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Abstract
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Aortic Aneurysm (AA) is a life-threatening condition when ruptured (RAA), requiring
immediate repair for survival. Since the 50’s, open repair, replacing the diseased vessel with
a prosthetic (synthetic) graft, has been the gold standard. In the 90's, a new minimal invasive
surgical technique, endovascular aneurysm repair (EVAR) was developed and has since become
the dominant surgical method of choice in RAA treatment. The aim of this thesis is to assess
trends in epidemiology, treatment and outcome of aortic aneurysms, with special focus on RAA.

Paper I is a population-based registry study of all surgical procedures performed for ruptured
abdominal aortic aneurysm (RAAA) in Sweden 2008-2012. In this time period, some centres
adhered to a distinct EVAR first strategy for treatment of RAAA, whilst others primarily
performed open repair for RAAA. The analysis demonstrated no difference in mortality
comparing centres with EVAR or open repair as primary treatment strategy.

Paper 1I is a nationwide population-based register study presenting the epidemiology of
all RAAA in Sweden from 1994 to 2013. The study demonstrated a decreasing mortality in
RAAA over time, due to the combination of a falling incidence, increasing hospital admissions
and increasing proportion of patients undergoing surgical repair. The survival after surgical
intervention improved over time, mainly due to the introduction of EVAR.

Paper III is a nationwide population-based register study to investigate long-term survival
after ruptured abdominal aortic aneurysms (RAAA) repair in Sweden during twenty-four years
(1994-2017). The study found that the long-term survival has improved over time, mainly
explained by improved perioperative survival, despite that the operated patients generally
became older and more fragile.

Paper 1V is a nationwide population-based register study covering the time period 1997 to
2017, assessing the epidemiology of operated intact and ruptured descending thoracic aortic
aneurysms (dTAA and RATAA) in Sweden. This analysis shows increased incidence of intact
dTAA repair due to broad introduction of thoracic EVAR (TEVAR). Early postoperative
mortality decreased, despite an increasing proportion of those undergoing repair being >80 years
and with more comorbidities. No changes on incidence or mortality was detected among RATAA
repairs.

In conclusion, modern treatment of aortic disease with endovascular techniques has resulted
in a significant change in practice for treatment of RAA, and dTAA. The above-mentioned
nationwide population-based register studies indicate that EVAR/TEVAR have resulted in
improved survival of patients suffering from RAAA and the results after dTAA repair have
improved.
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Introduction

An aortic aneurysm is a silent disease that frequently does not cause the indi-
vidual affected by it any harm or pain, until the day it ruptures. Suddenly, the
immediate chance of survival is between 10-20%. If the patient with an aortic
rupture is fortunate enough to reach a hospital alive, which approximately
50% of all ruptures do ', the chance of survival increases to 40-50%. For pa-
tients undergoing surgery, chance of survival is 60-70% **.

Aortic aneurysm is a widening (dilatation) of the aorta due to pathological
weakening of the aortic wall. The majority of AA are localized in the infrare-
nal abdominal aorta (AAA), whilst some are located in the thoracic aorta
(TAA) or other aortic locations such as the aortic arch or paravisceral aorta.
The pathophysiological mechanisms causing AA are multifactorial, and not
entirely known. Risk factors associated with AA include male gender, age,
smoking, heredity, genetic disorders and presence of cardiovascular disease.
There are several definitions of AA. Common definitions are >50% increase
in aortic diameter compared to the adjacent proximal aortic segment, or 50%
larger diameter of the aorta than the expected > °. The clinically useful defini-
tion for AA however is a maximum aortic diameter of 30 mm (particularly for
the infrarenal aorta) or more "®. The shape of the aneurysms may be fusiform,
saccular or multi-lobular.

This thesis assesses the epidemiology, treatment and outcome of aortic an-
eurysms in Sweden, with special focus on ruptures, in the context of changing
surgical technique.
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Background

History of aortic surgery

The term “ruptured aortic aneurysm” originates from Greek and Latin. Rup-
ture originates from the Latin rupture, "the breaking" from past participle stem
of rumpere "to break”. The term aorta originates from the ancient Greek word
“dootn” aorte and derives from the verb “doptém” aorteo and means “to be
hung up” or “to raise”. The word aneurysm is from the Greek “avevpvopa”
aneurysma which has the meaning, “a widening/an opening” * '°. The first
description of aneurysms is in The Ebers Papyrus '!, dating back to around
2000 Bc. In these scrolls the first recommendation regarding aneurysmal treat-
ment is described.

Antyllus '2, a Greek surgeon of the 2™ century AD, left the earliest record
of therapy for aneurysms. After that a few advances were made on the surgical
approach to aneurysms, but Vesalius (1514-1564), a Belgian anatomist and
physician, was the first who described aortic aneurysms in 1554 '*. The fol-
lowing 400 years was followed with numerous aneurismal treatment tech-
niques based on different ligation strategies. It was not until Matas (1860-
1957) ligated an AA successfully in 1923 that it was considered possible to
treat AA. Matas had earlier developed endoaneurysmoraphy (1888) as a treat-
ment for aneurysms in general. Other experimental operative techniques fol-
lowed such as needling, wiring, proximal banding, cellophane wrapping (used
to operate on Albert Einstein) and electrocoagulation ', In 1951, the first suc-
cessful reconstructive AAA repair were performed by Dubost '°, using an aor-
tic homograft. One month prior to Dubost’s success, Freeman and Leeds '°
restored arterial continuity with an iliac vein as a graft but this patient died 6
hours after surgery. Later that year, Freeman operated three more patients ap-
plying the same technique, with good results in one of them.

In 1953 Bahnson '” was credited for the first successful ruptured AAA
(RAAA) repair. The poor availability of aortic homograft fuelled the develop-
ment of synthetic aortic substitute starting with Vinyon-N cloth (1952) '8, Tef-
lon and later, still today used, Dacron in1958 19

Before entering the modern era of AA and RAA treatment a short comment
on diagnosis must be made. In 1895, Roentgen discovered the X-ray that
would become one of the cornerstones of the diagnostics of AA, leading to the
modern CT-scan. The other is the development of ultrasound in the 1950"s %°.
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These two discoveries are what today define modern aneurysm diagnostics,
morphological assessment and basis for surgical intervention strategies.

In the 1980s, Volodos had an idea of less invasive approach to treat AA
and started with different innovative experiments, developing catheter-based
approaches to treat aortic aneurysms. In 1986 he could use a hybrid approach
to AA repair for the first time *'. This new technique didn’t reach worldwide
recognition until Parodi ** in 1991, published his paper “Trans femoral intralu-
minal graft implantation for abdominal aortic aneurysms”.

In 1994, endovascular repair of a ruptured abdominal aneurysm was first per-
formed in Nottingham, UK * and for ruptured thoracic aneurysm described
by Semba et al in 1997 .

Aneurysm histology and pathology

The aortic wall is basically composed of three different layers. An inner layer
(tunica intima), that has a surface of endothelial cells, attached to the basement
membrane and are in direct contact with the blood. A middle layer (tunica
media), containing elastin, collagen and smooth muscle cells. The third and
last layer (tunica adventitia), is the outer layer containing a structure of colla-
gen, fibroblasts and the aortic wall's own blood vessels, vasa vasorum.

Tunica intima:
endothelium

Tunica
media:

Tunica
adventitia

Figure 1. Layers of the aortic wall. Reproduced with permission from A.D.A.M.im-
ages© 2021 Ebix, Inc.www.adamimages.com.

The aortic wall weakens during the formation of an aneurysm. This occurs
mainly because of a degradation of the connective tissue due to an increased
proteolytic activity of matrix metalloproteinases, responsible for the degener-
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ation of elastic lamellae and extracellular matrix proteins. A chronic inflam-
mation leads to the infiltration of macrophages, neutrophils, mast cells and
lymphocytes ** ?® affecting the media and adventitia. This leads to a disturb-
ance in the normal balance between tissue inhibitor metalloproteinase and ma-
trix metalloproteinase favouring an enhanced matrix degradation and loss of
mechanical strength.

The pathogenesis in AAA and dTAA differs in that way that, AAA is more
related to atherosclerotic process while TAA has a large genetic component.
People with TAAs have a family history of aortic disease in 20-25% in form
of Marfan, Vascular Ehlers- Danlos, Loeys- Dietz Syndrome ore other types
of genetic disorders *'.

The underlying mechanisms for developing AA is very complex and still
not fully understood.

Epidemiology

Prevalence

AAA

An autopsy study from 1992 ** with an autopsy rate of 85% concluded that
4.3% among men and 2.1% among women in Malmo, Sweden had an ab-
dominal aortic aneurysm. Since then, the autopsy rate has declined in Sweden
and was in 2017 only 7% ?°. Other studies, based on ultrasound screening pro-
grams during the 1980s and 1990s found the prevalence to be 4-7.6% in men
and 1% among women **3?. The prevalence of AAA increases with age and
has a strong association with increasing years of smoking and cigarettes
smoked *. Recent studies based on screening on 65-year old men, indicate a
decreasing prevalence in AAA reporting a prevalence of 1.3% in the UK and
1.5% in Sweden 2014 2>3* 35 Contemporary reports among women of the
same age and area, display a prevalence of 0.43% and among women 70-75-
years of age 0.5-1.1% %37, The decreasing prevalence of AAA in men is ex-
plained mainly as a result of reduced smoking ** and treatment of other cardi-
ovascular risk factors and lifestyle changes *°.

dTAA

The knowledge/data on the prevalence of dTAA are scarce, not up to date and
heavily burdened by selection and publication bias. It requires imaging in form
of CT or Magnetic resonance imaging (MRI) to detect dTAA. Existing litera-
ture reports a prevalence of dTAA to 3.5-10.4/100,000 person-years “*** and
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a imaging study from Japan on subjects between 50-70 years of age, found a
prevalence of 0.06% *.

Incidence of aortic rupture

Ruptured Abdominal Aortic Aneurysm (RAAA)

Most studies on RAAA incidence are based on autopsy reports or mortality
statistics 2 *** or studies of small aneurysms in a prospective setting %’
These studies demonstrated an increase in RAAA incidence over time with an
incidence between 14.7-21.3/100,000 person-years > *>*®, Contemporary re-
ports however, indicate a decrease in rupture incidence to 4.0-12.8/100,000
person-years >*°! mainly explained by decreasing prevalence of AAA. Some
12.6-18.0 % of all RAAA occur in men below the age of 65 **°' Mean
patient age at the time of rupture is typically 75-79 years ***” and approxi-
mately 75% of all ruptures occur in men.

The decreasing prevalence of AAA in some countries also reflects a declin-
ing incidence of rupture **>*, However, an increase in burden of aortic aneu-
rysm disease has been reported in some countries and global areas. The vari-
ations are not only in mortality but also in the incidence of RAAA ¥, Very
few contemporary reports include ruptures that do not undergo surgical treat-
ment, i.e. ruptures that are never admitted to any healthcare facility or not un-
dergo surgery after hospital admission.

Ruptured descending thoracic aortic aneurysm (RATAA)

Studies on RATAA incidence are, like studies on the prevalence of dTAA,
scarce. An RATAA incidence of 2.5/100,000 person-years has been reported
*. Other reports have concluded that the incidence of thoracic aortic disease
and the surgical activity of RATAA is increasing °"* % in contrast to AAA in-
cidence . Mean patient age at the time of ruptured dTAA is somewhat lower
compared to RAAA at 71-74 years >, The gender distribution in RATAA is

also different and is more even (1-1.7:1; Male:Female ratio) *'- >,

Natural course of AA and risk of rupture

AAA

An aortic aneurysm, no matter where it is located, has the tendency to gradu-
ally expand over time. How much and how fast an aneurysm will grow varies
between individuals. Mean expansion rate has been estimated to 2-3 mm per
year  but generally, larger aneurysms grow faster with an estimated expan-
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sion of 5-10% per year °* 7. The most significant factor associated with in-
creased growth rate is smoking, while presence of diabetes is associated with
slower growth rate ©’. Several clinical trials with drug therapy have been car-
ried out without being able to prove any effect on expansion rate despite past
associations and observational studies. Recently, it is hypothesized that the
reduced risk of AAA expansion in diabetic patients may be an effect of met-
formin treatment ®7° in many diabetics; thus studies are under way to evaluate
the effect of metformin on AAA growth rate among non-diabetic AAA pa-
tients . Hypertension, female gender and continued smoking have been as-
sociated to an increased risk of rupture. In a prospective study among patients
with AAA of 40-55 mm, risk of rupture was four times higher among women
than among men *’. The mean size of the aneurysm at rupture has been re-
ported to be 7 to 8 cm °*7? and the risk of rupture increases with aneurysm
size. While most ruptures occur in large AAAs, small aneurysms may also
rupture. The mean risk of rupture of aneurysms of 3.0-5.5 cm in diameter is
estimated at 1.0-1.6% per year "> and in Finland, 5.6% of all ruptures in men
and 11.5% of ruptures among women occurred in those having an AAA di-
ameter below 5.5 cm 2,

Other factor to take in consideration to estimate rupture risk are aneurysm
morphology and growth rate.

Table 1. The estimated rupture risk per year in %, based on aneurysm diameter.

Diameter, mm Rupture risk %, per year Data source
30-55 mm 1.6 % Powell JT etal ™
55-59 mm 3.5% Parkinson, F 7°
60-70 mm 10-20 % Lederle FA et al 7
70-80 mm 30-40 % Lederle FA etal

>80 mm 30-50 % Lederle FA et al 7
dTAA

The expansion rate of dTAA and the associated factors are largely shared with
the natural course of AAA and that larger diameters AA tend to expand faster
777 Depunt et al followed 67 dTAA patients with CT-scans every 6-months
until they fulfilled the indications for operative treatment and found that ex-
cept for history of smoking, hypertension (elevated diastolic blood pressure)
particularly was associated with dTAA growth *. Female sex also tends to
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have an elevated risk of rupture *'. The diameter of the dTAA is the risk factor
that most clearly predicts the risk of yearly rupture according to ESVS guide-
lines on management of dTAA *2. The rupture risk is estimated at 15% at di-

ameter >60 mm and approaches 50% when it reaches >70 mm in diameter ’”
83,84
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Aortic aneurysm repair

Management of ruptured AA

Ruptured aortic aneurysm is a deadly condition with a reported overall mor-
tality 80-97% depending on where the aneurysm is located **. Data indicates
that RAA is the cause of death in nearly 1% of the male population >60 years
of age in Sweden®. A major concern is that roughly half of the patients with
RAAA die outside the hospital prior to reaching medical care ** *. Similar
data regarding RATAA are not readily available. Symptoms of RAA are chest,
abdominal or back pain not rarely in combination, palpable pulsatile ab-
dominal mass (in case of abdominal aortic aneurysm rupture) and hypoten-
sion. Ultrasound can be useful to diagnose RAAA in the emergency room but
CT angiography is the most accurate diagnostic method to assess presence of
aortic rupture regardless of location ¥. CT will also give guidance for what
type of surgical approach each patient will be suitable for and is an invaluable
tool in the preparation of surgery. After diagnosis is made the recommenda-
tion is permissive hypotension for patients with RAA %7,

Among all patients who reach hospital, the rate for surgery are reported at
20-87% where RATAA-rate is in the lower end *** %% The classic way to
operate a RAA is open surgical repair but as minimal invasive endovascular
repair have been developed as a method of choice, endovascular repair has
become increasingly used ¥,

Open Surgical Repair

Open surgical repair (OSR) of an AA is a surgical procedure associated with
a high risk of mortality and morbidity due to its stress on the patient from
blood loss and aortic clamping. It has traditionally been the only operation
available 24/7 for ruptures at most hospitals. The patient is operated under
general anaesthesia. Depending on which part of the aorta needs to be ex-
posed, the aorta will be accessible via a long midline, rooftop incision (with
or without a retroperitoneal approach) or a thoracotomy, with a cross-clamping
of the neck of the RAA and the iliac arteries. The aneurysm sac is thereafter
opened up and a graft is sutured to replace the aneurysm. The complexity of
the operation varies with the location of the rupture, and with this also the risk
of complications varies.
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OPEN SURGERY REPAIR

Abdominal
aorta

Blood flows
through graft

Aneurysm _—_f-_

Graft sewn £
in place .

ENDOVASCULAR STENT-GRAFT REPAIR

Blood flows Abdominal
through stent-graft aorta
No flow in

aneurysm sac

Endovascular
stent-graft in place

Figure 2. Open and endovascular repair. Reproduced with permission from: Dalman
RL, Mell M. Overview of abdominal aortic aneurysm. © 2018UpToDate, Inc.
www.uptodate.com.

Endovascular aneurysm repair

Endovascular aortic repair (EVAR) is today the method of choice for treat-
ment of intact AAA in many countries and is the surgical method in 5-40% of
the treated RAAA cases in an international comparison ’*. The most recent
guideline from the European Society for Vascular Surgery (ESVS) 2019, on
management of RAAA stated “In patients with ruptured abdominal aortic an-
eurysm and suitable anatomy, endovascular repair is recommended as a first
option” ¥, In Sweden, >60% of all RAAAs underwent surgery with EVAR in
2020 °'. The use of EVAR for RAAA not only varies among countries, but
there are major differences between regions in different countries >3 *°. For
treatment of dTAA and RATAA, thoracic endovascular aortic repair (TEVAR)
has during last decade become more and more dominant as the surgical
method of choice with reported share of 36-90% %%,
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An endovascular procedure is, in comparison to OSR, a minimally invasive
operation where the patient is operated preferably under local anaesthesia. The
aorta will be accessible via a percutaneous puncture in the femoral arteries
which reduces the hemodynamic effect and the risk of perioperative blood
loss. With guidance of fluoroscope, a stent graft is deployed into the aorta to
exclude the aneurysm from blood flow and seal the rupture in acute cases. The
puncture site is thereafter closed with a percutaneous closure device or open
cut-down with sealing sutures to the femoral arteries, leaving 1-5 cm long in-
cision in each groin.

EVAR and TEVAR require an aortic morphology suitable for endovascular
repair and also measurements to determine the correct size of the stent grafts.
Therefore, a preoperative CT-aortography is mandatory in order to perform an
endovascular procedure. The procedure also requires an operating theatre with
the ability to use a fluoroscope, and surgeons or interventionists used to the
technique.

Incomplete sealing results in early or late endoleaks, which may result in
surgical failure and death due to haemorrhage. Due to the fact that endoleaks
may occur over time after EVAR/TEV AR, long-term imaging follow-up after
the procedure is required 579394,

Surgical Outcomes

RAAA

A meta-analysis of 50 years of RAAA repair (publications 1955-2000) dis-
played an overall postoperative mortality rate of 48% and a reduction in early
mortality after surgery for rupture with 3.5% per decade”. In more recent
studies, overall mortality rate after RAAA surgery varies between 28-35% °"
36.72.96.97 in mixed settings of EVAR and OSR, suggesting that an increased
use of EVAR improves 30-day mortality rate. Several observations and regis-
try studies support this and report an early mortality rate of 7-24% after EVAR
procedure for rupture *>°%7>% but one must keep in mind, all RAAAs do not
have a suitable morphology to be operated with EVAR so selection bias often
occurs. The theory is that EVAR reduces the operative trauma, reduces blood
loss, avoids cross clamping of the aorta and reduces the ischemic time of the
lower body.

Based on the four randomised controlled trials that have been conducted,
the Cochrane Library concluded that the short-term survival did not differ be-
tween EVAR and OSR *°, Table 2. The results from the most contemporary
RCT’s, however, verified improved 3-year survival after EVAR compared to
open repair '%. The current European Society for Vascular Surgery guideline
recommends EVAR as primary strategy for treatment of ruptures if anatomi-
cally suitable '°'. However, provision of around the clock EVAR services for
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treatment of RAAA requires both access to adequate technology (fluoroscopy,
hybrid operating theatre, stent graft stocks), as well as endovascular know-
how among on call surgical/interventional staff. Therefore, many hospitals
still rely on open repair as the primary technique for treatment of ruptures
during on call hours.

Table 2. 30-day mortality in the RCT's (randomized controlled trials) and Study 1
(strategy mortality), which compares OSR with EVAR of RAAA.

. Study N of 30 day 1 year
Trials Period Country patients mortality mortality
EVAR OSR EVAR OSR
Improve 2014 %6122 2009-2013 UK 613  35% 31% 41% 44%
AJAX 2013 7 2004-2011 Netherlands 116 21% 25% Na Na

ECAR 2015 103 2008-2013 France 107 20% 24% 30% 35%

Hinchliffe 2006 '  2002-2004 UK 32 53% 53% Na Na

Gunnarsson 2016 ¢ 2008-2012 Sweden 1304 28% 27% 40% 35%

N= number, Na= not available

Complications after RAAA repair include cardiac events, renal failure and
respiratory failure, complications that are associated with all major surgery
with a risk of massive bleeding and circulatory effects. More specifically
linked complications to RAAA are abdominal compartment syndrome (ACS)
and bowel ischemia. ACS is a condition with intra-abdominal hypertension
that causes organ dysfunction or failure, occurring in 3.5-7.5% of all RAAA
repair '°> % Bowel ischemia is the result of impaired circulation, affecting
the layers of the colon wall and occurs after RAAA repair in 15-36% of the
cases 1% All of the above mentioned complications contribute to increased
mortality after RAAA repair

RATAA

Reports after RATAA surgery in the 80’s displayed a mortality rate of 97-
100% *. More contemporary data indicate a mortality rate (in-hospital or
within 90-days) of 24-50% and a mid-term mortality (1-2 years) closely to
50% in mixed settings of TEVAR and OSR. The same trend as in the treatment
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of RAAA is seen, that endovascular surgery may improve short-term mortality
62.90.109-13 'The most recent data reports 30-day- and 1-year mortality to 16.5%
and 25.3% respectively ''*. All studies on outcome are observational or regis-
try studies, no randomised controlled trial on RATAA has been performed.

Indications for repair on intact dTAA is set for a diameter of 60 mm or
larger according to the ESVS guidelines on management of dTAA 2. This
recommendation is based on that the 60 mm aneurysms carries an annual risk
of rupture of 10% and mortality rates in elective OSR cases reports to 8-13%
(in hospital mortality) ''°. No studies comparing OSR with TEVAR in an elec-
tive setting is yet existing ''®, but a systematic review and meta-analysis con-
cluded that TEVAR was associated with lower 30-day mortality (OR, 0.6;
95% CI, 0.36-0.99) after intact dTAA surgery '''. The most recent data on
intact dTAA operated with TEVAR display an early mortality (in hospital or
30-days) rate of 5.0% > 12,

The rapid development of TEVAR during the last decade to become the
dominant treatment of RATAA is most likely due to the fact that RATAA is
operated at highly specialized vascular centres, with extensive experience in
operating intact dTAA, where it’s possible to offer endovascular solutions
around the clock and therefore been easier to implement.

Feared complications after RATAA repair are paraplegia and stroke, but
also cardiac events, renal failure and respiratory failure.
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Registries

“I am considered eccentric because I say publicly, that if hospitals want to be

sure of getting better, they have to find out what results they have. They have

to analyse their results to find strengths and weaknesses. They have to compare

their results with others. Such views will not be eccentric in a few years”.
-"End Result Idea" Ernest Amory Codman, 1917

The idea of a hospital register, to help physicians monitor and improve the
quality of care delivered, was first presented by the British physician Sir
Thomas Percival (1740-1804) in 1803 '"7.

Ernest Amory Codman (1869-1940) was a surgeon at Massachusetts Gen-
eral Hospital, member of the Harvard medical faculty in Boston, USA and is
considered to be one of the pioneers in evidence-based medicine. Dr Codman
used “End Result Cards”, containing demographic data, diagnosis, the treat-
ment the patient received as well as outcome. Each patient had one year fol-
low-up. With the knowledge he gained from his work he created the “End
Result System” leading to the publication of the “End Result Idea” in 1917.
In early 1920, Codman established a bone tumour registry considered to be
the first quality register (QR) in the world "%,

Swedish national registries

The first document recorded that can be called a registration of a Swedish local
population is dated back to 1620. This was done by the Church of Vésteras to
keep track of conscripts and population census. The “Church act of 1686 laid
the foundation for population statistics, which stated that the Swedish church
was required to keep parish registers in an organized manner '*"'*?, This was
the start of a long tradition of registering Swedish citizens. In 1749 the so-
called “Tabellverket” was introduced, a nationwide reporting system for pop-
ulation statistics in Sweden and was published for the first time in 1764, mak-
ing it to the oldest ongoing population register in the world.

In 1947, a decision was made that all Swedish citizens should have a per-
sonal unique identification number (PIN) with one of the goals being able to
link together the many different registers that were now, or in the future, es-
tablished '**. In 1975, the first Swedish QR (Swedish Knee Arthroplasty Reg-
ister) was established by Professor Géran Bauer in Lund, inspired by Harvard
University after Prof Bauer had worked there for a few years. This was the
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start for surgical quality registers in Sweden. Currently, there are 107 different
health care QRs in Sweden that provide great opportunities to perform unique
registry-based research with national coverage and possibility to inter-link
registries using the unique identification number '** ',

The studies in this thesis are based on patients identified from three na-
tional registries linked by the unique identification number.

Validation of register

Validity: Indicates the extent to which data and findings are true for the stud-
ied population.

Using register data in research has always been debated due to registers’
validity and completeness. For data to be valid, high data quality is required.
High quality data is relevant, complete, accurate and consistent. To ensure the
quality of the data in registers, they should go through a validation process
that includes an internal and external validation. The result of such validations
should preferably be made publicly available.

Internal validation: refers to a validation of the data fields recorded in a reg-
ister, pertinent to a specific individual/patient, and their completeness as well
as accurateness. This is usually done by controlling the register data against
source data (medical records) but also against an alternate source of data, for
example the national patient register.

External validation: 1s a validation of coverage rate of the intended population
that is in the register. As an example, the external validation respond to the
question: Are all the treated patients eligible for inclusion in the current reg-
istry actually included? An independent source of data is used in the validation
process to estimate the degree the specific cases in question are registered, and
evaluate if data missingness is systemic (affected by bias) or random.

The purpose of these validations is to secure that data from QRs represent as
true a picture of the real world as possible, so that results from observational
studies (with data from a validated QR) can be recognized as true. Preferably,
a registry validation should be performed by independent and competent val-

idators'?®.

The Swedish vascular registry

The Swedish vascular registry (Swedvasc) was initiated in 1987, originally
started as Vascular Registry in Southern Sweden (VRISS), and is a prospec-
tive vascular surgical quality registry. It is the second established surgical
quality registry in Sweden '*”'?®, The Swedvasc reached national coverage by
1994 and during the past 30 years, Swedvasc has offered a unique opportunity
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for registry-based research on vascular surgery and generated over 100 scien-
tific publications and several dissertations.

The registry includes data on open surgical and endovascular procedures
performed on peripheral arteries and veins at participating vascular centres.
Swedvasc is validated internally and externally with >90% coverage for AAA
repairs performed in Sweden. Data on short- and long-term survival after re-
pairs is incorporated into the registry through automatic cross-linkage with the
population registry ' *° resulting in 100% accurate mortality data for pa-
tients with the Swedish unique personal identifier number. In 2020, almost
20,000 procedures were registered in the Swedvasc registry. The registry pro-
duces an annual report, based on figures submitted by individual vascular cen-
tres throughout Sweden evaluating the performance of the centres, and these
are published openly since 1997. Ongoing projects are published under Re-
search on Swedvasc website at http://www.ucr.uu.se/swedvasc/forskning/
pagende-projekt.

The National Patient Registry

In 1964, the Swedish National Board of Health and Welfare (NBHW) started
to collect data regarding in-patients at public hospitals. That was the beginning
of The National Patient Registry (NPR) that received full national coverage
1987, due to mandatory participation for all county councils '

The registry today, contains patient data on all out-patient and in-patient
health care contacts, including data on gender, age, place of residence, hospi-
tal/clinic, date of admission and discharge, length of stay, admitted from, dis-
charged to, as well as diagnosis and procedure codes. Yearly coverage level
comparisons against different Swedish quality registers are made together
with validation loss of, among other things, main diagnosis and invalid PIN.
In 2020, the coverage was approximately 99% of all inpatient hospitalisations
and visits "%,

The Cause of Death Registry

The Swedish cause of death registry (CDR) is one of the oldest such registries
in the world, dating back to 1749. In 1860 it became mandatory that the death
certificates were issued by a medical doctor in communities that had access to
one and the modern version was established in 1911.

The CDR is managed by NBHW and contains the official statistics on all
contributing causes resulting in death, as well as time of death. All persons
who at the time of death were registered in Sweden, regardless of whether the
death occurred within or outside the country are included in the register. Per-
sons who have died during a temporary stay in Sweden, asylum seekers who
have not yet received a residence permit and emigrated Swedes who are no
longer registered in Sweden are not included in the register. CDR provides the
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basis for the official statistics on the causes of death in Sweden. The statistics
is based on the cause of death certificates, issued by a medical doctor, and has
a loss of approximately 0.8% '**. This applies, for example, to deaths abroad
or deaths where the deceased has been found after a long period of time and
the cause of death can no longer be determined. In addition, there are insuffi-
ciently specified causes of death, which are estimated at 2.7% '** and the def-
inition of which is determined by the World Health Organization. The regis-
try's data is also used for descriptions of the population's health, as a basis for
efforts in health care and for research. The cause of death statistics is interna-
tionally comparable for those countries affiliated to the World Health Organ-
ization and thus committed to complying with definitions and instructions in
the International Statistical Classification of Diseases and Related Health
Problems (ICD) '**.
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Rationale

The endovascular revolution has drastically changed the landscape in man-
agement of AA. This is especially true for ruptured AA, which is a severe
condition that requires immediate surgery for the person affected to be able to
survive. Minimally invasive options for treatment of thoracic aortic disease
have also resulted in changes in patient selection, and data suggest that epide-
miology of thoracic aortic disease and its management is changing in modern
times. Whilst the effect of endovascular treatment on outcome of RAA has
been assessed in RCTs evaluating patients treated with open repair or EVAR,
the overall effect of modern management of patients with aortic rupture on
epidemiology of disease and outcome is less well studied.

Sweden with its vascular surgical quality registry and access to population-
based data from a population of 10 million people opens up a unique oppor-
tunities to study epidemiological developments of disease prevalence and out-
come on a national level. The current thesis thus builds on this opportunity to
update on national incidence and treatment outcome of RAA and TAA to re-
flect “real world” setting.
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Aims of the thesis

The overall aim of this thesis was to assess trends in epidemiology, treatment
and outcome of ruptured abdominal aortic aneurysm and thoracic aortic aneu-
rysms in Sweden, in the context of changing surgical technique. The specific
aims were:

28

To investigate if a primary EVAR-strategy for treatment of aortic
rupture achieves a better peri-operative outcome after RAAA sur-
gery compared to open repair (Paper 1)

To analyse trends in the epidemiology of RAAA in Sweden and
assess surgical treatment rate and outcome in the context of chang-
ing prevalence of AAA and evolving surgical techniques (Paper II)

To assess Long-Term survival after RAAA repair in Sweden and
evaluate changes in survival outcome over time (Paper III)

To assess trends in the epidemiology of intact and ruptured de-
scending thoracic aortic aneurysms repairs, as well as the effect of
the increasing use of TEVAR on surgical treatment rate and out-
come (Paper IV)



Patients and methods

The observational studies in this thesis are all based on patients identified from
CDR, NPR or Swedvasc. The patients included in study I-III are >50 years of
age. In study 1V, all ages were included. All registries and databases are linked
by the PIN number every Swedish residents obtains; therefore, non-residents
without a PIN were excluded from the studies.

Table 3. Overview of the study design in the thesis.

Study Design Period Patients Source Date of d.ata e
(n) traction
. Operated
I P"puﬁtt“’ns'zla;ed '8 20082012  RAAA  Swedvasc  May 2014
Ty study (1304)
Nationwide Popula- Swedvasc
11 tion-based registry 1994-2013 Alll gR%I;A NPR May 2015
study ( ) CDR
Nationwide Popula- Operated Swedvasc
11 tion-based registry 1994-2017 RAAA NPR September 2019
study (8928) CDR
. . Operated
Nationwide popula- .
IV tion-based registry  1997-2017 dTé\A’ AL March 2020
study and rupture CDR

(875)
RAAA= ruptured abdominal aortic aneurysm, dTAA= descending thoracic aortic aneurysm,
NPR= the national patient registry, CDR= the cause of death registry

Study I

This study, which aimed to evaluate EVAR as primary strategy for treatment
of RAAA, included all patients who were operated on in Sweden from May
2008 to December 2012 as registered in the Swedvasc registry. In total 1,304
patient were included from 29 vascular centres; hospitals with no elective aor-
tic surgery were excluded. Preoperative data and peri-operative results were
compared for hospitals operating >50% of their ruptures with EVAR, referred
to as primary EVAR centres (pEVARCc), versus those with <50% EVAR, pri-
mary open repair centres (pORc). Three centres qualified to be pEVARGc, all
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of them referral centres. The assumption was thus made that if a hospital uses
EVAR on >50% oftheir RAAA cases, EVAR is considered to be their primary
choice of method. Patient characteristics and comorbidities were compared
between the groups.

The primary outcome for the analysis was peri-operative survival (within
30-days), with secondary analysis of mid-term (1 and 2 years) survival after
surgery. Subgroup analyses included assessment of outcome among referrals,
(i.e. the patient is diagnosed at a local vascular centre but operated on at a
referral centre covering that area) and octogenarians. Predictors of peri-oper-
ative mortality were assessed.

Statistics

For comparison of mean values with normally distributed data, independent
samples t-test was used. For rates and 30-day mortality, Chi-square was used.
Differences in midterm mortality were tested with the log-rank test and esti-
mated with Kaplan-Meier analysis. To estimate predictors of peri-operative
mortality, uni- and multivariable binary logistic regression with forced entry
was used. Statistical significance was defined as P values <0.05, all tests were
two-sided. Data management and statistical analysis were performed with
SPSS statistics version 22 (IBM, Armonk, NY, USA).

Study 11

The intention with the study was to capture all patients affected by RAAA
during 20 years, (1994 to 2013) in order to make an updated assessment of the
RAAA epidemiology and result after treatment in the light of a more modern
management of AAA with the impact of increasing use of EVAR. All patients
in Sweden who have been cared for, operated on, been in contact with
healthcare or have died, with the diagnosis RAAA, were identified from CDR,
NPR and Swedvasc, merged into one database by PIN. ICD and NOMESCO
Classification of Surgical Procedures (NCSP) codes were used to define op-
erated and not operated patients.

The study period was divided into four 5-year groups for analysis to assess
changes in characteristics, surgical activity and mortality over time. Approxi-
mately 3/4 of RAAA patients was men, therefor men and women were sepa-
rated in the analysis to assess sex-specific outcome. The cohort was also di-
vided into 2 age groups, 50-79 and >80 years of age, to assess outcome in
these two subgroups.

The primary outcomes of the study were the RAAA incidence and mortal-
ity (< 90-days after rupture), secondary outcome were proportion of RAAA
presenting to hospital, how many of those were operated on and surgical out-
come.
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Statistics

Data management and statistical analysis were performed with SPSS statistics
version 25 (IBM, Armonk, NY, USA). Patients characteristics were evaluated
with Chi-square and ANOVA for categorized and continuous variables, pre-
sented in 5-year periods with Bonferroni corrected P-values.

Trends in incidence, patients presenting to hospital and mortality over time
(presented per 100.000 person-year) were evaluated with linear regression.
Proportions of patients admitted to hospital, operated on, surgical turn-down
rates, surgical mortality rates and overall mortality rates were assessed per 5-
year period and evaluated with age-adjusted Poisson regression. All tests were
two-sided and significance was set at <0.05.

Study I

This nationwide analysis of the long-term survival after RAAA repair was
based on all patients who had undergone surgery due to RAAA identified from
the NPR and Swedvasc. The study is a continuation of study II but with the
focus exclusively on those surgically treated for RAAA in the light of shifting
surgical strategies from OSR to EVAR. In addition this study has an updated
data extraction to extend over a longer period of time, 24 years (1994-2017),
and to cover previous contacts with healthcare to evaluate comorbidity. NCSP
codes were used to define type of surgical approach (EVAR or OSR). The
study period was divided into three 8-year periods for analysis to assess
changes in survival over time and stratification of the cohort was done into
surgical strategy and octogenarians vs non- octogenarians.

Crude long-term (5-year) survival were primary endpoint. Relative long-
term survival after excluding early deaths (<90-days) in comparison with a
matched (sex, age, and operation year) standard population was a secondary
outcome. Additionally, 90-days mortality rate, variables associated with mor-
tality and causes of late death (based on CDR) were also evaluated.

Statistics

Kaplan-Meier analysis with log-rank test was used to assess long-time sur-
vival (before and after stratifications) and on the subgroup of patients alive at
90 days with comparison against a matched standard population. Mortality
within 90 days and patient characteristics were assessed with chi-square for
categorized variables and ANOVA for continuous variables, (with Bonferroni
corrected P values). To evaluate the effect of different risk variables, cox-re-
gression analysis was used for overall mortality and multivariable logistic re-
gression for 90-day mortality. The selection of variables was done by univari-
ate screen of all available confounders from the data extraction, using back-
wards selection with a criteria of 0.25 to stay in the regression models. Two
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sided tests were used, and p values <0.05 were considered statistically signif-
icant. Data management and statistical analysis were performed with SPSS
statistics version 24 (IBM, Armonk, NY, USA).

Study IV

In this study, the aim was to assess the epidemiology and the surgical outcome
after dTAA repair in Sweden. All individuals who had an operation due to a
dTAA (intact or ruptured) 1997 to 2017 (21 years) in Sweden were identified
from NPR and CDR and merged into one database. Because all thoracic an-
eurysms have the same diagnostic ICD code (only separated by intact or rup-
ture), the anatomical location of the aneurysm had to be controlled by the
NCSP operation code. To isolate dTAA subjects, patients with codes for as-
cending aortic surgery and patients with an additionally code for dissection
were excluded, Figure 3.

CDR NPR
n=28 539 n=4014

A

Thoracic aortic event
n=32 553

Non operated
n=15 058 Diagnose 1710(Dissection)

n=11 450

Operated thoracic aortic aneurysms
n=6045

Ascending aneurysm
n=5170

Y

Study cohort
n=875

| }

Intact TAA repair Ruptured TAA repair
n=665 n=210
Open repair TEVAR Open repair TEVAR
n=323 n=342 n=88 n=122

Figure 3. Flowchart of the study cohort from CDR (cause of death register) and
NPR (national patient register)
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The cohort was stratified into intact or ruptured dTAA and gender. For mor-
tality and survival analysis the cohort were divided into three 7-year groups
(1997-2003, 2004-2010 and 2011-2017).The primary outcomes of the study
was to identify the incidence of surgically treated dTAA in Sweden and the
subsequent short- (<90-days) and, medium-term (1-year) mortality and long-
term (5-year) survival outcome. Secondary endpoint were to assess changes
in incidence of repair and outcome over time with increasing use of TEVAR.

Statistics

Patients’ characteristics were evaluated with Chi-square and ANOVA for cat-
egorized and continuous variables with Bonferroni corrected P-values. Trends
of incidence in intact and ruptured dTAA repair (presented per 100.000 per-
son-year) were evaluated with linear regression. Crude mortality rates were
assessed with chi-square and survival with Kaplan-Meier curve adjusted for
comorbidity, age and operation technique. Cox proportional hazard model was
constructed to assess independent variables on the risk for short- and long-
term mortality. A two-tailed p-value of <0.05 was considered significant. All
statistical analyses were performed using SPSS v. 25.0. Armonk, NY: IBM
Corp.

Ethical considerations

All four studies were approved by the regional ethics review board in Uppsala
(Dnr: 2014/078), for study III and 1V, a supplement was made (Dnr: 2019-
05615) to the primary ethical approval to get an extension of time and previous
contacts with the healthcare system to capture comorbidities.

All data was collected from registries and an assessment was made from
the board that no consent from the included patients was needed.

Data from register extracts have been stored and processed on Region Gév-
leborg encrypted servers which are assigned to handle patient and research
data according to General Data Protection Regulation (GDPR). Data extrac-
tions were protected with code keys provided from the National Board of
Health and Welfare in Sweden.
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Results

Study I

There were 1304 operations performed (EVAR on 26.3%, n=343) at 29 oper-
ating centres. Twelve centres did not use EVAR as an operation method for
aortic ruptures during the study period. Three centres used EVAR on >50% of
their RAAAs and were regarded as pEVARc, leaving 26 centres as pORe,
Figure 4. All pEVARCc and five of the pORc were regarded to be referral cen-
tres.

N rAAA repairs 2008-2012
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Figure 4. Distribution of centres performing ruptured abdominal aortic aneurysm
(rAAA) repair in Sweden, based on size and proportion of ruptured endovascular re-
pair (rEVAR). Reproduced from Gunnarsson K et al. Endovascular Versus Open
Repair as Primary Strategy for Ruptured Abdominal Aortic Aneurysm: A National
Population-based Study. Eur J Vasc Endovasc Surg 2016.

Primary EVAR centres treated 236 patients (74.6% of whom were operated

with EVAR) and pORc treated 1068 patients (15.6% of whom were operated
with EVAR), Figure 5.
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Figure 5. Proportion of EVAR at primary EVAR centres (pEVARCc) and primary
open repair centres (pORc) as well as overall use of EVAR for treatment of ruptures
in Sweden during different years.

Patients treated at pPEVARc were more often referrals, had a higher rate of
pulmonary comorbidity, higher systolic blood pressure before surgery and
EVAR operated patients at pEVARc had a higher rate of pre-operative loss of
consciousness compared to EVAR treated at pORc. Regarding perioperative
complications, there was a lower proportion of patients with a massive peri-
operative blood loss at pEVARCc but at the same time, the proportion of lapa-
rotomy due to ACS was twice as high compared to pORc (10% vs 5%; p=0.03)
and endoleaks was a more common problem. Table 4.

Table 4. Peri-operative complications

Perioperative complications. PEVARc PORc p-value
Total number of patients 236 1068

>Slitres of bleeding, n (%) 35 (14.9) 315 (29.5) <0.001
Myocardial infarction, n (%) 11 (6.3) 53(5.9) 0.862

Stroke, n (%) 5(2.8) 18 (2.1) 0.566

Renal failure, n (%) 42 (23.5) 203 (22.3) 0.769

Multiple organ failure, n (%) 29 (17.1) 167 (18.5) 0.746

Reoperation for bleeding, n (%) 17 (9.5) 68 (7.4) 0.357

ACS with laparotomy, n (%) 17 (9.5) 47 (5.1) 0.034

Intestinal ischaemia, n (%) 14 (7.8) 96 (10.7) 0.281

Limb amputation, n (%) 4(2.2) 16 (1.7) 0.551

Graft occlusion, n (%) 1(0.7) 10 (1.2) 1.000

Endoleakage, n (%) 13 (7.49) 12 (1.3) <0.001
Distal embolization, n (%) 9 (5.0) 65 (7.1) 0.415

Early graft infection, n (%) 422 6(0.7) 0.065

ICU >5 days, n (%) 44 (27.2) 263 (32.1) 0.229

n= numbers, ACS= abdominal compartment syndrome, ICU= intensive care unit
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When assessing mortality between the two centre strategies no difference
could be detected in peri-operative, mid- or long-term mortality overall. Fig-
ure 6 and 7A. Notably, pPEVARc had higher 1- and 2-year OSR mortality.

100%
90% pEVARC
80% m pORc
70%
P=0.020
60% P=0.033
52,4%
50% 48,3%
o, 9% 2% g 38,6% 38,3% 38,6%
40% 34,7% % 37,1% ,6% 37,4% ; 36,1% i
; 29,0%
30% 28,0% 27,4% A 27,0%
20% 18,6%
10%
0%
30-days 1-year 2-years 30-days 1-year 2-years 30-days 1-year 2-years
Overall EVAR OR

Figure 6. Post-operative mortality after ruptured abdominal aortic aneurysm repair
at primary EVAR centres (pEVARc) and primary open repair centres (pORc).

P=0.068 oz P=0.031

Days Days

N at risk
pEVARc 236 115 89 57 170 88 70 48
pORc 1068 580 415 257 1011 551 393 240

Figure 7. Kaplan-Meier analysis of long-term overall survival after ruptured ab-
dominal aortic aneurysm repair 2008-2012 in Sweden at centres with primary EVAR
strategy (pEVARCc) and primary open repair strategy (pORc). A) All patients; B) ex-
cluding referrals

Subgroups analyses of peri-operative, 1- and 2-year mortality were performed
on octogenarians without no difference in mortality.
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Comparing operation method and not strategy, patients treated with EVAR
were generally older (76.4 vs. 74.0 years; p<0.01), had a higher pre-operative
systolic blood pressure, and were more often referrals compared to OSR. Mor-
tality rate was lower in patients operated with EVAR at 30-days (EVAR
21.6%, n=74; open repair 29.6%, n=288, p<0.01) but no significant difference
was seen at 1- or 2-year. Comparing method between pEVARCc vs pORc, mor-
tality was lower for EVAR regardless of where these patients were operated.
Twelve centres did not perform any EVAR for ruptures. The open repair mor-
tality in these centres was 24.3% compared with 32.1% after open repair in
centres performing any ruptured EVAR (p=0.02). However, owing to the
lower EVAR mortality, the overall mortality for rupture did not differ between
these groups. Patients with a pre-operative loss of consciousness had a higher
mortality rate both after open repair and EVAR (OR 34.6% vs. 25.3%; EVAR
31.2% vs. 16.0%, p<0.01). To analyse predictive factors for perioperative
mortality after RAAA a univariate analysis was conducted. Female sex, age,
cardiac- pulmonary- disease, decreased renal function together with men-
tioned pre-operative loss of consciousness were pointed out. In the multivari-
ate analysis age, pre-operative loss of consciousness and decreased renal func-
tion remained significant.

To evaluate the impact of referred patients to pEVARCc, data were scruti-
nized to assess mortality outcome. Referrals were younger (73.3 years vs. 74.8
years; p=0.05), and had a higher pre-operative systolic blood pressure. No dif-
ference between referred and non-referred patients in mortality was detected.
To evaluate the mortality outcome at the pEVARc and pORc, an exclusion of
the referral cases from mortality analysis was made. This did not affect mor-
tality up to 2 years, but displayed a higher mortality in pEVARc over time.
Figure 7B. Allocating back referred patients to their primary uptake disclosed
that the incidence RAAA repair per 100,000 inhabitants was lower in pE-
VARCc regions compared to pORc regions (6.07 per 100,000 inhabitants, 95%
confidence interval (CI) 5.01-7.13 vs 8.15 per 100,000 inhabitants, 95% CI
7.64-8.66).

37



Study II

18,726 registered patients with RAAA were identified in the three registries.
The contribution of each registry to this cohort is described in a Venn diagram,
Figure 8. 74 % of all ruptures were among men (unchanged ratio over time)
and both men and women affected by RAAA had a progressively increasing
age over time (p<0.001).

N=18 726  cCause of Death Registry
National Patient

Reglstry * 74% Men

* 34% of the men
53% of the women
>80 years of age

Swedish Vascular
Registry

Figure 8. Overlap between the three registries. All RAAA patients in Sweden 1994-
2013, collected from Swedvasc, CDR and NPR.

The proportion who underwent RAAA surgery with EVAR increased both in
men 0.2%: 1994-1998 to 15.5%: 2009-2013 (p<0.001) and women 0.1%:
1994-1998 to 9.6%: 2009-2013 (p<0.001) over time. Notably, the mean age
of those who were operated on, increased in men but not among women. There
was an overall decrease in the incidence of RAAA with 35% during the study
period (p=0.001). Among men the incidence decreased with 45% and among
men <80 years of age, a decrease of 60% (-1.41 per 100,000 annually,
p=0.001) occurred. In women there was almost no change in the incidence
over time, Figure 9A. Overall, the total number of RAAA presenting to hos-
pital annually decreased from 1994 to 2013 with 94 patients (-15.2%). The
annual incidence per 100,000 person-years presenting to hospital decreased in
men overall, Figure 9B, and among men <80 years of age (-0.91 per 100,000
person years annually, p<0.001) but no change among octogenarians over
time was detected.
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Figure 9. A) Yearly incidences of ruptured AAA and B) Ruptured AAA presenting
to hospital per 100,000 person-years, overall for Men and Women. Linear regression
trend lines are presented, with yearly coefficient, 95% confidence interval (CI) and
P-value.

A small decrease among women <80 years of age (-0.06 per 100,000 person
years annually, p=0.024) was detected but the incidence was stable for octo-
genarians and overall (Figure 9B). The proportion of patients with RAAA that
presented to hospitals alive increased over time both among men and women,
Table 5. Of all RAAA patients in the study cohort, 65% arrived to hospital
and therefore had a possibility to be operated, time trends is assessed in Table
5. Between 1994-1998 and 2009-2013, the proportion of, patients with RAAA
who were admitted to hospital alive increased among men and women with
10.0% and 13.2 % in relative change (RC) respectively. The most noticeable
increase was among male octogenarians (Table 5).

Of all the patients in this study cohort 48.6% of the men and 28.1% of the
women had some type of aortic surgery due to rupture. Assessing the propor-
tion of patients with RAAA repaired, men and women both had a significant
increase where octogenarians had an increase of almost 50% (men 44.3% and
women 49.3%, p<0.001) from the first to the last time period. The turn-down
rate (patients arriving to hospital alive but were not operated on) decreased
during the study period among men (RC -16.0%, p<0.001) and women (RC -
14.0%, p=0.002) (Table 5) and was 33.4% during the entire study period.

In the first year of this study 1994, EVAR was still not established as a
surgical option for RAAA treatment. The first EVAR for RAAA was detected
1995 in this cohort. During the following 20 years, an increasing proportion
of RAAA repairs were performed with EVAR; and in 2013, 42.3% of the men
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paired, 90-days mortality among all RAAA patients and among patients undergoing

Table 5. Proportion RAAA patients presenting to a hospital alive, proportion re-
RAAA repair.

relative chance, RAAA= ruptured abdominal aortic aneurysm

confidence interval, RC

Cl
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and 41.2% of the women had surgery with EVAR for RAAA. EVAR has had
even a greater impact on elderly patients as rupture treatment. Among octoge-
narians, EVAR was used in 59.3% of men with RAAA, and in 50.0% of
women. Patients affected by a RAAA had a 90-day mortality of 74.7% overall,
71.0% in men, and 85.3% in women, p<0.001. The 90-day mortality per
100,000 age-specific person-years decreased both among men and woman in
total (men 40.5 and women 12.8 per 100,000 in 1994 vs 21.4 and 9.9 per
100,000 in 2013, p<0.001). This decrease was also detected among the
younger patients in both sexes, but was stable among female octogenarians,
Figure 10A and B.

Assessing the time trends in 90-days mortality, there was a decrease in mor-
tality among men overall as well as in women <80 years. Time trends in mor-
tality per 5-year period are presented in Table 5. Among repaired patients sim-
ilar trends were seen (Table 5). When adjusting surgical mortality for the in-
creased use of EVAR, a reduction in the improved 90-day mortality after re-
pair was seen, indicating that the improved outcome of surgery over time is
due to EVAR.

A ——Men total B —Women total
_.?__ 180 - ~——Men 50-79 years 180 - —\Women 50-79 years
é 160 - ——Men >80 years 160 - ~——Women >80 years
& 140 - 140 -
L
£ 120 120 +
® i . -0.11 (-0.47, 0.25 p=0.537)
- 1 -1.67 (-2.62, -0.71 p=0.002 T
§ i ( P ) & -0.19 (-0.27, -0.11 p<0.001)
o 1 -1.15 (-1.30, -1.00 p<0.001 1
2 ( 2 ) -0.21 (-0.25, -0.17 p<0.001)
§ 60 -1.14 (-1.26, -1.02 p<0.001) 60 -
S 40 - = 40 -
= s =
g 20 sa— 20 4 __ .
¢ +—r-rr—rrrrr+rrrr—rT-r-rr——T—°m 0 +r—rrTr+T—rrrrrTrrrrorTTrrrr

1993 1997 2001 2005 2009 2013 1993 1997 2001 2005 2009 2013

Figure 10. Mortality in ruptured AAA per 100,000 person-years, overall and per
age-group for A) Men and B) Women. Linear regression trend lines are presented
with yearly coefficient, 95% CI and P-value.
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Study 111

8,928 registered individuals with RAAA were identified in the three registries
and distributed into three time periods: 1994-2001: N=3,368; 2002-2009:
N=3,405; 2010-2017: N=2,155. During the time of the study, an increase in
the proportion of EVAR procedures was noted and was higher among octoge-
narians compared to younger patients operated for RAAA, Figure 11.
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Figure 11. Time trend of proportion of EVAR used for ruptured AAA repairs after
age stratification.

Of the individuals that received RAAA repair, the following trends were iden-
tified: increase in mean age (+ 2.3 years, p<0.001), proportion octogenarians,
(+ 13.4%, p<0.001), proportion of operated women (+6.2%, p<0.001), pro-
portion of EVAR procedures (+34.0%, p<0.001) as well as medical comor-
bidities during the timeframe of analysis, Table 6.

The short term mortality (<90-days) was 40.7% for the entire cohort and
decreased over time (from 46.4%; 1994-2001 to 35.6%; 2010-2017; p<0.001)
partly due to that EVAR in multivariable logistic regression were inde-
pendently associated with lower odds of 90-day mortality. The overall crude
long-term survival (5-year survival) were assessed with a Kaplan-Meier anal-
ysis, stratified by period of repair and age-separation (<80 or >80 years of
age). This displayed improved long-term survival over time in the total cohort
(36%; 1994-2001: 44%; 2002-2009 43%; 2010-2017; p<0.001).
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Table 6. Patient characteristics

Overall 1994-2001 2002-2009 2010-2017 p

Number of patients (N=8928) (N=3368) (N=3405) (N=2155)

Mean age, Y (SD) 74.04 (7.78)  73.21(7.44) 73.94(7.92) 75.49(7.89) <0.001
Octogenarians 2364(26.5%) 694(20.6%)  937(27.5%)  733(34.0%) <0.001
Females 1555(14.4%) 481(14.3%)  631(18.5%)  443(20.6%) <0.001
Proportion EVAR 1323(14.8%)  52(1.5%) 506(14.9%)  765(35.5%) <0.001
Cardiac disease 4237(48.0%) 1480(44.0%) 1751(51.4%) 1006(48.9%) <0.001
Pulmonary disease 1575(17.9%) 463(13.8%) 6445(18.9%) 467(22.8%) <0.001
Cerebrovascular disease 1600(18.2%) 569(16.9%)  634(18.6%) 397(19.4%) 0.044
Diabetes 904(10.2%)  228(6.8%)  371(10.9%)  305(14.7%) <0.001
Renal disease 1278(14.8%) 370(11.0%)  517(15.2%)  391(20.7%) <0.001
Cancer 1245(15.2%)  142(4.2%)  626(18.4%) 477(32.8%) <0.001
Dementia 115(1.4%) 30(0.9%) 58(1.7%) 27(1.9%) 0.005
Artery disease 238(2.9%) 74(2.2%) 103(3.0%) 61(4.2%) 0.001
Liver disease 58(0.7%) 13(0.4%) 30(0.9%) 15(1.0%) 0.014

SD= standard deviation, Y= years, EVAR= endovascular aortic repair

In the age-separated analysis, long-term survival were improved in both age
groups over time (at 5 years:<80 years of age 40% vs 51% vs 52%, p<0.001;
octogenarians19% vs 24% vs 25%, p=0.001), Figure 12.

p < 0.0001
0.004 0.0
H H
Years

Number at risk Number at risk

1 2674 1431 1347 1266 175 1081 1 694 246 229
91 2468 1600 1525 1439 1349 1257 1 937 388 363

1 1422 933 820 701 569 460 1 733 356 285

Years

202 165
318 279
230 159

134
226
106

Figure 12. Kaplan-Meier analysis of long-term survival on patients <80 years (left)
and octogenarians (right) stratified into the three time periods
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p=00014

Number at risk

1 52 37 33 32
1 508 364 343 314

1 765 490 390 312

Years

27
285
229

p <0.0001

Years
Number at risk
1 3318 1640 1436 1313 1191
{ 2899 1624 1443 1343 1223
{ 1390 799 619 499 392

Figure 13. Kaplan-Meier analysis of long-term survival on endovascular (left) and

open (right) aortic repair, stratified into the three time periods.

When assessing long-term survival after stratifying into operation technique,
EVAR had a decrease (at 5-years 46%, 51%, 41%, p=0.001) whilst OSR im-
proved (36%, 42%, 44%, p<0.001), Figure 13. An analysis comparing the
long-term survival, EVAR vs OSR in an unadjusted Kaplan-Meier analysis,
endovascular repair had a lower mortality early but similar survival at 5-years.
To assess the effect of independent variables associated with long time mor-
tality, cox-proportional hazard analysis was done. Increasing age (HR=1.05,
P=0.001), female gender (HR=1.12, P<0.001) was associated, with increased
overall mortality. Use of EVAR (HR=0.80, P<0.001) was associated with
lower mortality as was the period of repair, Table 7.

Table 7. Cox proportional model for overall mortality

HR 95% CI P value
1994-2001 Reference
2001-2008 0.80 0.75-0.84 <0.001
2008-2017 0.72 0.67-0.78 <0.001
Age 1.05 1.05-1.06 <0.001
Women 1.12 1.05-1.19 <0.001
EVAR 0.80 0.74-0.86 <0.001
Cardiac disease 1.12 1.07-1.18 <0.001
Pulmonary disease 1.22 1.15-1.30 <0.001
Cerebrovascular disease 1.24 1.17-1.32 <0.001
Diabetes 1.11 1.02-1.20 0.012
Renal disease 1.20 1.13-1.29 <0.001
Cancer 1.18 1.10-1.27 <0.001
Dementia 1.36 1.12-1.64 0.002
Peripheral artery disease 1.298 1.13-1.49 <0.001
Liver disease 1.40 1.06-1.85 0.017

HR= hazard ratio, CI= confidence interval, EVAR= endovascular aortic repair
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To assess the relative survival of RAAA repaired patients that had survived
>90-days, an analysis against a matched (age, sex and year of operation) pop-
ulation cohort as referents was done. Repaired patients had lower relative 5-
year survival than the matched population referents in all three time-periods
(1994-2001: 86%, 2002-2009: 88%, 2010-2017: 86%; p<0.001), Figure 14.

0.75 1

0.50 1

0.254

0.001

0 1 2 3 4 5
Years

Number at risk

1804 1677 1576 1468 1340 1215
Index: 2002-20091 2101 1988 1888 1757 1628 1483
ndex: 2010-20177 1387 1289 1105 931 728 566

Figure 14. Kaplan-Meier analysis of relative survival for patients surviving >90
days after repair compared with a matched (age, sex and year of operation) standard
population.

Comparing the study cohort with the matched cohort to assess survival ratio
revealed that relative survival did not improve during the time of the study.
The median survival time was for period one, 7.8 RAA cohort vs 12.2 Years
for matched cohort (median survival ratio, 0.63: 95% CI0.61-0.67), period two,
8.4 vs 12.8 years (median survival ratio, 0.65: 95% CI 0.62-0.68), period three,
7.7 vs 12.1 years (median survival ratio, 0.63: 95% CI 0.59-0.69.)

Operated RAAA patients that survived >90 days and died during the study
period was analysed to identify causes of late death, Figure 15. A decrease
was noted for cardiovascular and cancer related deaths over time (Figure 15)
and together they accounted for 55% of all late deaths.
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o Pulmonary/Respiratory disease = .068
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Figure 15. Causes of late deaths.
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From NPR and CDR there were 875 individuals identified who between 1997
and 2017 underwent surgery for a dTAA, 63.8% (558) were men, 24.0% (210)
had ruptured dTAA repair. Both men and women operated for dTAA had over
time progressively increasing mean age and rate of comorbidities and 10.2%
(89) of the patients were octogenarians, Table 8. Over time, an increasing pro-
portion of patients undergoing ruptured dTAA repair were women, with al-
most half of the repairs performed on women in the study found in the final
time period (Table 8). The incidence of ruptured dTAA repair overall, was
stable during the study period, Figure 16.

04 -
0.002(-0.001)-(0.004) _
P=0.184 Total Ruptured dTAA repair
03 - -0.001 (-0.006-0.003) Men Ruptured dTAA repair
P=0.535
0.005 (0.002-0.008) Women Ruptured dTAA repair
0,2 1
0,1 4
0 T r T T T T T T T T T r T T r T
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Figure 16. Incidence of ruptured descending thoracic aortic aneurysm repair per
100,000 population, in total, men and women (coefficient, 95% CI and P-value).
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Table 8. Patient characteristics among individuals undergoing rupture or intact
thoracic aortic aneurysm repair in Sweden during 21 years (1997-2017).

0180
8810
€200
1000
0180
100°0>
L8T°0
000

0100
7000
€100
1€00
80%°0
100°0>
T000>
100°0>

9£00
1000
1000
100°0>
£65°0
T00°0>
1000
T00°0>
¥98°0

anjea-d

6)%L6  (9)%E9 (9 %0TT
ey %6zt WD) %Lyl (T) %0
(eT)%0vT  (6)%s6  (T)%0C
(62)%z'1e (0Z)%TTZ (F) %08
(b¥)%e Ly (£S) %009 (€2) %0'9F
(9£)%L'18 (2S)%LPS  (€) %09
(8)%o8  (9%c9  (D%o¥
(o2)eTL (so1)S0L (£6)959
€6 56 0s

(te)oL LT (v2) %8¥T  (S) %9'S
(87) %091 (02) %ETZT (2)%T'T
(C) %9t BU%ITT (Q)%CT
(68) %eTz (S€) %9TT (6) %0°0T
(66) %995 (£0T) %0'99 (E¥) %8'Ly
(8ZT) %T°€L (9L) %69y (L) %8'L
() %rer  (B)%6Y  (T)%IT
(os)eTL (TT1)699 (£2T)TE9

(ov) %61 (0€) %L TT  (TT)%6°L
(o) %6'vT (PE) %Z'€T (V) %6'C
(S€) %T'€T (L) %S0T  (E)%T'T
(89) %t'sz  (SS) %P 1T (ET) %E6
(e0T) %b°ES (P9T) %8'ES (99) %T LY
(702) %191 (82ZT) %8'6% (0T) %T'L
(Te) %9 1T (T %t's  (€)%1'T
(s8)ets (0TT)EB9 (STT)OH9
(S£T) %€'59 (29T) %0°€9 (06) %E 9
897 LST orT
LT0Z-TT0Z 0T0Z-¥007 €002-2661

Jiedal yyLp 19U

(T2) %88
(82) %811
(e2)%L'6
(e9) %eTT
(veT) %r'zs
(TET) %0°SS
(9T) %L'9
(5°6) 869
8ET

(09) %T¥T
(0S) %L'TT
(zv) %86
(€8) %¥6T
(6v2) %E'8S
(T12) %t'6¥
(z€) %S'L
(o0TT) 619

(18) %'zt
(82) %LTT
(59) %86
(9€T) %507
(€L€) %1795
(2t€) %t'1S
(8t) %z 'L
(501)9'89
(£2¥) %T 19
5§99
[e3oL

L0
9€T'0
€9/°0
0T¥'0
0500
100°0>
{8T°0
61I¥°0

w00

0¥9°0

€890

Se00

LEOD
100°0>
€100

690

[&de))
00T°0
2890
8000
S000
100°0>
90¢'0
88C°0
1100

anjea-d

(L) %E9T
(o1) %€
(€)%0'L
(ST) %6'vE
(12) %88
(65) %L°06
(8) %9°81
(6'2) Lzt
3%

(6) %070
() %6'8
(9) %E€T
(o) %TTT
(02) %t vy
(£8) %T'z8
(¥1) %11E
(8€1)9TL

(91) %281
(¥T) %6'ST
(6) %z01

(S2) %P8z
(tr) %99y
(92) %tr98
(z2) %0'sz
(etnteL
(St) %11S

88
L102-T102

(2) %0°0T
(2) %001
(¥) %002
(6) %0°St
(5) %052
(€T) %059
(z) w00t
(099)5°zL
(174

(€)% L

(T)%T's

(€) %L L

(L)%6LT
(6T) %L '8
(52) %T'v9
(9) %¥'sT
(FzTiooL

(s) %S
(¥) %89
(L) %6'TT
(91) %T°LT
(v2) %L 0p
(8€) %tv9
(8) %9€T
(9o1)€TL
(65) %199
65
0T0Z-7007

(T) %E9

(2) %Szt
(0) %00

(€) %881
() %0°sT
() %szT
(9) %s'Lg
(9'%T) 2'69

91

(€) %t9

(€) %t'9

(5) %9°01

(€) %t9
(11) %t ee
(9) %8'7T
(s) %901
(51T) T'69

(7) %e9
(s) %6°L
(S) %6
(9) %56
(ST) %8€T
(8) %Lzt
(TT) %SL1
(zzT) 269
(1) %9 ¥L
€9
£007-L66T

Jiedas yy1p painidny

oT) %L Tt

(vT) %L LT
(£) %6'8

(£2) %T've
(0€) %8¢

(¥5) %189

(91) %€'0Z
(ze)61L

6L

(ST) %S'TT
(6) %69
(¥T) %L 70T
(07) %e'sT
(0s) %8¢
(89) %6'1S
(S2) %161
(szT) oL

(52) %6'1T
(€7) %0'TT
(12) %001
(£¥) %bTT
(08) %1°8¢
(zeT) %185
(Tt) %561
(FIT)0TL
(TET) %+79
01¢
[e3oL

aseasip [eudy
sa12qelq

35eASIP JB|NISEAOIGRIR)D)
aseasip AJeuow|ng
2seasip delpie)

(u) % "dvA3L

(u) 94 ‘suenieuadolnQ)
(@s) sieah ‘a8e ueapy
() e3oy]

uawom

aseasip |euay

salaqgelq

95BISIP JB|NISBA0IGDID)
aseasip AJeuow|ng
a5easip oelpue)

(u) % "dvA3L

(u) 94 ‘sueuieuadolnQ)
(@s) sseah ‘a8e ueapy
usy

aseasip |euay

salagelq

9SeASIP JB|NJSBA0IGRID))
aseasip AJeuow|nd
3seasip delpe)

(u) % "UvA3L

(u) 94 ‘sueieuadoln)
(@s) sieah ‘28e ueay
(u) 9% “‘UalN

(u) ‘|e10Y]

standard deviation, dTAA= descending thoracic aortic aneurysm,

N= number, SD

TEVAR= thoracic endovascular aortic aneurysm repair
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Table 9. Incidence of thoracic aortic aneurysm repair per 100.000 population
Intact dTAA repair

1997-2003  2004-2010  2011-2017  2nmualco- o p-
efficients value
<80 years of age Total 0.23 0.40 0.37 0.011 0.007
Men 0.30 0.50 0.46 0.012 0.020
Women 0.16 0.29 0.27 0.010 0.008
>80 years of age Total 0.09 0.40 0.88 0.060 <0.001
Men 0.09 0.63 1.70 0.122 <0.001

Women 0.09 0.27 0.37 0.022 0.041

Ruptured dTAA repair

<80 years of age Total 0.09 0.08 0.10 0.001 0.589
Men 0.14 0.11 0.09 -0.004 0.069

Women 0.03 0.06 0.11 0.005 0.001
>80 years of age Total 0.34 0.23 0.63 0.023 0.075
Men 0.43 0.48 1.04 0.050 0.077
Women 0.29 0.09 0.37 0.005 0.593

dTAA= descending thoracic aortic aneurysm, p-value is calculated on annual coefficient
change.

Particularly women had a slight increase in incidence of rupture repair, (Fig-
ure 16), driven by incidence of repair among younger women, Table 9.

The first patient to undergo a ruptured dTAA repair with TEVAR in this
cohort was in year 2001. The proportion of TEVAR for rupture increased
1997-2003 to 2011-2017 from 12.7% to 86.4% (p<0.001) among ruptured
dTAA repair. Among octogenarians, 95.5% was operated with TEVAR in the
later time period (100% among women) and 83.3% in patients <80 years of
age.

When assessing surgical outcome, no change in 90-days and 1-year mor-
tality, nor long-term (5-years) survival after ruptured dTAA repair was seen
during the study period, Figure 17 and Table 10.

10 Ruptured dTAA repair 19 Intact dTAA repair
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Figure 17. Kaplan-Meier analysis for long-term survival (5-year) after Ruptured and
Intact descending thoracic aortic aneurysm repair.

48



Table 10. Crude 90-days and 1-year mortality for patients undergoing ruptured or
intact thoracic aortic repair 1997-2017 in Sweden. Overall and stratified by sex, age
and surgical technique.

Intact dTAA repair
Total 1997-2003 2004-2010 2011-2017 p-value
90 days Mortality  8.1% (54/665) 15.0% (21/140)  5.8% (15257)  6.7% (18/268) 0.003
Men 9.1% (39/427) 20.0% (18/90) 6.8% (11/162) 5.7% (10/175) <0.001
Women 6.3% (15/238) 6.0% (3/50) 4.2% (4/95) 8.6% (8/93) 0.462
<80 years  7.9% (49/617) 15.3% (21/137)  5.8% (14/243) 5.9% (14/237) 0.001
>80 years  10.4% (5/48) 0.0% (0/3) 7.1% (1/14) 12.9% (4/31) 0.699
OSR 10.2% (33323)  14.6% (19/130)  6.2% (8/129) 9.4% (6/64) 0.080

TEVAR 6.1% (21/342) 20.0% (2/10) 5.5% (7/128) 5.9% (12/204) 0.178
1 year Mortality 13.2% (88/665)  19.3% (27/140)  10.9% (28/257)  12.3% (33/268) 0.053

Men 14.5% (62/427)  23.3% (21/90) 10.5% (17/162)  13.7% (24/175) 0.020
Women 10.9% (26/238)  12.0% (6/50) 11.6% (11/95) 9.7% (9/93) 0.883
<80 years 12.5% (770617 19.7% (27137)  9.9% (24243) 11.0% (26/237) 0.014
>80 years  22.9% (1148)  0.0% (0r3) 28.6% (4/14) 22.6% (7/31) 0.563
OSR 13.9% (45/323)  19.2% (25130)  8.5% (11/129) 14.1% (9/64) 0.045
TEVAR 12.6% (43/342)  20.0% (2/10) 13.3% (17/128)  11.8% (24/204) 0.711
Ruptured dTAA repair
Total 1997-2003 2004-2010 2011-2017 p-value
90 days Mortality  28.1% (92100 31.7% (20/63)  28.8% (17/59)  25.0% (22/88) 0.654
Men 27.5% (36/131)  36.2% (17/47) 25.6% (10/39) 20.0% (9/45) 0.211

Women 29.1% (23/79) 18.8% (3/16) 35.0% (7/20) 30.2% (13/43) 0.550
<80 years 27.8% (47/169)  26.9% (14/52) 31.4% (16/51) 25.8% (17/66) 0.786
>80 years  29.3% (1241)  54.5% (6/11) 12.5% (1/8) 22.7% (5/22) 0.085
OSR 27.3% (24/88)  27.3% (15/55)  38.1% (8/21) 8.3% (112) 0.182
TEVAR 28.7% (35122)  62.5% (5/8) 23.7% (9/38) 27.6% (21/76) 0.083
1 year Mortality 32.4% (68210) 36.5% (23/63)  30.5% (18/59)  30.7% (27/88) 0.704
Men 32.1% @2131)  40.4% (19/47) 28.2% (11/39) 26.7% (12/45) 0.157
Women 32.9% (26/79) 25.0% (4/16) 35.0% (7/20) 34.9% (15/43) 0.752
<80 years  32.0% (54169 32.7%(1752)  33.3% (1751)  30.3% (20/66) 0.932

>80 years 34.1% (1441 54.5% (6/11) 12.5% (1/8) 31.8% (7/22) 0.153
OSR 31.8% (28/88) 30.9% (17/55) 42.9% (9/21) 16.7% (2/12) 0.291
TEVAR 32.8% 40/122)  75.0% (6/8) 23.7% (9/38) 32.9% (25/76) 0.019

TAA= thoracic aortic aneurysm, OSR= open surgical repair, TEVAR= thoracic endovascular
aortic repair

When assessing predictors for short- and long-term mortality in a cox-regres-
sion analysis, increasing age and renal failure had a significantly raised hazard
ratio, Table 11. In a Kaplan-Meier analysis there was no difference in long-
term survival between men and women (47.3% and 48.8%, log-rank p=0.801).
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Table 11. Assessment of variables associated with postoperative (within 90-days)
and long-term death (within 5-year) after thoracic aortic aneurysm repair in a mul-
tivariable Cox proportional hazard model.

. IntactdTAArepar
i | 90-days 5 year
[ HR 95.0%C1 p-value HR  95.0%Cl  p-value
1.04 100107  0.030 1.05 1.03-1.07  <0.001
e 10 082271 0194 110 0.84-1.46  0.481
271 149493  0.001 114 0.84-1.53  0.402
153 085273 0154 144 1.09-1.90  0.011
223 125396 0006 170 1.27-2.28  <0.001
059 021-166 0316 0.78 0.50-1.24  0.296
137 0.63-295  0.425 1.09 0.74-1.62  0.661
198 0.99-397  0.055 1.65 1.15-2.36  0.006
| RuptureddTAArepar |
| 90-days 5 year
[ MR 95.0%Cl pvalue HR 95.0%Cl pevalue
1.04 1.01-1.07  0.025 1.05 1.03-1.08  <0.001
Lo o037 051149 0615 1.09 0.73-1.63 0671
125 071-221 0431 0.99 0.65-1.52  0.961
084 049-144 0522 091 062135  0.651
106 0.57-1.98  0.853 142 092-2.18  0.115
143 0.64-320 0389 078 0.39-155  0.469
061 024158 0313  1.07 059-1.93  0.832
2.04 106392  0.033 214 131349  0.002

dTAA= descending thoracic aortic aneurysm, OAR= OSR= open aortic/surgical repair, TE-
VAR= thoracic endovascular aortic repair, HR= hazard ratio, CI= confidence interval

The incidence of intact dTAA repair increased over time, with an annual in-
crease in regression coefficient of 0.014 per 100.000 person-years; p=0.002,
Figure 18.

The increasing incidence of intact dTAA repair was present both among
men and women, (Figure 18 and Table 9). In the age-group, patients >80 years
of age, there was an increase in incidence of intact dTAA repair with more
than nine times during the study period, whilst the development was more
modest among younger patients (Table 9). The first octogenarian to undergo
repair for intact dTAA was in year 2000; in the last year of the study period
2017, patients’ >80 years of age represented 12.5% of those who underwent
repair for intact dTAA. With consistently increasing age of the operated pa-
tients, the proportion of patients with comorbidities (pulmonary, cerebrovas-
cular, diabetes, renal) increased naturally over time (Table 8).

The first TEVAR for intact dTAA in this cohort was detected in 1999. Dur-
ing the following 21 years an increasing proportion of intact dTAA repairs
were performed with TEVAR. The proportion intact dTAA repair increased
1997-2003 to 2011-2017 from 7.1% to 76.1% (p<0.001) (Table 8). Among
octogenarians, 93.5% was operated with TEVAR in the last time period and
73.8% in patients <80 years of age. Of those <50 years of age undergoing
intact dTAA repair, 15.4% underwent TEVAR over the full study period.
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The 90-days mortality after intact dTAA repair decreased overall (Table
10). The improvement in perioperative outcome was significant among men,
but not among women, and was sustained at 1-year in men (Table 10). Mor-
tality was lower after TEVAR (6.1%) when compared to OSR (10.2%,
p=0.048), despite that TEVAR patients were older (mean age TEVAR 72.0
years, OSR 65.0 years, p<0.001). One year survival was equal for TEVAR
and OSR. The 5-year survival rate did not change over time, (Figure 17).

In a cox-proportional hazard model, open repair was associated with a 2.7
hazard ratio (HR) for perioperative death compared to TEVAR, Table 11. In-
creasing age and pulmonary disease proved to be predictors of higher periop-
erative mortality. In the long-term, increasing age, cardiac, pulmonary and re-
nal comorbidities were associated with higher HR for death, whilst surgical
technique was not. Sex was not associated with postoperative death neither in
short- (Table 11) nor long-term (men 65.8% and women 66.8%, p=0.709).

0.8 0.014(0.006)-(0.021) Total Intact dTAA repair
i | P=0.001 Men Intact dTAA repair

' 0.016 (0.006-0.021) Women Intact dTAA repair
0,6 4 p=0.002 I
0,5 1 0.011 (0.004-0.018)

P=0.005
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Figure 18. Incidence of intact descending thoracic aortic aneurysm repair per
100,000 population, in total, men and women (coefficient, 95% CI and P-value).

51



Discussion

During the last 25 years, the management of AA and RAA has undergone
great changes in Sweden with a launch of an AAA screening program, im-
proved emergency medical services, increased availability and use of imaging
(ultrasound, computed tomography, and magnetic resonance imaging) in med-
ical practice, broad introduction of endovascular solutions (EVAR/TEVAR)
and improved surgical care °"'** 1% In addition, previous reports have indi-
cated a decreasing prevalence of aortic aneurysms in Sweden, mainly as a re-
sult of reduced smoking exposure '**, this is also reflected in an overall de-
creasing incidence of RAAA (study II). The change in incidence of RAAA
displays a difference between men and women, although smoking habits have
improved equally in both sexes '*°. While incidence of RAAA decreased
among men, women had a relatively stable incidence of RAAA over time.
This difference of incidence reduction in RAAA between the sexes may partly
be explained by the screening program which started in 2006 and focuses on
men >65 years of age.

The overall short- and long-term mortality after RAAA repair is also im-

proving (study II and study III) over time mainly due to: 1) an increasing pro-
portion of RAAA patients presenting to hospital facility alive, 2) an increasing
proportion of ruptured aortic aneurysm being operated on, and 3) improved
surgical outcome due to increasing use of EVAR.
These findings are supported by previous reports from Finland and England *
38.100 " Although women have improved survival after RAAA over time, there
is a sex difference also in post RAAA survival, with women having a poorer
survival rate. This is because a lower proportion of women are operated on,
especially women >80 years of age, but also because of an inferior surgical
outcome compered to elderly men since woman had a lower rate of EVAR.
However, the improvement in outcome for patients with rupture of the de-
scending thoracic aorta was not achieved despite the fact that the transition
from OSR to TEVAR has been even more radical for treatment of this diag-
nosis (study IV). These results may be explained by the fact that an increasing
number of octogenarians and patients with a higher burden of comorbidities
are offered surgery while the aneurysm is still intact, with improved surgical
results. This has led to fewer RATAA presenting to hospitals and hence the
incidence of RATAA repairs has decreased, whilst the opposite goes for intact
dTAA.
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Study I found that three referral vascular centres in Sweden had developed
a distinct primary EVAR strategy for treatment of ruptures during the study
period, treating more than 50% of all RAAA repairs with EVAR. Fourteen
other centres used EVAR in a more modest frequency. This is a moving target,
and over time the number of centres with a primary EVAR strategy for rup-
tures has increased in Sweden, as reflected in the recent Swedvasc annual re-
port *'. Overall, EVAR was the method of choice in 40% of all RAAA oper-
ated and 60% of RAAA operations on octogenarians in 2013 (study II). The
first recorded endovascular repair on RAAA was in this material in 1995
(study II), on intact dTAA in 1999 and on RATAA in 2001 (study IV), indi-
cating that during this time span of almost 25 years that is covered in this
thesis, important technical development and logistical changes have occurred
in the overall management of RAA.

In Study I, no difference in 30- days, 1 and 2 years mortality between primary
open and endovascular strategies for RAAA was detected, suggesting that the
strategies are equivalent without any inferiority. The RCTs that have been
conducted comparing EVAR with OSR for RAAA, have not been able to
demonstrate any early survival benefit for EVAR, supporting the findings in
study T %697 103104

The improved perioperative outcome after EVAR seen in retrospective
studies has been described as due to selection bias. In study I, when assessing
the surgical techniques and not strategy there was in fact lower peri-operative
mortality for patients selected for EVAR, in line with previous population and
centre based reports > %% 137,

Referrals are a much debated confounder when assessing survival after
ruptured aortic surgery. It is anticipated that patients referred from a district
general hospital with a vascular surgical service to a tertiary referral centre are
more complex patients, with a potentially poorer outcome. On the other hand,
patients with aortic rupture who survive the transfer period for treatment at a
tertiary referral centre are probably more stable than those treated at the pre-
senting hospital, suggesting a potential for better outcome for referred pa-
tients. In study I, the referral rate was higher at hospitals with a primary EVAR
strategy and therefore data was analysed with the referral cases excluded, this
however did not affect the result. Study I showed that patients referred for
endovascular repair to primary EVAR centres had a tendency towards better
survival despite the fact that these were often high risk patients, deemed unfit
for open repair.

The IMPROVE trial (the largest RCT-trial on RAAA), with a similar set
up to study I in assessing surgical strategy and not technique, detected an ad-
vantage for EVAR in survival after 3-years '%°, suggesting convincing support
for the benefits of an endovascular strategy versus open repair to treat patients
with ruptured abdominal aortic aneurysm. This result was a breakthrough for
RCT’s in being able to show advantages of EVAR as treatment for RAAA.
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The up-to-date European guideline on management of abdominal aortic aneu-
rysm, after scrutinizing the literature, recommends EVAR '! as the primary
procedural option if the patients with RAAA have suitable anatomy.

In addition to improved mid-term survival, EVAR for RAAA introduces
other benefits for patients suffering from aortic rupture. The IMPROVE trial
also showed that patients treated with EVAR had a higher chance of being
discharged to home at an earlier date compared to those undergoing OSR for
RAAA ' Returning to independent life after any type of surgical treatment
is an extremely important aspect for patients. In study I, centres with a high
rate of EVAR, treated a significantly larger proportion of patients with pul-
monary comorbidities and they could also reduce massive bleeding. Further,
study II suggests that, over time, a more frequent use of EVAR for treatment
of RAAA resulted in more intervention in elderly patients with rupture, lead-
ing to a higher proportion of RAAA patients with rupture being offered surgi-
cal treatment and undergoing repair. This trend occurred without any deterio-
ration in surgical outcome (90-day mortality rate) — on the contrary, an im-
provement in survival after RAAA repair could be seen. This was more clearly
demonstrated after adjusting surgical outcome for increasing use of endovas-
cular repair over time. The analysis suggests that EVAR has had a major im-
pact on the improving surgical results of RAAA treatment in Sweden over
time.

The increasing implementation of EVAR as first-line strategy for management
of RAAA has mainly been driven by the reduction in peri-operative mortality
rates °" 1% 1% However, whether or not the early survival advantage is main-
tained over time has been a matter for debate. The results in Study I1I, demon-
strate that the improved surgical outcome from study Il was converted into
improved long-term survival over time in contrast to a previous report from
Sweden, showing an unchanged long-term survival after RAAA repair 1987-
2005 ', Findings in the current study are also in line with contemporary stud-
ies such as a report from Vascular Quality Initiative registry 2020, where the
conclusion is that early benefits of EVAR are sustained over time '*'. In study
III, patients who had undergone surgery up until 2018 were added to the cohort
from study II. Study III displayed that the RAAA treated population continued
progressively to contain more and more women, octogenarians, patients with
multiple comorbidities as well as EVAR became increasingly dominant as the
treatment strategy.

The number of individuals with RAAA presenting to hospitals also contin-
ued to decline over the additional four years that study III spanned. The reason
is a continued decrease in the prevalence of aortic disease due to reduced
smoking and improved management of cardiovascular risk factors ** '3,
which in turn has resulted in a reduction in the incidence of RAAA. An addi-
tional explanation is that the nationwide AAA screening program likely plays
an important role. The screening program did not reach national coverage until
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2015, therefore the full effect of screening had not been reached during the
period of study II and probably did not reached full effect even during the
extended study period in study II1.

The last period (2010-2017) in study III were significantly associated with
reduced odds of overall mortality. Long-term survival improved throughout
the study timeframe due to the fact that EVAR was associated with reduced
hazard of long-term mortality and that proportion of EVAR increased, 1.5%
in the first time period (1994-2001) to 35.5% in the last. The reduction of 90-
day mortality after repair from Study II, persisted in study III despite the fact
that the operated patients generally became older and more fragile. In a Cox
regression analysis, EVAR was an independent negative predictor for 90-day
mortality. When comparing surgical approach, a reduction in unadjusted long-
term survival was noticed in the latter time period among patients undergoing
EVAR. The most likely explanations to this are firstly, the massive selection
bias between the time periods (only 52 out of 3418 operations was EVAR
during the first time period) and secondly, the change in patients characteris-
tics over time. The findings clearly support an EVAR-first policy in suitable
candidates for acute management of RAAA, in line with prevailing European
guidelines.

Further explanations to the improved long-time survival is, despite increas-
ing comorbidity, that prevention and treatment of the most common causes of
fatal diseases in Sweden has improved during the 24 years that study III co-
vers. The incidence and mortality from heart attacks has decreased in Sweden
by approximately 36% and 56% respectively and 5-year survival after a cancer
diagnose improved by >20% from 2000 to 2015 *> >, Despite this, cardiovas-
cular diseases accounted alone for one third, and together with cancer, for
more than 50% of late cases of death (>90-days survival), in study III, even
though late death due to cardiovascular diseases decreased slightly. Both car-
diovascular pathology and cancer are age-related '** and as more, older pa-
tients were offered repair and survived their RAA, their prevalence in the
study cohort naturally increase. This of course could impact the results in
study IV included in this thesis as well.

In order to gain an increased understanding for endovascular surgery of rup-
tured aortic aneurysm, study IV assessed trends in epidemiology and outcome
on surgically treated descending thoracic aortic aneurysms (dTAA) over a
time span of 21 years in Sweden. An interesting aspect of the study was the
introduction of TEVAR as treatment for intact and ruptured dTAA started ap-
proximately 5 years after the introduction of EVAR as treatment for AAA in
Sweden. The implementation and establishment of TEVAR has been much
more progressive in comparison. Study IV concluded that: 1) The incidence
of ruptured dTAA repair was stable, and no significant improvement in out-
come was achieved in patients with dTAA rupture undergoing repair; 2) The
incidence of intact dTAA repair increased, mainly due to the fact that more
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surgery was performed on male octogenarians; 3) TEVAR has become the
surgical method that is primarily used in the operation for both intact and rup-
tured dTAA. This has resulted in an improved short- and medium-term mor-
tality after intact dTAA repair in men, despite an increase in octogenarians
with escalating comorbidity among the treated patients over time. However,
long-term survival is unchanged. These findings confirm that the broad intro-
duction of TEVAR as primary technique for intact dTAA repair has resulted
in a change in indication for treatment, with an increasing number of patients
being offered surgery, especially among the elderly, with improved perioper-
ative outcome '**. Nonetheless, in this material, it seems that today's surgeons'
need for OSR remains, especially among younger patients, probably due to
inappropriate anatomy for TEVAR and the knowledge that exists with endo-
grafts in the aorta and long-term complications. The observed increase in sur-
gical activity in Sweden is in line with a recent report from Germany ®* which
reported a 100% increase in the number of dTAA operations and a 70% in-
crease in incidence of dTAAs operated on during the last decade. Study IV
could not observe any significant change in incidence of dTAA rupture repair.
Although it would have been plausible to detect a reduction in number of rup-
tures based on the increase in intact dTAA repair activity, it should be noted
that the current study only evaluated patients undergoing surgical treatment
for rupture; hence any changes in rupture incidence, as well as in proportion
of dTAA ruptures being offered surgical intervention, would affect these re-
sults. It is interesting to note that whilst the male:female ratio among patients
undergoing ruptured dTAA repair was 4.5:1 early in this study period (1997-
2003), it was equalised to 1:1 in the final study period (2011-2017). Whether
this change is due to an increasing prevalence of rupture in women, or increas-
ing proportion of women with rupture being offered surgical treatment cannot
be assessed in the current dataset.

The overall short-term mortality after intact dTAA repair was 6.7% in the
final time period and 5.9% among those who were repaired by TEVAR. These
results are on par with a study on 9518 patients from 13 countries '** where
short-term mortality was 4.9% after TEVAR. Similar data were presented
from a meta-analysis '*® that reported a short-term mortality of 4.4% after TE-
VAR. In contrast to study IV, most previous studies on outcome after TEVAR
are not population-based (based on either registries or centre-based report),
introducing the risk for selection bias affecting outcome.

The current analysis found an improvement in early mortality after intact
dTAA repair, mainly due to decreasing mortality among men. Interestingly,
mortality among men undergoing intact dTAA repair in the first time period
was very high at 20.0% (much higher than what was observed in women), and
reduced to 5.7% in the final time period. Overall, the improvement in short-
term and mid-term mortality is partly attributed the increased use of TEVAR
with improved outcome. When assessing early mortality after intact dTAA
repair, OSR was the strongest predictor of early mortality, with a hazard ratio
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of 2.7. However, surgical technique did not affect long-term survival in this
analysis.

Despite the improvement in short term outcome after intact dTAA repair
over time, long-term survival was unchanged. This finding should be inter-
preted in the context of patients being treated in the final time period being
significantly older and with higher rate of comorbidities than those operated
early on. The long-term survival rate of 66.2% at 5-years after intact d-TAA
repair is in line with previous reports '*”-'* and similar or even lower than
what has been reported at 5-years after intact abdominal aortic aneurysm re-
pair at approximately 65-70% 4% '**13° The causes of long-term mortality
were not assessed in study IV, yet it is known that patients with aortic disease
have an increased cardiovascular mortality compared to general population as
earlier discussed, and improved secondary cardiovascular care as well as post-
surgery surveillance may be important factors that may contribute to improve-
ment in long-term outcome.

There are some logistical challenges in using an endovascular (EVAR and
TEVAR) approach as treatment of aortic rupture in an acute setting. For in-
stance, there must be an operating theatre with the possibility to use a fluoro-
scope suitable for the purpose with a 24-hour availability. Vascular surgeons
or interventionists with knowledge of the procedure must also be available at
all times, backed up by surgical nurses who are familiar with endovascular
techniques. For hospitals that do not have a hybrid theatre and staff in place,
a development towards being able to perform endovascular “around the clock”
solutions is associated with major financial development costs for technology
investment and staff training. With this in mind, the possibility of being treated
with endovascular methods thus increases if the patients are treated in a teach-
ing hospital or vascular centre where such investments were done decades ago,
giving rise to a risk of the inherent selection bias for endovascular versus open
treatment in studies. As the progressive adoption of EVAR as strategy for
emergent management of RAA has continued, it is also reasonable to assume
that over time EVAR was progressively adopted even outside the endografts
instructions-for-use, a factor which could also impact outcomes of treatment.

Limitations

Studies in this thesis are based on registry data, which have both limitations
and benefits. The benefits of population based studies include the non-selec-
tive patient cohort, which reflects contemporary “real world” practice and out-
come. The unique personal identification number that all Swedish citizens ob-
tain enables cross-matching of registries and national administrative databases
could therefore be combined with a vascular surgical quality registry for na-
tional analysis in a uniform, single provider health care system such as the
Swedish. This created the possibility to conduct national analysis of data. The
national registries (NPR and CDR) suffer from the risk for misclassifications
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of disease in the coding. However, in study II, there was an excellent overlap
between Swedvasc and NPR in terms of patients undergoing aortic repair, in-
dicating adequate registration. While coding errors are still possible, such er-
rors would affect study groups equally, as data collection occurred inde-
pendently from scientific enquiries as our investigation. The rate of misclas-
sification can also be affected by the AAA screening program. There is a par-
adox in the effect of AAA screening on incidence of RAAA as reported in
registries. If a patient with a known AAA dies a sudden death, the chance that
the cause of death is registered as RAAA is presumably greater than if the
AAA is unknown at the time of death. Thus, AAA screening may result in an
increase in the administrative registration of deaths due to RAAA, although
the true trend may be the opposite.

The autopsy rate in Sweden during the period of studies ranged from 12%
to 6 %. This increases the risk for sudden deaths due to RAAA being misclas-
sified in the CDR as cardiac deaths, and this may affect calculation of RAA
incidences in the studies. Data regarding survival was nearly complete with
almost no loss to follow-up thanks to the possibility to cross match all cases
with the Swedish population registry using a unique identification number for
all study subjects. The only loss to follow-up for survival analysis in the cur-
rent studies would be emigration from Sweden. The annual proportion of em-
igrants was stable over time, with average yearly rates that were estimated at
0.07% (£0.02%) for those aged >70 years and 0.16% (£0.03%) for those aged
>50 years, based on national statistics. Therefore, it is unlikely that loss to
follow-up could have affected the overall trends analysed in the current stud-
ies.
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Conclusions

There was no difference in mortality outcome after RAAA repair among cen-
tres with a primary EVAR strategy compared with primary OSR strategy. Pa-
tients treated with EVAR had a lower mortality at 30 days, regardless of strat-

cgy.

During two decades (1994-2013), the total mortality due to RAAA decreased
in Sweden. This was driven by a falling incidence of the disease, an increasing
proportion of patients with RAAA reaching hospital alive and undergoing re-
pair, as well as a steadily improving survival after RAAA repair. While the
results are improving in men, RAAA incidence was stable in women and mor-
tality after RAAA was higher in women than in men.

The long-term survival has improved in Sweden after RAAA repair during 24
years (1994-2017) mainly explained by improved perioperative survival over
time. This is despite changes in the treatment strategy and that the operated
patients generally became older and more fragile.

The incidence of intact dTAA repair increased in Sweden 1997-2017, mainly
due to broad introduction of TEVAR and repairs being performed in elderly
patients. Early mortality among men who underwent intact dTAA repair de-
creased despite an increasing proportion of those undergoing repair being >80
years of age and with more comorbidities. No change in outcome after repair
could be detected among female patients over these 21 years. Long-term sur-
vival remained stable over time after both intact and ruptured dTAA repair.
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Future research perspectives

The findings in this thesis support that RAA mortality in Sweden has de-
creased since the mid-90s. Whilst this reduction is multifactorial, it is partly
due to the gradual introduction of endovascular techniques. However, the
studies also conclude that OSR has a continuing role in the treatment of RAA.
What the future holds is difficult to predict; for now, studies which help to
tailor the optimal surgical strategy to the right individual for the optimal result
would be valuable. The attitude that the different approaches in the treatment
of AA and ruptures should not compete against each other, but cooperate is of
value.

Although much has happened around the care of aortic rupture and the results
are improving in men, ruptured AAA incidence is stable in women, and aortic
rupture is associated with a higher mortality than in men. This indicates a need
for focused efforts to improve the results of this fatal disease in women. Fur-
ther research investigating the reasons for the worse outcome of RAAA in
women is warranted.

The causes of long-term mortality was not assessed in this thesis. It is known
that patients with aortic disease have an increased cardiovascular mortality
compared to general population. Based on that knowledge, secondary cardio-
vascular care as well as improved surveillance post-surgery may be important
factors that may contribute to improvement in long-term outcome and merit
further studies. A tailored follow-up protocol centred on secondary prevention
and management of cardiovascular conditions could be valuable but needs to
be defined and evaluated.

In the contemporary era more focus needs to be on the long-term durability of
EVAR procedures and their overall cost-effectiveness. Whether EVAR or TE-
VAR in the setting of RAA with unsuitable or unfavourable anatomy, forcing
surgeons to go outside the endografts instructions-for-use, should still be re-
garded as the preferred management option, as compared to OSR or more
complex endovascular techniques, remains a question to be addressed in fu-
ture research.
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Populirvetenskaplig sammanfattning
(Summery in Swedish)

Stora kroppspulsédern (aortan) ér det blodkérl som leder blodet fran hjértat ut
till kroppens alla organ och delar. Aortaaneurysm (AA), en sjuklig utvidgning
(brack), dr den vanligaste sjukdomen som drabbar kroppspulsddern och kan
uppsta var som helst under dess ’forlopp”. AA uppstar vanligtvis i den delen
som sitter i buken och bendmns da abdominellt AA (AAA). AAA ér en relativt
vanlig sjukdom, den férekommer hos ca 1.5 % av alla 65-ariga mén och hos
ca 0.5 % av alla 70-ariga kvinnor i Sverige. Risken med aneurysmen é&r att de
tillvixer med aren och till slut spricker (rupturerar) med katastrofala foljder.
For den som drabbas av aortaruptur (RAA) ér det endast en akut operation
som kan ridda livet och uppskattningsvis utgdr aortaruptur 1 % av dédsorsa-
kerna bland avlidna mén &ver 60 ars alder i Sverige. Med mélet att forhindra
ruptur, har riktlinjer utvecklats for att identifiera patienter i riskzonen och ope-
rera dessa aneurysm i tid. Av de som drabbas av en aortaruptur hinner inte ens
hilften ta sig in till sjukhus for att bli opererade medan de som klarar trans-
porten in och snabbt far mojlighet till kirurgisk behandling har en relativt god
chans att 6verleva. Det finns idag tva olika operationsmetoder att tillga. Den
klassiskt traditionella metoden dr en Oppen aorta operation (OSR) dir den
sjuka eller rupturerade delen av kroppspulséddern ersitts med ett konstgjort
kérl som sys in. Det &r ett stort kirurgiskt ingrepp som kréver att patienten &r
i full narkos, vilket i sig ar ett riskfullt tillstdnd for patienter i cirkulatorisk
svikt, som exempelvis en ruptur. Den andra, en mer modern metod, dr en tek-
nik ddr man istillet lagar aortan genom att ga in med tdtningsmaterial (stent-
graft) genom patientens ljumsk-kérl och pé sé sitt placerar in ett konstgjort
kérl som forstérker och vid ruptur titar, den sjuka delen av aortan. Den sist-
nimnda metoden kallas for endovaskulér aorta reparation (EVAR) och ér en
minimalinvasiv operation som kan utforas pa en vaken patient i lokalbedov-
ning. Eftersom EVAR &r mycket mindre traumatisk och innebér en mindre
fysiologisk péverkan kan allt dldre och sjukare patienter erbjudas operation,
vilket géller bade elektivt intakta aneurysm och de som rupturerat. Utveckl-
ingen av EVAR har lett till att &ven den del av kroppspulsaddern som sitter i
brostkorgen nu gar att opereras minimi-invasivt, det bendmns da thorakal
EVAR (TEVAR).
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Syftet med denna avhandling var att studera trender inom epidemiologi och
behandling av aortaaneurysm samt resultaten av kirurgisk atgérd med sérskilt
fokus pa aortarupturer.

I delarbete I analyserades om EVAR som primér strategi for behandling av
rupturerade abdominala AA (RAAA) hade paverkat det kirurgiska resultatet.
Alla patienter som opererades i Sverige mellan maj 2008 till december 2012
och som registrerats i det svenska karlregistret Swedvasc ingick i analysen.
Totalt inkluderades 1304 patienter fran 29 olika sjukhus som har karlkirurgi i
ordinarie verksamhet. Sjukhus med en primdr EVAR -strategi (behandling
>50 % av RAAA med EVAR) jimfordes med sjukhus som hade en primér
Oppen kirurgisk strategi (behandling <50 % av RAAA med EVAR).

Resultatet av analysen visade ingen skillnad mellan strategierna avseende
dodligheten efter operation av RAAA varken inom 30- dagar eller efter 1 re-
spektive 2 &r. Dock hade EVAR som metod, sammantaget alla sjukhusens
EVAR operationer, en minskad dodlighet i samband med att patienterna ope-
rerades (dod inom 30-dagar efter operationen).

I delarbete II var avsikten att f4 en uppdatering av epidemiologin samt ana-
lysera resultatet efter behandling av RAAA, i skenet av ett modernare omhén-
dertagande av patienter med AAA. Syftet var dven att utvérdera effekten av
en gradvis okande tillimpning av EVAR som operationsmetod. Alla patienter
i Sverige som drabbats av RAAA (vardats, opererats, dott eller pd nagot annat
sitt varit i kontakt med sjukvérden och fatt diagnosen RAAA) under en period
av 20 &r, 1994 till 2013, inkluderades. Totalt 18766 individer med diagnosen
RAAA identifierades fran dodsorsaks-registret, patientregistret och Swed-
vasc. Tiden for studien delades in i fyra 5-ars grupper (grupp 1, 1994-1998,
grupp 2, 1999-2003, grupp 3, 2004-2008, grupp 4, 2009-2013) for att kunna
analysera forandringar over tid.

Denna analys visade att dodligheten till foljd av RAAA i Sverige minskade
over tid, framforallt bland mén. Den minskade dodligheten beror pa en succe-
siv minskning av antal RAAA mellan 1994 till 2013. Andra orsaker till att
dodligheten i RAAA sjonk under studien vara att allt fler som drabbades av
aortaruptur overlevde till sjukhus och blev opererade. Operationsmetoden
EVAR anvindes i 6kande grad med resultatet att fler patienter 6verlevde op-
erationen.

Delarbete III &r en fortséttning av delarbete II men med fokus pa de som
blivit opererade for ett RAAA. Hir analyserades ldng-tids dverlevnad (5 ér)
mot bakgrund av att allt férre patienter blir opererade med klassisk 6ppen ki-
rurgi och allt fler med EVAR. Till delarbete I1I gjordes ett utokat registeruttag
av data for att forldnga studieperioden med 4 ar till totalt 24 &r (1994-2017),
detta for att inkludera patienter som blev opererade till och med 2017. Totalt
8928 individer som blivit opererade pa grund av ett RAAA identifierades fran
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patientregistret och svenska karlkirurgiska registret Swedvasc. Uppdelningar
avseende élder och kon gjordes, som i delarbete II for olika analyser, men nu
i tre 8-arsperioderm istéllet.

Resultaten av analyserna visade att langtidsoverlevnaden efter operation av
RAAA forbattrats fran 1994 till 2017. Framst forklaras detta av en allt battre
overlevnad i samband med det akuta kirurgiska ingreppet, detta trots att de
som opererats blivit gradvis dldre och sjukare.

I delarbete IV analyserades alla individer som opererat ett aneurysm i den
delen av aortan som é&r beléget i brostkorgen (thorax), ndrmare bestdimt den
nedatgdende (descenderande) delen av torakal-aortan (dTAA). Individerna
delades upp mellan de som blivit opererade innan (intakt aneurysm) eller efter
att aneurysmet rupturerat for att analysera och bedéma hur incidensen och det
kirurgiska resultatet av dTAA kirurgi foréndrats fran 1997 till 2017 (21 ar).
875 individer som blivit opererade pé grund av dTAA identifierades fran pa-
tient och dodsorsaksregistret, 665 intakta och 210 rupturerade dTAA.

Analyserna visade att den tidiga dodligheten (d6d inom 30 dagar) efter op-
eration av intakta dTAA minskade for mén under studieperioden, trots att an-
delen opererade dver 80 ars alder 6kade. Antalet opererade intakta dTAA per
100000 invanare (Incidensen) i Sverige dkade framst pa grund av att TEVAR
under studieperioden infordes och med det kunde dldre och sjukare patienter
erbjudas operation for sitt dTAA. For kvinnor dédremot kunde ingen forédndring
ses avseende resultaten efter operation av intakta dTAA och detsamma géllde
overlevnaden efter operation av samtliga rupturerade dTAA (RdTAA)patien-
ter. Langtidsdverlevnaden forblev stabil efter operation av bade intakta och
rupturerade dTAA Over studietiden.

Sammanfattningsvis har dagens moderna sitt att handligga aortaaneurysm,
med nya endovaskuldra metoder, resulterat i en betydande foérdndring av hur
patienter med RAA och dTAA omhéndertas och behandlas i Sverige. De om-
fattande (ovan ndmnda) rikstickande befolkningsbaserade registerstudierna i
den hir avhandlingen pekar pa att EVAR/TEVAR har resulterat i en forbattrad
Overlevnad for patienter som drabbats av RAAA samt att resultaten efter op-
eration av dTAA har forbéttrats.
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