsson H, Bergqvist D, Ekberg O, Ranstam J. Expansion pattern and risk of rupture of
abdominal aortic aneurysms that were not operated on. Eur J Surg. 1993;159(9):461-7.

80. Lo RC, Lu B, Fokkema MT, Conrad M, Patel VI, Fillinger M, et al. Relative importance of
aneurysm diameter and body size for predicting abdominal aortic aneurysm rupture in men and women.
Journal of vascular surgery. 2014;59(5):1209-16.

81. Jones GT, Sandiford P, Hill GB, Williams MJA, Khashram M, Tilyard MW, et al. Correcting for
Body Surface Area Identifies the True Prevalence of Abdominal Aortic Aneurysm in Screened Women.
European journal of vascular and endovascular surgery : the official journal of the European Society for
Vascular Surgery. 2018.

82. Gasser TC, Nchimi A, Swedenborg J, Roy J, Sakalihasan N, Bockler D, et al. A novel strategy to
translate the biomechanical rupture risk of abdominal aortic aneurysms to their equivalent diameter risk:
method and retrospective validation. European journal of vascular and endovascular surgery : the official
journal of the European Society for Vascular Surgery. 2014;47(3):288-95.

83. McPhee JT, Hill JS, Eslami MH. The impact of gender on presentation, therapy, and mortality
of abdominal aortic aneurysm in the United States, 2001-2004. Journal of vascular surgery. 2007;45(5):891-9.
84. Evans SM, Adam DJ, Bradbury AW. The influence of gender on outcome after ruptured
abdominal aortic aneurysm. Journal of vascular surgery. 2000;32(2):258-62.

85. Lo RC, Bensley RP, Hamdan AD, Wyers M, Adams JE, Schermerhorn ML. Gender differences in
abdominal aortic aneurysm presentation, repair, and mortality in the Vascular Study Group of New England.
Journal of vascular surgery. 2013;57(5):1261-8, 8.e1-5.

86. Sidloff DA, Saratzis A, Sweeting MJ, Michaels J, Powell JT, Thompson SG, et al. Sex differences
in mortality after abdominal aortic aneurysm repair in the UK. The British journal of surgery.
2017;104(12):1656-64.

87. Chervu A, Clagett GP, Valentine RJ, Myers SI, Rossi PJ. Role of physical examination in
detection of abdominal aortic aneurysms. Surgery. 1995;117(4):454-7.
88. Lederle FA, Wilson SE, Johnson GR, Reinke DB, Littooy FN, Acher CW, et al. Inmediate repair

compared with surveillance of small abdominal aortic aneurysms. The New England journal of medicine.
2002;346(19):1437-44.

89. Cao P. Comparison of surveillance vs Aortic Endografting for Small Aneurysm Repair (CAESAR)
trial: study design and progress. European journal of vascular and endovascular surgery : the official journal
of the European Society for Vascular Surgery. 2005;30(3):245-51.

70



90. Ouriel K. The PIVOTAL study: a randomized comparison of endovascular repair versus
surveillance in patients with smaller abdominal aortic aneurysms. Journal of vascular surgery. 2009;49(1):266-
9.

91. Powell JT, Brown LC, Forbes JF, Fowkes FG, Greenhalgh RM, Ruckley CV, et al. Final 12-year
follow-up of surgery versus surveillance in the UK Small Aneurysm Trial. The British journal of surgery.
2007;94(6):702-8.

92. Powell JT, Brady AR, Brown LC, Fowkes FG, Greenhalgh RM, Ruckley CV, et al. Long-term
outcomes of immediate repair compared with surveillance of small abdominal aortic aneurysms. The New
England journal of medicine. 2002;346(19):1445-52.

93. Azhar B, Patel SR, Holt PJ, Hinchliffe RJ, Thompson MM, Karthikesalingam A. Misdiagnosis of
ruptured abdominal aortic aneurysm: systematic review and meta-analysis. J Endovasc Ther. 2014;21(4):568-
75.

94, Jacomelli J, Summers L, Stevenson A, Lees T, Earnshaw JJ. Impact of the first 5 years of a
national abdominal aortic aneurysm screening programme. The British journal of surgery. 2016;103(9):1125-
31.

95. LeFevre ML. Screening for abdominal aortic aneurysm: U.S. Preventive Services Task Force
recommendation statement. Ann Intern Med. 2014;161(4):281-90.

96. Lederle FA. Screening for AAA in the USA. Scand J Surg. 2008;97(2):139-41.

97. Lederle FA. The Last (Randomized) Word on Screening for Abdominal Aortic Aneurysms. JAMA
Intern Med. 2016;176(12):1767-8.

98. Glover MJ, Kim LG, Sweeting MJ, Thompson SG, Buxton MJ. Cost-effectiveness of the National

Health Service Abdominal Aortic Aneurysm Screening Programme in England. The British journal of surgery.
2014;101(8):976-82.

99, Sweeting MJ, Masconi KL, Jones E, Ulug P, Glover MJ, Michaels JA, et al. Analysis of clinical
benefit, harms, and cost-effectiveness of screening women for abdominal aortic aneurysm. Lancet (London,
England). 2018;392(10146):487-95.

100. Svensjo S, Bjorck M, Wanhainen A. Current prevalence of abdominal aortic aneurysm in 70-
year-old women. The British journal of surgery. 2013;100(3):367-72.
101. Tambyraja AL, Stuart WP, Sala Tenna A, Murie JA, Chalmers RT. Non-operative management

of high-risk patients with abdominal aortic aneurysm. European journal of vascular and endovascular surgery
: the official journal of the European Society for Vascular Surgery. 2003;26(4):401-4.

102. Karthikesalingam A, Nicoli TK, Holt PJ, Hinchliffe RJ, Pasha N, Loftus IM, et al. The fate of
patients referred to a specialist vascular unit with large infra-renal abdominal aortic aneurysms over a two-
year period. European journal of vascular and endovascular surgery : the official journal of the European
Society for Vascular Surgery. 2011;42(3):295-301.

103. Kolh P, De Hert S, De Rango P. The Concept of Risk Assessment and Being Unfit for Surgery.
European journal of vascular and endovascular surgery : the official journal of the European Society for
Vascular Surgery. 2016;51(6):857-66.

104. Biancari F, Hobo R, Juvonen T. Glasgow Aneurysm Score predicts survival after endovascular
stenting of abdominal aortic aneurysm in patients from the EUROSTAR registry. The British journal of surgery.
2006;93(2):191-4.

105. Eslami MH, Rybin D, Doros G, Kalish JA, Farber A. Comparison of a Vascular Study Group of
New England risk prediction model with established risk prediction models of in-hospital mortality after
elective abdominal aortic aneurysm repair. Journal of vascular surgery. 2015;62(5):1125-33.e2.

106. Sweeting MJ, Ulug P, Roy J, Hultgren R, Indrakusuma R, Balm R, et al. Value of risk scores in
the decision to palliate patients with ruptured abdominal aortic aneurysm. The British journal of surgery.
2018;105(9):1135-44.

107. Biancari F, Mazziotti MA, Paone R, Laukontaus S, Venermo M, Lepantalo M. Outcome after
open repair of ruptured abdominal aortic aneurysm in patients>80 years old: a systematic review and meta-
analysis. World journal of surgery. 2011;35(7):1662-70.

108. De Rango P, Simonte G, Manzone A, Cieri E, Parlani G, Farchioni L, et al. Arbitrary Palliation of
Ruptured Abdominal Aortic Aneurysms in the Elderly is no Longer Warranted. European journal of vascular
and endovascular surgery : the official journal of the European Society for Vascular Surgery. 2016;51(6):802-
9.

109. Shahidi S, Schroeder TV, Carstensen M, Sillesen H. Outcome and survival of patients aged 75
years and older compared to younger patients after ruptured abdominal aortic aneurysm repair: do the results
justify the effort? Annals of vascular surgery. 2009;23(4):469-77.

71



110. Reite A, Soreide K, Ellingsen CL, Kvaloy JT, Vetrhus M. Epidemiology of ruptured abdominal
aortic aneurysms in a well-defined Norwegian population with trends in incidence, intervention rate, and
mortality. Journal of vascular surgery. 2015;61(5):1168-74.

111. Karthikesalingam A, Holt PJ, Vidal-Diez A, Ozdemir BA, Poloniecki JD, Hinchliffe RJ, et al.
Mortality from ruptured abdominal aortic aneurysms: clinical lessons from a comparison of outcomes in
England and the USA. Lancet (London, England). 2014;383(9921):963-9.

112. Yoshimura K, Morikage N, Nishino-Fujimoto S, Furutani A, Shirasawa B, Hamano K. Current
Status and Perspectives on Pharmacologic Therapy for Abdominal Aortic Aneurysm. Curr Drug Targets.
2018;19(11):1265-75.

113. Pasternak B, Inghammar M, Svanstrom H. Fluoroquinolone use and risk of aortic aneurysm
and dissection: nationwide cohort study. BMJ (Clinical research ed). 2018;360:k678.

114. Meijer CA, Stijnen T, Wasser MN, Hamming JF, van Bockel JH, Lindeman JH. Doxycycline for
stabilization of abdominal aortic aneurysms: a randomized trial. Ann Intern Med. 2013;159(12):815-23.

115. Moll FL, Powell JT, Fraedrich G, Verzini F, Haulon S, Waltham M, et al. Management of

abdominal aortic aneurysms clinical practice guidelines of the European society for vascular surgery. European
journal of vascular and endovascular surgery : the official journal of the European Society for Vascular Surgery.
2011;41 Suppl 1:51-S58.

116. Durazzo AE, Machado FS, lkeoka DT, De Bernoche C, Monachini MC, Puech-Leao P, et al.
Reduction in cardiovascular events after vascular surgery with atorvastatin: a randomized trial. Journal of
vascular surgery. 2004;39(5):967-75; discussion 75-6.

117. Schouten O, Boersma E, Hoeks SE, Benner R, van Urk H, van Sambeek MR, et al. Fluvastatin
and perioperative events in patients undergoing vascular surgery. The New England journal of medicine.
2009;361(10):980-9.

118. Smout J, Stansby G. Current practice in the use of antiplatelet agents in the peri-operative
period by UK vascular surgeons. Ann R Coll Surg Engl. 2003;85(2):97-101.

119. SWEDVASC annual report [Internet]. Sweden. Swedish society for vascular surgery.
www.swedvasc.se: 2018.

120. Ogino H, Watanabe K, Ikegaya Y, Kawachi J, Shimoyama R, Isogai N. Protocol-based strategy
for endovascular repair of ruptured abdominal aortic aneurysms. Ann Vasc Dis. 2013;6(2):169-74.

121. Starnes BW, Quiroga E, Hutter C, Tran NT, Hatsukami T, Meissner M, et al. Management of

ruptured abdominal aortic aneurysm in the endovascular era. Journal of vascular surgery. 2010;51(1):9-17;
discussion -8.

122. Wyss TR, Brown LC, Powell JT, Greenhalgh RM. Rate and predictability of graft rupture after
endovascular and open abdominal aortic aneurysm repair: data from the EVAR Trials. Annals of surgery.
2010;252(5):805-12.

123. Patel R, Sweeting MJ, Powell JT, Greenhalgh RM. 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 (London, England). 2016;388(10058):2366-74.

124. Garcia-Madrid C, Josa M, Riambau V, Mestres CA, Muntana J, Mulet J. Endovascular versus
open surgical repair of abdominal aortic aneurysm: a comparison of early and intermediate results in patients
suitable for both techniques. European journal of vascular and endovascular surgery : the official journal of
the European Society for Vascular Surgery. 2004;28(4):365-72.

125. Prinssen M, Verhoeven EL, Buth J, Cuypers PW, van Sambeek MR, Balm R, et al. A randomized
trial comparing conventional and endovascular repair of abdominal aortic aneurysms. The New England
journal of medicine. 2004;351(16):1607-18.

126. Greenhalgh RM, Brown LC, Kwong GP, Powell JT, Thompson SG. Comparison of endovascular
aneurysm repair with open repair in patients with abdominal aortic aneurysm (EVAR trial 1), 30-day operative
mortality results: randomised controlled trial. Lancet (London, England). 2004;364(9437):843-8.

127. De Bruin JL, Baas AF, Buth J, Prinssen M, Verhoeven EL, Cuypers PW, et al. Long-term outcome
of open or endovascular repair of abdominal aortic aneurysm. The New England journal of medicine.
2010;362(20):1881-9.

128. Lederle FA, Freischlag JA, Kyriakides TC, Padberg FT, Jr., Matsumura JS, Kohler TR, et al.
Outcomes following endovascular vs open repair of abdominal aortic aneurysm: a randomized trial. Jama.
2009;302(14):1535-42.

129. Lederle FA, Freischlag JA, Kyriakides TC, Matsumura JS, Padberg FT, Jr., Kohler TR, et al. Long-
term comparison of endovascular and open repair of abdominal aortic aneurysm. The New England journal of
medicine. 2012;367(21):1988-97.

72



130. Becquemin JP, Pillet JC, Lescalie F, Sapoval M, Goueffic Y, Lermusiaux P, et al. A randomized
controlled trial of endovascular aneurysm repair versus open surgery for abdominal aortic aneurysms in low-
to moderate-risk patients. Journal of vascular surgery. 2011;53(5):1167-73.e1.

131. Endovascular aneurysm repair and outcome in patients unfit for open repair of abdominal
aortic aneurysm (EVAR trial 2): randomised controlled trial. Lancet (London, England). 2005;365(9478):2187-
92.

132. Sweeting MJ, Patel R, Powell JT, Greenhalgh RM. Endovascular Repair of Abdominal Aortic
Aneurysm in Patients Physically Ineligible for Open Repair: Very Long-term Follow-up in the EVAR-2
Randomized Controlled Trial. Annals of surgery. 2017;266(5):713-9.

133. Powell JT, Sweeting MJ, Thompson MM, Ashleigh R, Bell R, Gomes M, et al. Endovascular or
open repair strategy for ruptured abdominal aortic aneurysm: 30 day outcomes from IMPROVE randomised
trial. BMJ (Clinical research ed). 2014;348:f7661.

134. Endovascular strategy or open repair for ruptured abdominal aortic aneurysm: one-year
outcomes from the IMPROVE randomized trial. European heart journal. 2015;36(31):2061-9.
135. Comparative clinical effectiveness and cost effectiveness of endovascular strategy v open

repair for ruptured abdominal aortic aneurysm: three year results of the IMPROVE randomised trial. BMJ
(Clinical research ed). 2017;359:j4859.

136. Reimerink JJ, Hoornweg LL, Vahl AC, Wisselink W, van den Broek TA, Legemate DA, et al.
Endovascular repair versus open repair of ruptured abdominal aortic aneurysms: a multicenter randomized
controlled trial. Annals of surgery. 2013;258(2):248-56.

137. Desgranges P, Kobeiter H, Katsahian S, Bouffi M, Gouny P, Favre JP, et al. Editor's Choice -
ECAR (Endovasculaire ou Chirurgie dans les Anevrysmes aorto-iliagues Rompus): A French Randomized
Controlled Trial of Endovascular Versus Open Surgical Repair of Ruptured Aorto-iliac Aneurysms. European
journal of vascular and endovascular surgery : the official journal of the European Society for Vascular Surgery.
2015;50(3):303-10.

138. Malbrain ML, Cheatham ML, Kirkpatrick A, Sugrue M, Parr M, De Waele J, et al. Results from
the International Conference of Experts on Intra-abdominal Hypertension and Abdominal Compartment
Syndrome. I. Definitions. Intensive Care Med. 2006;32(11):1722-32.

139. Ersryd S, Djavani-Gidlund K, Wanhainen A, Bjorck M. Editor's Choice - Abdominal
Compartment Syndrome After Surgery for Abdominal Aortic Aneurysm: A Nationwide Population Based Study.
European journal of vascular and endovascular surgery : the official journal of the European Society for
Vascular Surgery. 2016;52(2):158-65.

140. Rubenstein C, Bietz G, Davenport DL, Winkler M, Endean ED. Abdominal compartment
syndrome associated with endovascular and open repair of ruptured abdominal aortic aneurysms. Journal of
vascular surgery. 2015;61(3):648-54.

141. Ali MM, Flahive J, Schanzer A, Simons JP, Aiello FA, Doucet DR, et al. In patients stratified by
preoperative risk, endovascular repair of ruptured abdominal aortic aneurysms has a lower in-hospital
mortality and morbidity than open repair. Journal of vascular surgery. 2015;61(6):1399-407.

142. Makar RR, Badger SA, O'Donnell ME, Soong CV, Lau LL, Young IS, et al. The impact of
endovascular repair of ruptured abdominal aortic aneurysm on the gastrointestinal and renal function.
International journal of vascular medicine. 2014;2014:178323.

143. Alter DA, Naylor CD, Austin P, Tu JV. Effects of socioeconomic status on access to invasive
cardiac procedures and on mortality after acute myocardial infarction. The New England journal of medicine.
1999;341(18):1359-67.

144. Kaplan GA, Keil JE. Socioeconomic factors and cardiovascular disease: a review of the
literature. Circulation. 1993;88(4 Pt 1):1973-98.
145. Jakobsen L, Niemann T, Thorsgaard N, Thuesen L, Lassen JF, Jensen LO, et al. Dimensions of

socioeconomic status and clinical outcome after primary percutaneous coronary intervention. Circulation
Cardiovascular interventions. 2012;5(5):641-8.

146. Frederiksen BL, Osler M, Harling H, Ladelund S, Jorgensen T. The impact of socioeconomic
factors on 30-day mortality following elective colorectal cancer surgery: a nationwide study. Eur J Cancer.
2009;45(7):1248-56.

147. Morris EJ, Taylor EF, Thomas JD, Quirke P, Finan PJ, Coleman MP, et al. Thirty-day
postoperative mortality after colorectal cancer surgery in England. Gut. 2011;60(6):806-13.

148. Smith JJ, Tilney HS, Heriot AG, Darzi AW, Forbes H, Thompson MR, et al. Social deprivation
and outcomes in colorectal cancer. The British journal of surgery. 2006;93(9):1123-31.

149. Ostberg V, Vagero D. Socio-economic differences in mortality among children. Do they persist
into adulthood? Soc Sci Med. 1991;32(4):403-10.

73



150. Adas ZA, Nypaver TJ, Shepard AD, Weaver MR, Ryan JT, Huang J, et al. Survival after abdominal
aortic aneurysm repair is affected by socioeconomic status. Journal of vascular surgery. 2018.

151. Marmot M. The influence of income on health: views of an epidemiologist. Health Aff
(Millwood). 2002;21(2):31-46.

152. Hu YR, Goldman N. Mortality differentials by marital status: an international comparison.
Demography. 1990;27(2):233-50.

153. Martikainen P, Martelin T, Nihtila E, Majamaa K, Koskinen S. Differences in mortality by
marital status in Finland from 1976 to 2000: analyses of changes in marital-status distributions, socio-
demographic and household composition, and cause of death. Popul Stud (Camb). 2005;59(1):99-115.

154. Ben-Shlomo Y, Smith GD, Shipley M, Marmot MG. Magnitude and causes of mortality
differences between married and unmarried men. J Epidemiol Community Health. 1993;47(3):200-5.

155. Herndon JE, 2nd, Kornblith AB, Holland JC, Paskett ED. Effect of socioeconomic status as
measured by education level on survival in breast cancer clinical trials. Psychooncology. 2013;22(2):315-23.
156. Albano JD, Ward E, Jemal A, Anderson R, Cokkinides VE, Murray T, et al. Cancer mortality in
the United States by education level and race. J Natl Cancer Inst. 2007;99(18):1384-94.

157. Cavelaars AE, Kunst AE, Geurts JJ, Crialesi R, Grotvedt L, Helmert U, et al. Educational
differences in smoking: international comparison. BMJ (Clinical research ed). 2000;320(7242):1102-7.

158. Ward H, Tarasuk V, Mendelson R. Socioeconomic patterns of obesity in Canada: modeling the
role of health behaviour. Appl Physiol Nutr Metab. 2007;32(2):206-16.

159. Public Health Report 2016: The Pubic Health Agency in Sweden; 2016. Available from:
https://www.folkhalsomyndigheten.se/pagefiles/23257/Folkhalsan-i-Sverige-2016-16005.pdf.

160. Messer LC, Laraia BA, Kaufman JS, Eyster J, Holzman C, Culhane J, et al. The development of a
standardized neighborhood deprivation index. J Urban Health. 2006;83(6):1041-62.

161. Bell N, Hayes MV. The Vancouver Area Neighbourhood Deprivation Index (VANDIX): a census-

based tool for assessing small-area variations in health status. Can J Public Health. 2012;103(8 Suppl 2):528-
32.

162. Morgan O, Baker A. Measuring deprivation in England and Wales using 2001 Carstairs scores.
Health Stat Q. 2006(31):28-33.

163. Birkmeyer NJ, Gu N, Baser O, Morris AM, Birkmeyer JD. Socioeconomic status and surgical
mortality in the elderly. Medical care. 2008;46(9):893-9.

164. Ultee KH, Bastos Goncalves F, Hoeks SE, Rouwet EV, Boersma E, Stolker RJ, et al. Low
Socioeconomic Status is an Independent Risk Factor for Survival After Abdominal Aortic Aneurysm Repair and
Open Surgery for Peripheral Artery Disease. European journal of vascular and endovascular surgery : the
official journal of the European Society for Vascular Surgery. 2015;50(5):615-22.

165. Khashram M, Pitama S, Williman JA, Jones GT, Roake JA. Survival Disparity Following
Abdominal Aortic Aneurysm Repair Highlights Inequality in Ethnic and Socio-economic Status. European
journal of vascular and endovascular surgery : the official journal of the European Society for Vascular Surgery.
2017;54(6):689-96.

166. Diderichsen F, Andersen I, Manuel C, Andersen AM, Bach E, Baadsgaard M, et al. Health
inequality--determinants and policies. Scand J Public Health. 2012;40(8 Suppl):12-105.
167. Ulug P, Powell JT, Sweeting MJ, Bown MJ, Thompson SG. Meta-analysis of the current

prevalence of screen-detected abdominal aortic aneurysm in women. The British journal of surgery.
2016;103(9):1097-104.

168. Vande Geest JP, Dillavou ED, Di Martino ES, Oberdier M, Bohra A, Makaroun MS, et al. Gender-
related differences in the tensile strength of abdominal aortic aneurysm. Ann N Y Acad Sci. 2006;1085:400-2.
169. Villard C, Eriksson P, Hanemaaijer R, Lindeman JH, Hultgren R. The composition of collagen in
the aneurysm wall of men and women. Journal of vascular surgery. 2017;66(2):579-85.e1.

170. Deery SE, Schermerhorn ML. Should Abdominal Aortic Aneurysms in Women be Repaired at
a Lower Diameter Threshold? Vasc Endovascular Surg. 2018:1538574418773247.

171. Matyal R, Shakil O, Hess PE, Lo R, Jainandunsing JS, Mahmood B, et al. Impact of gender and

body surface area on outcome after abdominal aortic aneurysm repair. American journal of surgery.
2015;209(2):315-23.

172. Mofidi R, Goldie VJ, Kelman J, Dawson AR, Murie JA, Chalmers RT. Influence of sex on
expansion rate of abdominal aortic aneurysms. The British journal of surgery. 2007;94(3):310-4.
173. McPhee J, Eslami MH, Arous EJ, Messina LM, Schanzer A. Endovascular treatment of ruptured

abdominal aortic aneurysms in the United States (2001-2006): a significant survival benefit over open repair
is independently associated with increased institutional volume. Journal of vascular surgery. 2009;49(4):817-
26.

74



174. De Rango P, Simonte G, Manzone A, Farchioni L, Cieri E, Verzini F, et al. Mortality Risk for
Ruptured Abdominal Aortic Aneurysm in Women. Annals of vascular surgery. 2017;39:143-51.

175. Mureebe L, Egorova N, McKinsey JF, Kent KC. Gender trends in the repair of ruptured
abdominal aortic aneurysms and outcomes. Journal of vascular surgery. 2010;51(4 Suppl):9s-13s.

176. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C, et al. External review
and validation of the Swedish national inpatient register. BMC Public Health. 2011;11:450.

177. Brooke HL, Talback M, Hornblad J, Johansson LA, Ludvigsson JF, Druid H, et al. The Swedish
cause of death register. Eur J Epidemiol. 2017;32(9):765-73.

178. Shojania KG, Burton EC, McDonald KM, Goldman L. Changes in rates of autopsy-detected
diagnostic errors over time: a systematic review. Jama. 2003;289(21):2849-56.

179. Venermo M, Lees T. International Vascunet Validation of the Swedvasc Registry. European

journal of vascular and endovascular surgery : the official journal of the European Society for Vascular Surgery.
2015.

180. Ulug P, Sweeting MJ, von Allmen RS, Thompson SG, Powell JT. Morphological suitability for
endovascular repair, non-intervention rates, and operative mortality in women and men assessed for intact
abdominal aortic aneurysm repair: systematic reviews with meta-analysis. Lancet (London, England).
2017;389(10088):2482-91.

181. Schlosser FJ, Gusberg RJ, Dardik A, Lin PH, Verhagen HJ, Moll FL, et al. Aneurysm rupture after
EVAR: can the ultimate failure be predicted? European journal of vascular and endovascular surgery : the
official journal of the European Society for Vascular Surgery. 2009;37(1):15-22.

182. Powell JT, Sweeting MJ, Ulug P, Thompson MM, Hinchliffe RJ. Editor's Choice - Re-
interventions After Repair of Ruptured Abdominal Aortic Aneurysm: A Report From the IMPROVE Randomised
Trial. European journal of vascular and endovascular surgery : the official journal of the European Society for
Vascular Surgery. 2018;55(5):625-32.

183. Powell JT, Gotensparre SM, Sweeting MJ, Brown LC, Fowkes FG, Thompson SG. Rupture rates
of small abdominal aortic aneurysms: a systematic review of the literature. European journal of vascular and
endovascular surgery : the official journal of the European Society for Vascular Surgery. 2011;41(1):2-10.

184. Filardo G, Powell JT, Martinez MA, Ballard DJ. Surgery for small asymptomatic abdominal
aortic aneurysms. The Cochrane database of systematic reviews. 2015(2):Cd001835.

185. Darling RC, Messina CR, Brewster DC, Ottinger LW. Autopsy study of unoperated abdominal
aortic aneurysms. The case for early resection. Circulation. 1977;56(3 Suppl):1i161-4.

186. Lindquist Liljeqvist M, Hultgren R, Gasser TC, Roy J. Volume growth of abdominal aortic
aneurysms correlates with baseline volume and increasing finite element analysis-derived rupture risk. Journal
of vascular surgery. 2016;63(6):1434-42 e3.

187. Lindquist Liljeqvist M, Hultgren R, Siika A, Gasser TC, Roy J. Gender, smoking, body size, and
aneurysm geometry influence the biomechanical rupture risk of abdominal aortic aneurysms as estimated by
finite element analysis. Journal of vascular surgery. 2017;65(4):1014-21.e4.

188. Wallach-Kildemoes H, Andersen M, Diderichsen F, Lange T. Adherence to preventive statin
therapy according to socioeconomic position. Eur J Clin Pharmacol. 2013;69(8):1553-63.
189. Zarrouk M, Holst J, Malina M, Lindblad B, Wann-Hansson C, Rosvall M, et al. The importance

of socioeconomic factors for compliance and outcome at screening for abdominal aortic aneurysm in 65-year-
old men. Journal of vascular surgery. 2013;58(1):50-5.

190. Giskes K, van Lenthe FJ, Turrell G, Brug J, Mackenbach JP. Smokers living in deprived areas are
less likely to quit: a longitudinal follow-up. Tob Control. 2006;15(6):485-8.

191. Aber A, Tong TS, Chilcott J, Thokala P, Maheswaran R, Thomas SM, et al. Sex differences in
national rates of repair of emergency abdominal aortic aneurysm. The British journal of surgery. 2018.

192. Hamilton H, Constantinou J, lvancev K. The role of permissive hypotension in the management
of ruptured abdominal aortic aneurysms. J Cardiovasc Surg (Torino). 2014;55(2):151-9.

193. Mell MW, O'Neil AS, Callcut RA, Acher CW, Hoch IR, Tefera G, et al. Effect of early plasma
transfusion on mortality in patients with ruptured abdominal aortic aneurysm. Surgery. 2010;148(5):955-62.
194. Montan C, Hammar U, Wikman A, Berlin E, Malmstedt J, Holst J, et al. Massive Blood

Transfusion in Patients with Ruptured Abdominal Aortic Aneurysm. European journal of vascular and
endovascular surgery : the official journal of the European Society for Vascular Surgery. 2016;52(5):597-603.
195. Jemal A, Ward E, Anderson RN, Murray T, Thun MJ. Widening of socioeconomic inequalities
in U.S. death rates, 1993-2001. PLoS One. 2008;3(5):e2181.

75



Jag har fétterna i poolen

Inte fotterna pa jorden
Huvudet bland molnen

Om inte huvudet ar pa manen

— Sakarias



