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Abstract

Introduction: The endovascular method as a less invasive treatment for patients with abdominal aortic aneurysm
(AAA) has become an alternative to conventional open surgery.

Aim: The objective of the present study was to analyse the outcomes of endovascular treatment of AAA patients in
long-term observation.

Material and methods: A group of 236 AAA patients subjected to planned endovascular aneurysm repair (EVAR)
between 2010 and 2015 was reviewed. Rates of mortality, surgical complications and re-interventions were collected
in the separate time periods, i.e. up to 30 days after surgery, 30 days to 3 years, and from 3 to 5 years after surgery.
Cumulative rates of these parameters were evaluated in the short-term (up to 30 days after surgery), medium-term
(up to 3 years), and long-term (up to 5 years after surgery) perspective.

Results: The median age of patients was 75 years, and the most common comorbidities were arterial hypertension
(54%) and ischaemic heart disease (52%). Cumulative short-, medium- and long-term mortality rates were 2.5%,
14.2% and 28.9%, respectively. Total rates of surgical complications in short-, medium- and long-term observation
were 7.6%, 12.6% and 17.5%, respectively. The cumulative rate of re-interventions ranged from 4.2% to 11.4%.
Conclusions: In the consecutive time periods, the increase in the percentage of surgical complications and re-inter-
ventions increased gradually, in contrast to mortality, where the curve grew significantly, which is expected due to
the aging and numerous comorbidities in the observed group of patients.
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lower pain scores, leading to shorter hospitalization

Introduction ) .
and faster recovery in comparison to open surgery

Elective treatment of patients with an abdominal
aortic aneurysm (AAA) has undergone a remarkable
evolution over the last two decades. The traditional
open laparotomy used for surgical repair has been
gradually replaced by less invasive interventions,
such as the placement of endovascular stents (en-
dovascular aneurysm repair — EVAR). The latter pro-
cedure is associated with less traumatic stress and

[1-4]. Reports from the United States show that
EVAR has become the most frequently used type
of intervention for AAA [5-7]. In Poland, the endo-
vascular method is the only alternative to the con-
ventional open surgical treatment of this group of
patients.

The endovascular repair of AAA with implanted
stent grafts is associated with some inherent draw-
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backs. The major complication, both in short- and
long-term perspectives, is formation of characteris-
tic leaks. In some cases, especially in the type | leaks,
such complications require surgical interventions
[8-12]. The cost of equipment required to perform
repair using the endovascular technique is higher
than the costs of an open procedure. Moreover, the
benefits of endovascular treatment of AAA com-
pared to the open surgery are maintained mostly in
the short-term period and are comparable in long-
term observation [13-15].

Aim

The aim of the present study was to evaluate
time-related changes in morbidity and mortality
rates among 236 patients subject to planned EVAR
between 2010 and 2015. Cumulative rates of mor-
tality, surgical complications, and re-interventions

after endovascular treatment of AAA were compared
with world reports.

Material and methods

Medical records of 236 patients with AAA sub-
ject to elective implantation of the stent graft us-
ing the endovascular method from 2010 to 2015 in
the Department of Vascular Surgery and Angiology,
at the Brothers of Mercy St. John of God Hospital
in Cracow were reviewed. Computed tomographic
(CT) angiography (CTA) of the abdominal aorta was
performed in all patients prior to treatment using
a 32-row spiral AQUILION 32 scanner (Toshiba).
Generally, patients were qualified for intervention
based on the AAA diameter above 5-5.5 cm or the
annual growth over 0.5-1.0 cm. Selection of open
and endovascular repair was based mainly on the
anatomy of AAA, patients’ age and their general
health condition. Prior to EVAR, all patients were
subject to routine biochemical blood analysis and
echocardiography, and their risk of surgery-related
morbidity and mortality was evaluated with the
V-Possum scale.

All repairs were performed in the Endovascular
Therapy Unit of the hospital, using dedicated radio-
logical equipment (Philips). Local or subarachnoid
anaesthesia was used in the majority of the pa-
tients, with a few patients requiring general anaes-
thesia. Stent grafts were deployed using systems of
various manufacturers, including Zenith COOK, En-
durant Medtronic, Excluder Gore, Jotec E-tegra, etc.
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Follow-up examinations in the Regional Outpa-
tient Centre for Vascular Diseases of the Hospital
were generally planned 1, 6, 12, 18, 24, 36 and 60
months after the surgery. Additionally, patients were
regularly evaluated by phone interviews, and dates
of death were verified using data obtained from the
census registry office.

Rates of mortality, surgical complications and
re-interventions were evaluated in three separate
periods following the surgery — up to 30 days after
surgery (236 patients), 30 days to 3 years (180 pa-
tients), and 3 to 5 years after surgery (102 patients).

Cumulative rates of mortality, surgical com-
plications and re-interventions were assessed in
the short-term (up to 30 days after surgery), me-
dium-term (up to 3 years), and long-term (up to
5 years after surgery) perspective.

Statistical analysis

Statistical analysis was performed using the Sta-
tistica 12 software package (StatSoft Polska). Com-
parison between observed and predicted short-term
mortality according to V-Possum was evaluated by
the Hosmer-Lemeshow test. Up to the medium- and
long-term perspective we used the dynamic series
methods for which fixed basis change indexes of
mortality, surgical complications and re-interven-
tions were calculated.

Results

The study population consisted mostly of male
elderly patients with numerous co-morbidities (Ta-
ble ). The median predicted morbidity and mortal-
ity risk calculated using the V-Possum score were
respectively 27.1% and 2.9%. The ejection fraction
of the left ventricle and basic biochemical param-
eters of blood, such as haemoglobin, urea and cre-
atinine levels, were within the reference ranges in
the majority of the patients. Nicotine addiction was
recorded in the medical history of 61 (26%) patients.
The median AAA diameter was 59 mm (IQR 54-65)
and clinical manifestations of AAA were recorded in
45 (19%) patients (Table Il). The median duration of
surgery was 105 min and the median volume of ad-
ministered Optiray contrasting agent was 110 ml.

In the first of the investigated time periods, i.e.
up to 30 days after surgery, mortality was 2.5% and
surgical complications occurred in 18 (7.6%) patients
(Table 11). Thrombosis and occlusion of the stent graft
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Table I. Demographic and clinical-pathological
characteristics of patients

Parameter Results
Number of patients, n 236
Age [years], median (IQR) 75 (69-80)

Male/female, n (%) 204 (86)/32 (14)

Comorbidities, n (%):

General arteriosclerosis 84 (36)
Blood hypertension 127 (54)
Ischaemic heart disease 122 (52)
Heart valve disorders 17 (7)
Arrhythmia 37 (16)
Diabetes mellitus 47 (19.9)
Chronic renal failure 21(8.9)
Lung disease 34 (14.4)
Thyroid disease 19 (8.0)
Oncological disease 17 (7)
Nicotine addiction, n (%) 61 (26)
Ejection fraction (%), median (IQR) 55 (43-60)

V-Possum morbidity (%), median (IQR) 27.1(20.9-33.6)

V-Possum mortality (%), median (IQR) 2.9 (1.9-3.6)

Haemoglobin [g/dl], median (IQR) 13.4 (12-14.4)

Urea [mmol/l], median (IQR) 7.7 (6-9.7)

Creatinine [umol/l], median (IQR) 95 (79-121.7)

with acute ischaemia of the lower limb was reported
in 6 (2.5%) patients. Leaks occurred in 6 cases: type |
(3 patients) and type Il (3 patients). Infections and
bleeding at that access site in the groin were identi-
fied in 4 (1.7%) and 2 (0.8%) patients, respectively.
Ten (4.2%) patients required re-interventions after
endovascular treatment. All patients with thrombo-
sis and occlusion of the stent graft with acute isch-
aemia of the lower limb required re-interventions. In
5 cases femorofemoral bypass surgery was carried
out, and 1 patient was subjected to thrombecto-
my of the left and right iliac limbs, with angioplasty
and implantation of a stent in the right iliac limb. In
all patients with type | leak during short-term ob-
servation, re-intervention, which consisted of stent
graft reimplantation, was also performed. Patients
with type Il leak and infection of the wound in the
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Table Il. Characteristics of abdominal aortic an-
eurysm (AAA) and perioperative features of the
implanted stent graft

Parameter Results
Number of patients, n 236
AAA diameter [mm], median (IQR) 59 (54-65)

Symptomatic AAA yes/no, n (%) 45 (19)/191 (81)

Concomitant aneurysm of iliac arteries,
n (%):

Right common iliac artery 58 (25)
Left common iliac artery 52 (22)
Right externaliliac artery 1(0.4)
Right internal iliac artery 7(3)
Left externaliliac artery 0(0)
Left internal iliac artery 14 (6)
Concomitant thoracic aorta aneurysm, 3(1)

n (%)

Operation time [min], median (IQR) 105 (89-125)

Anaesthesia, n (%):

Local 105 (45)
Subarachnoid 86 (36)
General 45 (19)
Type of implanted stent graft, n (%):

Zenith COOK 69 (29)
Endurant Medtronic 78 (33)
Excluder Gore 36 (15)
Jotec E-tegra 47 (20)
Other 6(3)

Covering of external iliac arteries yes/no, 87 (37)/149 (63)

n (%)

Volume of administered Optiray 110 (97-132)

contrasting agent [ml], median (IQR)

Hospitalization [days], median (IOR) 6 (4-8)

groin did not require any surgical intervention. In
1 patient with bleeding from the wound in the groin,
a surgical revision of the wound was performed, with
haemostasis and haematoma evacuation, while in
the case of 1 patient conservative treatment and
compression were applied.

The cause of death was myocardial infarction in
3 patients, occlusion of the stent graft with acute
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Table 1ll. Number and rate of mortality, surgical complications and re-interventions in

separate periods

of time
Period of time Up to 30 days 30 days to 3 years 3 to 5 years
after surgery after surgery after surgery
Number of patients, n 236 180 102
Mortality, n (%) 6 (2.5) 21(11.7) 15 (14.7)
Surgical complications, n (%) 18 (7.6) 9 (5) 5(4.9)
Type | leak, n (%) 3(1.3) 3(1.7) 3(2.9)
Type Il leak, n (%) 3(1.3) 2 (1.1) 0(0)
Type IV leak, n (%) 0(0) 0(0) 1(1.0)
Type V leak, n (%) 0(0) 2 (1.1) 1(1.0)
Thrombosis and stent graft occlusion with 6 (2.5) 2(1.1) 0(0)
acute ischaemia of a lower limb, n (%)
Bleeding from wound in the groin, n (%) 2(0.8) 0(0) 0(0)
Infection of wound in the groin, n (%) 4(1.7) 0(0) 0(0)
Re-interventions, n (%) 10 (4.2) 6 (3.3) 4(3.9)

ischaemia of a lower limb in 2 patients and hypovo-
laemic shock caused by leak type | in 1 patient.

The observed and predicted short-term mortality
according to the V-Possum scale was not statistical-
ly significantly different, respectively 2.5% and 2.9%
(p = 0.7993).

In the time period from 30 days to 3 years fol-
lowing surgery (180 patients) the mortality rate was
11.7% and surgical complications occurred in 9 (5%)
patients. The most frequent complications were
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Figure 1. Mortality, surgical complications and
re-interventions in short-, middle- and long-
term observation — cumulative curves
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leaks (7, 3.9%), including type | in 3 cases (1.7%),
type I1'in 2 (1.1%) and type V in 2 (1.1%). In 2 cases
(1.1%), there was thrombosis and occlusion of the
stent graft with acute ischaemia of the lower limb.
During this period, 6 patients (3.3%) had re-inter-
vention due to complications (Table Ill). Each patient
with type | leak and thrombosis and occlusion of the
stent graft with acute ischaemia of a lower limb was
subject to re-interventions. Patients with type | leak
had reimplantation of a stent graft. Thrombosis and
occlusion of the stent graft with acute ischaemia of
a lower limb was treated with femorofemoral bypass
with thrombectomy. In the case of 1 patient with type
V leak, reimplantation of a stent graft was applied.

The main cause of death in patients was comor-
bidities, especially ischaemic heart disease. In 1 pa-
tient, death was caused by occlusion of the stent
graft with acute ischaemia of the lower limb.

The mortality rate for the period from 3 to 5 years
following the surgery (102 patients) was 14.7% and
surgical complications occurred in 5 (4.9%) of the pa-
tients. All of these complications were leaks, i.e. type |
in 3 cases (2.9%), type IV in 1 (1.0%) and type V
in 1 (1.0%). Re-intervention in the last time period
subject to our research took place in 4 (3.9%) cases
(Table Il1). In 3 patients with type | leaks and 1 pa-
tient with type IV leak, reimplantation of the stent
graft was performed. The main cause of death in pa-
tients was comorbidities, especially ischaemic heart
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Table IV. Change in dynamics of mortality, surgical complications and re-interventions in the medium- and

long-term perspective

Analysed parameter

of complications
30 days versus 30 days

Dynamics index with a fixed basis

3 years versus 30 days 5 years versus 30 days

f\/\ortality [m] im—BO days = ]' im—B years = 668 im—S years = 27’4
Surgical complications [sc] o 30 days = 1 i3 years = 1.66 iscs years = 23
Re-interventions [ri] 11130 days = 1 i 1.79 i =27

ri-3 years = ri-5 years

disease. No causal relationship with stent graft im-
plantation was observed.

Figure 1 shows time-related changes in the cu-
mulative rates of mortality, surgical complications,
and re-interventions. There was a marked increas-
ing trend in mortality from 2.5% to 14.2% and final-
ly 28.9%. Total rates of surgical complications and
re-interventions rose more gradually.

Change in dynamics of mortality, surgical com-
plications and re-interventions in the medium- and
long-term perspective are presented in Table IV.

Change in dynamics of mortality evaluated by
fixed basis change indexes indicates a substantial
increase in this index, which in the medium- and
long-term perspective was respectively 6.68 and
27.4. In contrast, in the same statistical analysis in-
dexes of dynamic changes calculated both for sur-
gical complications and re-interventions were much
lower, up to 3 years not exceeding 2, up to 5 years
not exceeding 3 (Table IV).

Discussion

Due to the low invasiveness, the endovascular
technique has become the dominant treatment for
AAA throughout the world. However, in Poland, it is
just an alternative to open surgery for AAA patients
[1,3,5-7, 16, 17].

According to recommendations of the European
Society of Vascular Surgery, EVAR is graded as an in-
termediate risk of intervention, defined as carrying
a risk of cardiovascular death or myocardial infarction
between 1% and 5% within 30 days. Open aortic re-
pair is defined as a high risk intervention, as carrying
a risk of cardiovascular death or myocardial infarction
5% or more within 30 days. In most patients with suit-
able anatomy and reasonable life expectancy EVAR
should be considered as the preferred treatment mo-
dality [17]. In contrast, according to NICE guidelines
EVAR should not be offered to patients with elective
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AAA if open surgical repair is suitable. The decision re-
garding the choice of EVAR or open aortic repair also
depends on the patient’s preferences, so advantages
and disadvantages of each method of surgical treat-
ment of AAA should be presented [15].

The current study evaluated time-related chang-
es in mortality, surgical complication and re-inter-
ventions of elective EVAR procedures among pa-
tients followed up for 5 years.

World studies including our results comparing
cumulative rates of mortality, surgical complications
and re-interventions in consecutive periods of time
after planned EVAR are presented in Table V.

Mortality

World studies on AAA patients treated during
elective admissions using the endovascular method
show short-term mortality rates of 0 to 4.3% [1, 5,
7, 13, 15, 18-30]. The short-term mortality of 2.5%
characterized the patients with elective endovascu-
lar treatment in the present study and is compara-
ble to cited reports. Randomised controlled trials,
OVER ACE, DREAM, and EVAR 1 demonstrated the
short-term mortality rate for the use of the endo-
vascular technique 0.5-1.7% [18, 19, 24, 26]. The
highest short-term mortality rate (4.3%) for endo-
vascular treatment of AAA was found in a French re-
port where the group of patients consisted of elderly
people with numerous comorbidities, who were clas-
sified in the 3 and 4" ASA categories for surgery-re-
lated risk [20].

In our study, medium- and long-term mortality
rates for the patients were 14.2% and 28.9%, which
is similar to other reports. Two meta-analyses from
the United Kingdom of the outcomes of endovas-
cular treatment in elective AAA repair demonstrated
the mortality rates for three periods of observation
— up to 2 years, up to 4 years and at least 4 years
after the surgery respectively 14.3%, 15.8% and

195



Piotr Kulig, Krzysztof Lewandowski, Bogustaw Rudel, Maciej Chwata, Marek Piwowarczyk, Wojciech Mrowiecki

Table V. Studies comparing cumulative rates of mortality, surgical complications and re-interventions in
consecutive periods of time after elective endovascular aneurysm repair (EVAR)

Study Time of observation
Up to 30 days after surgery Up to 3 years after surgery Up to 5 years after surgery
Mortality ~ Surgical  Re-inter- Mortality  Surgical Re-inter- Mortality  Surgical  Re-inter-
(%) complica- ventions (%) complica-  ventions (%) complica- ventions
tions (%) (%) tions (%) (%) tions (%) (%)
Own results 2.5 7.6 42 14.2 12.6 7.5 28.9 17.5 11.4
Lee 0 - 2 - - - 14 - 12
Jean-Baptiste 43 - 43 15 10.9 43 - 232 -
DREAM 1.2 19.9 - 10.3 - - 311 - 29.6
EVAR1 1.7 - 9.8 - - - 25 - 21
Sugimoto - - - - - - 16.6 19.8 18.9
ACE 1.3 - 53 17.6 17.4 16 - - -
Stather 1.3 - - 14.3 - - 347 - -
Sandford 0 8 6.8 - - - - - 14
Muhs 2.6 - - 13 23.7 7.9 - - -
Verzini 0.8 6.5 2 - - - 29.9 - 12.3

34.7-37.3% [13, 25]. For the AAA patients subject-
ed to an elective endovascular procedure, the rate
of medium-term mortality of the DREAM trial was
10.3%, while in the long-term perspective the mor-
tality rates were 25% in EVAR trial 1 and 31.1% in
the DREAM trial [31-33].

Surgical complications

In the present study, the cumulative rates of sur-
gical complications for short-, medium- and long-
term perspectives were respectively 7.6%, 12.6%
and 17.5%. In separate time periods, up to 30 days
after surgery, the most frequent complications were
type | or Il leaks (2.5%) and thrombosis and stent-
graft occlusion with acute ischaemia of a lower limb
(2.5%), in 30 days to 3 years and from 3 to 5 years
after surgery the leak rates were 3.9% and 4.9%, re-
spectively.

Sandford et al. quoted the short-term surgical
complications rate for the planned endovascular
method as 8% and observed that type | or Il leaks
accounted for all cases of surgical complications for
the observation period [23]. Ziaja et al. performed
an analysis of surgical complications in a group of
AAA patients subjected to elective endovascular
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treatment. Up to 30 days after surgery, type | or |l
leaks were observed in 17% of cases and thrombo-
sis and occlusion of the stent-graft with acute isch-
aemia of a lower limb in 7.6% of patients [22]. In
medium-term observation patients with AAA after
elective implantation of the stent graft, Muhs et al.
reported the occurrence of type | or Il leaks in 20.6%
of cases, respectively [28].

Re-interventions

The cumulative rates of re-interventions in short-,
medium- and long-term perspectives in the current
study were 4.2%, 7.5% and 11.4% respectively. Ac-
cording to analysed reports (Table IV), the re-inter-
vention rate in patients with AAA after elective im-
plantation of the stent graft for short-, medium- and
long-term observation period ranges within respec-
tively 2-9.8%, 4.3-16%, and 12-29.6% [14, 19, 20,
23,24, 28-34].

Limitations

The study has limitations. The most important
limitation is the lack of head to head comparison be-
tween EVAR and open surgery for the AAA patients.
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The long-term results were not compared in the con-
text of the expected risk of cardiovascular death.

Systemic complications were not included in the
analysis. Most deaths in the medium- and long-term
perspective were due to old age and numerous co-
morbidities and were not associated with implanta-
tion of the stent graft.

Due to the low number, no patients with ruptured
AAA were analysed, which could allow for a more
thorough evaluation of the endovascular technique.

Conclusions

The present study analyses the treatment out-
comes for 236 AAA patients subject to planned en-
dovascular surgery between 2010 and 2015. The pa-
tients with AAA treated in the elective endovascular
method demonstrated a low short-term mortality
rate, which is no different from worldwide reports
on the use of the endovascular technique [1, 5, 7,
13, 15, 18-30]. Furthermore, in this study the ob-
served and predicted short-term mortality rates ac-
cording to the V-Possum scale were not significantly
different (p = 0.7993). In the investigated group of
patients, the high mortality rate in the medium- and
long-term perspective was linked with aging and
numerous comorbidities, especially ischaemic heart
disease. The clinical evaluation of the endovascular
method in the study revealed relatively low values
in the cumulative rates of surgical complications,
and re-interventions within the separate investigat-
ed periods compared to other reports.
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