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Objective: Since 2011, the Department of Vascular Surgery at Oslo University Hospital has offered screening for abdominal aortic
aneurysm (AAA) to 65-year-old men living in Oslo, Norway. The aim of this study was to evaluate the effect of the screening project
on AAA-related mortality and rupture and repair rates in the screened population.

Methods: This cohort study included men that participated in AAA screening at the Department of Vascular Surgery at Oslo
University Hospital in the period May 2011 to September 2019. All men with screen-detected AAA (aortic diameter >30 mm) and
subaneurysmal aortic dilatation (aortic diameter 25-29 mm) were included. A stratified (1:1 with the subaneurysm group), randomized
selection of men with normal aortic diameter (<25 mm) upon screening was also included. The follow-up data on events (ruptures,
repairs, and deaths) after screening were collected retrospectively from patient electronic medical records at Oslo University Hospital,
the National Population Register and the Norwegian Cause of Death Registry (CoDR).

Results: In total, 2048 men were included, with a median follow-up time of 7.1 years (IQR 3.8). Among men with screen-detected
AAA, 0.6% died of AAA-related causes (0.9 AAA-related deaths per 1000 person-years). The rupture rate was 0.3% among men with
screen-detected AAA or subaneurysmal aortic dilatation, giving an incidence of 0.5 ruptures per 1000 person-years. The overall repair
rate in the AAA group was 20.6% (36.1 repairs per 1000 person-years) and 0.6% (0.9 repairs per 1000 person-years) in the
subaneurysm group.

Conclusion: In a population screened for AAA, the incidence of rupture and the AAA-related mortality was very low. Almost one-
fifth of the participants with screen-detected AAA underwent elective repair, representing a group that might have presented with
rupture if untreated. These results indicate that screening is valuable in preventing AAA rupture and AAA-related mortality.
Keywords: rupture rate, repair rate, subaneurysmal aortic dilatation, AAA-related mortality

Introduction

Abdominal aortic aneurysm (AAA) is usually an asymptomatic condition, often detected incidentally or through
screening, and many will not require repair. However, surveillance is indicated to monitor growth and to intercept
aneurysms at risk of rupture. AAA rupture is an acute and lethal condition, and intervention (open surgical- or
endovascular repair) is required to prevent death. The total mortality for ruptured AAA has been reported to range
from 50% to 95%, and the mortality after intervention as 30-43%.' > Screening for AAA significantly reduces the risk of
rupture and AAA-related mortality.'” Some studies have also shown that invitation to screening significantly reduces
all-cause mortality.”*!!

The European Society for Vascular Surgery (ESVS) recommends (Class 1 recommendation, evidence level A) one-time
ultrasonographic screening of the abdominal aorta for all men at the age of 65 years.'” The ESVS guidelines recommend
surveillance for men with aortic diameter >30 millimetres (mm), and men with subaneurysmal aortic dilatation (aortic diameter
25-29 mm) may also be considered for a repeated scan after five to ten years (Class 2b recommendation, evidence level C).
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To our knowledge, only four randomized trials have been conducted to evaluate AAA screening, dating back to the
1980s and 1990s."*"'° Since then, several observational follow-up studies of individuals with screen-detected AAA have
demonstrated the benefits of screening.”f19 Epidemiological variations in screened populations, a decreasing prevalence
of AAA, and differences in the organization of AAA screening and surveillance, all warrant continued evaluation of
AAA screening.”’

Since 2011, the Department of Vascular Surgery at Oslo University Hospital has conducted a research project in
which AAA screening is offered to 65-year-old men living in Oslo, Norway.?' The aim of this study was to evaluate the
effect of the screening project on AAA-related mortality, AAA rupture rate and AAA repair rate.

Materials and Methods

This observational follow-up study included 65-year-old men that participated in AAA screening at Oslo University
Hospital, in the period May 2011 to September 2019. The study period spanned from May 2011 until July 2022. Data on
participants were collected retrospectively. The primary endpoints were AAA-related mortality and AAA rupture- and
repair rates among men with screen-detected AAA or subaneurysmal dilatation. The secondary endpoint was all-cause
mortality for all the participants.

The included participants were allocated to three groups according to aortic diameter upon screening: AAA (aortic
diameter >30 mm), subaneurysmal aortic dilatation (aortic diameter 25-29 mm) and normal aortic diameter (<25 mm).
We included all men with screen-detected AAA and subaneurysmal aortic dilatation, and a stratified (1:1 with the
subaneurysm group), randomized selection of men with normal aortic diameter (Figure 1).

The screening project is described in detail, by Rabben et al, in previously published work on AAA prevalence and
risk factors in the same study population.! Annually, 65-year-old men living in Oslo are invited to AAA screening once
by letter. The AAA screening is conducted at the Department of Vascular Surgery at Oslo University Hospital by
specially trained nurses and radiographers. Upon screening, oral and written information is given to all screening
participants with an aortic diameter >25 mm, including recommendations on surveillance through their general practi-
tioners (GPs) at specific intervals. This written information is also sent to the participants’ GPs. AAA surveillance in
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Figure | The inclusion process and the registered events after screening, at Oslo University Hospital.
Abbreviation: AD, aortic diameter.
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Oslo is managed by GPs until aortic diameters reach 45 mm, after which the participants are referred to Oslo University
Hospital for further evaluation, follow-up, and treatment. Oslo University Hospital is the only center for AAA repair in
Oslo. If participants have moved to another city during the follow-up period or found themselves in another city upon
rupture, they might have received treatment in other hospitals.

By September 2019, 13,215 men had been screened, revealing an AAA prevalence of 2.6% in this population.?’ The
attendance rate varied from 63% to 78%. Demographics for this screened population, such as smoking and comorbidities,
have been reported in a previous study, in which four independent risk factors for AAA were identified — smoking,
hypertension, BMI >30 and diabetes mellitus, of which the latter had an inverse relation.*!

All deaths during the study period were accounted for through the National Population Register. Causes of death were
obtained from patient electronic medical records at Oslo University Hospital and the Norwegian Cause of Death Registry
(CoDR). In the CoDR, causes of death have not yet been made available for deaths that have occurred after 31 December 2021.

Follow-up data on rupture and repair for men with AAA and subaneurysmal aortic dilatation were collected
retrospectively from the patient electronic medical records at Oslo University Hospital. Indication for AAA repair was
evaluated according to ESVS guidelines.'? All patients considered for AAA repair at Oslo University Hospital were
discussed at multidisciplinary meetings, with vascular surgeons and interventional radiologists, before they received
treatment. Statistical analyses were performed with Stata/SE (ver. 17.0). Continuous variables are presented as medians
with interquartile ranges (IQR) and categorical variables are presented as values and percentages. Incidence rates are
presented per 1000 person-years with 95% confidence intervals (CI). Kaplan-Meier survival analysis was performed
using the screening date, and the date of death or the censored date (the latest being 31 July 2022). The Log rank test was
used to test for differences in mortality risk between groups, and the significance level was set to p < 0.05. Causes of
death were compared between groups using contingency tables and Pearson’s chi-squared test when all expected counts
were above five, and Fisher’s exact test when the expected count criterion was not fulfilled.

The “Strengthening the reporting of observational studies in epidemiology” (STROBE) guidelines were followed for
the reporting of this observational study.

The study was approved by the Regional Committees for Medical and Health Research Ethics (REC reference
number 2009/866) and complies with the Declaration of Helsinki. Written informed consent was obtained from all
participants.

Results

During the screening period, from May 2011 to September 2019, a total of 13,215 men were screened.?! In total, 330
men with AAA and 859 men with subaneurysmal aortic dilatation were detected and included in this study (Figure 1). In
addition, 859 men with aortic diameter <25 mm upon screening were included, leaving a total number of 2048
participants for the final analysis. The median follow-up time was 7.1 years (IQR 3.8), and the last observed exit was
after 11 years. At the end of the study period, in July 2022, 11.6% of the participants had moved to other cities in
Norway, but the exact moving dates were unknown. Thus, with respect to the outcomes of AAA rupture and repair, these
participants may have been lost to follow-up. The data on mortality and cause of death, however, were collected from
national registers and were therefore not affected by participants moving.

AAA-Related and All-Cause Mortality

In the AAA group, there were two AAA-related deaths (0.6%) (Table 1). The AAA-related mortality was thus 0.9 deaths
per 1000 person-years (95% CI 0.2, 3.7) among men with screen-detected AAA and 0.1 deaths per 1000 person-years
(95% CI1 0.04, 0.6) in the total study population. One participant died within 30 days following elective AAA repair and
one participant, who had been considered not eligible for elective AAA repair, died from a ruptured AAA.

At the end of the study period, 14.9% of the men in the AAA group had died, 7.5% had died in the subaneurysm group
and 6.8% had died in the group of men with normal aortic diameter upon screening (Figure 1). The all-cause mortality was
22.4 deaths per 1000 person-years (95% CI 16.9, 29.7) in the AAA group. In the subaneurysm group, all-cause mortality
was 11.2 deaths per 1000 person-years (95% CI 8.8, 14.3), and in the group with normal aortic diameter the all-cause
mortality was 10.2 deaths per 1000 person-years (95% CI 7.7, 13.1).
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Table | Causes of Death for the Three Aortic Diameter Groups

Causes of Death AAA Subaneurysmal Aortic Normal Aortic p-value
(n = 49) Dilatation (n = 64) Diameter (n = 58)
Infection 4 (82 4 (6.3) 8(13.8) 0.37%
Sudden death/unknown cause 3 (6.1) 2 (3.1) 1 (1.7) 0.51%
Malignant disease 20 (40.8) 30 (46.9) 28 (48.3) 0.72f
Lung cancer* 10 (50.0)* Il (36.7)% 4 (14.3)* 0.1t
Cardiac-/cerebrovascular events 6(12.2) 14 (21.9) 10 (17.2) 0411
COPD 5(10.2) 3(47) 1 (1.7) 0.16*
AAA-related 2 (4.1) 0 0 0.081%
Other 6(12.2) 6 (9.4) 5(8.6) 0.85*
Missing data 3 (6.1) 5(7.8) 5(8.6) 0.94*

Notes: Column headings are stated in bold text. Data are presented as n (%). P-values were calculated using Pearson’s Chi-squared test! or
Fisher’s exact test¥. *Cases of lung cancer (italicized text) are noted as a separate subgroup under malignant disease, with the percentages given
relative to the total number of participants who died from malignant disease in each of the three aortic diameter groups.

Abbreviation: COPD, chronic obstructive pulmonary disease.

All-cause mortality was significantly higher in the AAA group compared to the subaneurysm group (p < 0.001) and
the group with normal aortic diameter (p < 0.001), but the difference was not statistically significant when comparing the
subaneurysm group to the group with normal aortic diameter (p = 0.58) (Figure 2).

Information on the cause of death was available for 159 (93.0%) of the 171 deceased participants. Autopsy was
performed in 18 cases (10.5%). The major causes of death in all three groups were malignant disease and cardiac-/
cerebrovascular events. Lung cancer was the major malignant disease in the AAA- and subaneurysm group (Table 1).
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Figure 2 Kaplan—Meier survival curves of the study population allocated to three groups according to aortic diameter upon screening: AAA, subaneurysmal- and normal
aortic diameter. The latest censor date was 31 July 2022.
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AAA Rupture

In the AAA group, three participants were admitted to Oslo University Hospital due to rupture during the study period

(Figure 1). One participant underwent non-emergency endovascular aneurysm repair (EVAR) due to a contained rupture
discovered upon screening. The aneurysm diameter was 38 mm, and a mycotic ethology was a possible cause. A second
participant underwent emergency open surgical repair for a CT-verified ruptured AAA with a diameter of 65 mm. The
rupture occurred 8.5 years after screening. This patient had a follow-up ultrasonographic scan of the abdominal aorta, at
the hospital, around one year after the initial screening (screening diameter 35 mm), the diameter was then 36 mm. After
this, the patient was under surveillance, at the hospital, for an aneurysm of the ascending aorta with aortic valvular
regurgitation, but surveillance for his AAA seems to have fallen out. A third participant died 6.5 years after screening of
an untreated ruptured AAA, confirmed upon autopsy. The last known aortic diameter for this man was 57 mm, five
months prior to rupture, and he was considered not eligible for elective AAA repair due to advanced age and
comorbidities. In total, the rupture rate in the AAA group was 0.9% giving an incidence rate of 1.6 ruptures per
1000 person-years (95% CI 0.5, 4.9).

In the subaneurysm group, one participant was treated for ruptured AAA in another hospital, and further information
was unavailable. This gave a total rupture rate of 0.1% in the subaneurysm group, equivalent to an incidence of 0.2
ruptures per 1000 person-years (95% CI 0.02, 1.2).

In total, the rupture rate was 0.3% among men with aortic diameter >25 mm upon screening, giving an incidence of
0.5 ruptures per 1000 person-years (95% CI 0.2, 1.4).

AAA Repair

In the AAA group, a total of 68 men (20.6%) received AAA repair after a median time of 1.8 years (IQR 4.1),
corresponding to an incidence of 36.1 repairs per 1000 person-years (95% CI 28.5, 45.8) (Figure 1). The diameters upon
repair and aortic diameter growth rates are given in Table 2. Upon screening, 21 men already had an aortic diameter
>55 mm, and all received elective AAA repair shortly after the screening.

In the subaneurysm group, a total of five men (0.6%) received AAA repair after a median time of 8.2 years (IQR 2.4).
This gave an incidence of 0.9 repairs per 1000 person-years (95% CI 0.4, 2.1) in the subaneurysm group.

Excluding three participants that underwent rupture repairs (Figure 1), a total of 70 participants underwent elective
AAA repair, where 63 (90.0%) were open surgical repairs, 5 (7.1%) were EVAR procedures and 2 (2.9%) were unknown
(they had been treated in other cities than Oslo). Among the 70 elective repairs, one participant died within 30 days of
repair (open surgical repair), giving an overall 30-day mortality rate of 1.4% for elective AAA repairs.

Table 2 Aortic Diameter Upon Repair and Aortic Growth Rate for Five Groups Defined by Aortic Diameter
Upon Screening

Aortic Diameter n AAA Aortic Diameter Upon Aortic Growth Rate in mm
Upon Screening (mm) Repairs - n Repair — Median (IQR) Per Year — Median (IQR)
25-29 859 5 50 (5.0)* 2.9 (1.2)

30-39 258 16 57 (6.5)** 3.6 (0.9)

4049 47 28 56 (4.0)*** 4.0 (3.0

50-54 4 3 56 (4.0) 5.7 (47)

255 21 21 63 (15.0)

Total 1189 73 57 (6.0) 4.0 3.3)

Notes: Column headings are stated in bold text. All AAA repairs are included, also ruptures. In the subaneurysm group (aortic diameter 25—
29 mm) aortic diameter upon repair was missing for one participant. *Two men received repair with an aortic diameter <55 mm, both had
bilateral common iliac artery (CIA) aneurysms where at least one was 235 mm. **Three men received repair with an aortic diameter <55 mm,
one due to a mycotic contained rupture, one patient insisted on treatment at aortic diameter of 5| mm and one due to bilateral CIA aneurysms
where at least one was 235 mm. ***Four men received repair with an aortic diameter <55 mm. One had unilateral CIA and internal iliac artery
(IIA) aneurysms, three had bilateral CIA aneurysms. Three of four had at least one aneurysm 235 mm.
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Discussion

The main finding in this study was an AAA-related mortality incidence of 0.1 per 1000 person-years in a screened population
of 65-year-old men. The incidence of rupture among men with screen-detected AAA and subaneurysmal aortic dilatation was
0.5 per 1000 person-years. This indicates that AAA screening in 65-year-old men is still a relevant and valuable effort.

Our results are in coherence with other observational studies revealing low AAA-related mortality and rupture rates in
screened populations. Hultgren et al detected two AAA-related deaths in the 5-year follow-up 662 individuals with
screen-detected AAA.'” Haque et al found that 7.5% of deaths with recorded cause (35.8% of the deaths lacked recorded
causes) were due to AAA rupture, in a population under surveillance over 19 years.** Chun et al present an overall AAA-
related mortality of 0.03% in a screened population with a follow-up time of 10 years, and 2.1% suspected deaths from
rupture among individuals with screen-detected AAA.'® Previous studies report rupture rates in different screened
populations with varying follow-up times, ranging from 0.004% to 2.1%.'7'®* The feasibility of comparing AAA-
related mortality and rupture rates across studies can, however, be questioned due to the varying ways of reporting these
outcomes and the small outcome numbers.

The discrepancies in AAA-related mortality and rupture rates across studies may reflect differences in the distribution
of risk factors in the screened populations and in the distribution of aneurysm size upon screening. It may also reflect
variations in the organization of surveillance regimes and the length of follow-up in the reporting of studies. Taking these
factors into account, it may not be feasible to evaluate screening programs based exclusively on AAA-related mortality
and rupture rates. As a point in case, Hultgren et al found a higher rupture rate among non-participants, defined as men
who declined their invitation to AAA screening.'” Ahmad et al examined self-reported reasons for non-participation in
AAA screening, in which the main reply was “did not want screening”.>* Non-participants in screening may be an
important group to focus on in the effort to reduce AAA-related mortality.

An important aspect of AAA-related mortality is the potential for undetected AAA-related deaths. All deceased
participants in this study population were accounted for through the National Population Register and their causes of
death were obtained from the CoDR, decreasing the apparent risk of undetected AAA-related deaths. However, the stated
causes of death were given without an autopsy in 90% of the cases, and there were in total six cases categorised as
sudden death/unknown cause.

As expected, and in coherence with other studies, there was a significantly higher all-cause mortality among
participants with screen-detected AAA, compared to participants with aortic diameter <30 mm.'®* Duncan et al
found that the mortality risk in men with subaneurysmal aortic dilatation was significantly higher than in men with
aortic diameters <25 mm.?> In our study, there was no significant difference in all-cause mortality between these two
groups. The cohort in this study was relatively large, but few patients died, leading to a potential lack of statistical power
to detect differences in all-cause mortality. Causes of death were not significantly different across the three groups. The
major causes of death were malignant disease and cardiac-/cerebrovascular events, and this finding is in agreement with
those in other studies.*>**

One-fifth of men with screen-detected AAA underwent AAA repair in this study. Data from the national screening
program in Sweden have shown a repair rate of 22% among screen-detected AAAs during a follow-up period of 1-7 years."”
The high repair rate among men with screen-detected AAA in our study suggests that screening is beneficial in preventing
potential ruptures. Another important aspect is that Lindholt et al found that the 30-day mortality after elective AAA repair was
significantly lower in patients with screen-detected AAA, compared to that in patients with incidentally detected AAA.*°

In the subaneurysm group, we found a repair rate of 0.6%. Only 50% of the participants in this study had a follow-up time
of more than seven years. With longer observation time, we could expect a higher repair rate in the subaneurysm group. Other
observational studies have demonstrated that 58—68% of men with screen-detected subaneurysmal aortic dilatation develop
AAA within five years of surveillance, and 26-30% reach an aortic diameter >55 mm within 1015 years.”” >’

In this study, only 7.1% of elective repairs were performed using EVAR. The Department of Vascular Surgery at Oslo
University Hospital opts for open surgical repair in young and eligible/low-risk patients, in accordance with the National
Institute for Health and Care Excellence (NICE) guidelines.’® Since screening was performed in 65-year-old men, after
a median follow-up time of 7 years, they are still considered to be young patients.
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The 30-day mortality after elective AAA repair of 1.4% in this study, representing a single patient who underwent
open surgical repair, naturally lacks statistical power. A recent meta-analysis reported a 30-day mortality of 1.2% and
3.1% for elective EVAR and open surgical repair, respectively.’’ The Norwegian Vascular Surgery Registry (NORKAR)
reports a decrease in 30-day mortality after elective AAA repair from 2.5% to 1.8% during the last five years.*> EVAR
procedures constitute 49-57% of all AAA repairs in Norway. The Department of Vascular Surgery at Oslo University
Hospital is currently the only center in Norway offering AAA screening.

Limitations

The follow-up data were obtained exclusively from electronic medical records at Oslo University Hospital. Two issues
present themselves. Firstly, Oslo University Hospital is the only treatment center for AAA in Oslo, but at the end of the
study period 11.6% of the participants had a registered home address in another city. Secondly, AAA surveillance is
managed by GPs until the aortic diameters reach 45 mm, and the number of participants lost to follow-up is unknown.
Chun et al found a follow-up rate of 65% for men with screen-detected AAA, while men with small aneurysms
(30-39 mm) were less likely to be followed up than men with larger aneurysms.*® In their study, follow-ups were
initiated by electronic medical record reminders sent to the primary care physicians. In the Multicentre Aneurysm
Screening Study (MASS) in England, the seven-year follow-up rate for men with screen-detected AAA was 76%, and
follow-ups were organized by the screening facilities during the first five years.” In view of the organization of the
healthcare system in Norway, it would not be feasible to manage all AAA surveillance in hospitals. However, the primary
healthcare system in Norway is reliable in systematic surveillance of medical conditions, and several other surveillance
regimes are managed by GPs, for example surveillance in regard to relapse after treatment of colon cancer.

Conclusion

The follow-up of 65-year-old men screened for AAA showed low AAA-related mortality, constituting of one participant
with AAA rupture found unsuited for repair due to advanced age and comorbidities and one participant who died after
elective AAA repair. The circumstances around these deaths did not indicate any insufficiency in the AAA screening or
the AAA surveillance. Almost one-fifth of the men with screen-detected AAA underwent elective AAA repair.
Untreated, some of these participants may have developed rupture, indicating that AAA screening may prevent several
potential ruptures. These results show that screening is still a relevant effort in reducing AAA-related mortality. A few
men with screen-detected subaneurysmal aortic dilatation grew to an aortic diameter indicating AAA repair and this
supports current ESVS guidelines suggesting a repeated ultrasonographic scan after five to ten years for this subgroup.
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