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1 ABDOMINAL AORTIC ANEURYSM

1.1 Overview

Abdominal aortic aneurysm (AAA), defined as a focal dilation 50 percent greater
than the normal diameter of the aorta, is a common but potentially lethal condition. The
abdominal aorta is the most common site of true arterial aneurysm affecting predominantly
the segment of aorta below the renal arteries (infrarenal aorta). Well-defined risk factors are
associated with the development of AAA and include older age, male gender, Caucasian
race, a positive family history, smoking, the presence of other large vessel aneurysms and
atherosclerosis. The natural history of AAA is one of progressive dilation, and although
expansion rates vary, large aneurysms generally expand at a faster rate than small aneurysms.
Many pathogenic mechanisms have been proposed for the development, expansion, and
rupture of AAA, and some have been validated in animal models; however, the relative
contribution of these mechanisms to AAA expansion and rupture in humans is unclear. The
main risk factors associated with expansion and rupture of AAA include large aneurysm
diameter, faster aortic expansion rate, and female gender. AAA can be detected on physical
examination or by imaging studies. Abdominal ultrasonography is considered the screening
modality of choice for AAAs because of its high sensitivity and specificity, as well as its
safety and relatively low cost. For asymptomatic patients, elective repair of the aneurysm is
the most effective management to prevent rupture. However, elective aortic surgery is also
associated with risks, and thus, elective AAA repair is not recommended until the risk of

rupture exceeds the risks associated with repair.

1.2 Historic Background of AAA

The first report of AAA is found in ancient India, from Sushrata (800 ~ 600 BC), in
chapter 17 of his great text of medicine “Sushruta Samhita”, where he mentions aneurysm
or “Granthi” and was the first to ligate bleeding vessels with hemp fibres.! Galen ( Greek:
Klovdog Toanvég; AD 129 — c. 200/c. 216) a prominent Greek surgeon in ancient Rome?
first formally described these “tumours” as localized pulsatile swellings that disappear with
pressure.® However, Antyllus, a second-century surgeon from ancient Greece, was the first

to describe the anatomy and treatment of aneurysms. He described two sorts of aneurysmal
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lesions: those originating from a local arterial dilatation, which were cylindrical, and those

arising from trauma, which were rounded.* Antyllus is also credited with performing the first
recorded surgical interventions for the treatment of AAA which involved proximal and distal
ligation, and even evacuation of the aneurismal sac.® It wasn’t until Renaissance when the
modern anatomy was born, and with it, a proper understanding of aortic morphology. In
1554 Vesalius (1514-1564) produced the first true anatomical plates based on cadaveric
dissection, in ‘De Humani Corporis Fabrica’.® A year later he provided the first accurate
diagnosis and illustrations of AAA pathology and is regarded as the father of modern
anatomy.” The modern period of AAA surgery began in 1817 when Cooper first ligates the
abdominal aorta to treat a ruptured iliac aneurysm.® A lot have been improved in the
development of treatment and understanding of AAA (Fig. 1) with at least two breakthrough:
the Dubost’s'? operation in 1951, chocking the vascular surgical world, with the first
resection and repair of AAA with a preserved arterial homograft and the Parodi’s**first
endovascular repair of abdominal aortic aneurysm in 1991, which undeniably represent the

beginning of the new era in vascular surgery.

1925: Colt endeavors to 1953: Debakey et al. usher in
thrombose an the modern era of prosthetic
infrarenal AAA via an substitutes with fabrics such
endoluminal approach as knitted Dacron.

with heated wire.

1950: Estes provides justification 1966: Creech
for the elective repair of the introduces the
aneurysm given the poor “inclusion”
1555: Dutch anatomist prognosis of emergency repair in technique of AAA
Vesalius first describes AAN. the setting of rupture. repair.
1900s
|
1817: Astiey 1951: Charies Dubost 1991: Parodi et al.
Cooperl ligates the reported the first publish reports of
abdominal aorta to resection and repair of the first
treat a ruptured AAA by a preservad endovascular AAA
truncal aneurysm. arterial homograft. repair.
1940: |.A. Bigger reports 1955: Hufnagel
treatment of an infrarenal proposes the use of
AAA via fascial plication to methylmethacrylate
return the segment to its tubes as arterial
original caliber. substitutes.

Figure 1. Historical Background. Timeline illustrating the progression of our understanding
of the pathophysiology and treatment of abdominal aortic aneurysm from the 16th to the
20th century ° ~1° By Enrico Ascher, Haimovici's Vascular Surgery, 6th Edition, Blackwell
Publishing Ltd, 2012
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1.3 Definition

Aneurysm, which is derived from the Ancient Greek word “avevpvopa”, means a
permanent dilatation or widening of a body vessel at least 50% larger than its expected
normal diameter.?® Aneurysms occur in various locations including the intra-cranial
arteries, iliac and popliteal arteries and the aorta (thoracic and abdominal). The abdominal
aorta is the most common site of arterial aneurysm affecting predominantly the segment
of aorta below the renal arteries (infrarenal aorta) (Fig. 2). An abdominal aortic aneurysm
(AAA) is generally considered to be present when the diameter of the abdominal aorta
exceeds 30mm, which represent more than two standard deviation above the mean
diameter for both men and women.?*-3 Taking into account the individual variation in the
aorta, other researchers have purposed an alternative definition. They define adnominal
aorta to be aneurysmal, when its maximum infra-renal aortic diameter is at least 1.5 times

larger than the expected normal infra-renal aortic diameter. 242

Kidney

J Abdominal \ :Etl]urlrnt?l
Il aortic sorta
/ aneurysm

arteries

Figure 2. Abdominal Aortic Aneurysm



1.4 Epidemiology

1.4.1 Impact of Rupture

In the United States, ruptured AAAs are the 15th leading cause of death overall and
the 10th leading cause of death in men older than 55 years, with the death rate increasing
with age?’ (Fig. 2) Overall, the age standardized death rate from ruptured AAAs in the
population older 45 years old in the United States between 1999 and 2009 was 5.6 per
100,000 individuals, being significantly higher in males (9.0/100,000) and lower in females
(3.2/100,000). In the most at risk groups, the rates are even higher, being 11.3 per 100,000

754

70
551 Femal
e Female

60 ® Male

554

504
o 454
3]
o 404
feh]
g 354
O 30

25

20

154

104

5
0 T T T 1
45-54 55-64 65-74 75-84 85+
years years years years years

Age Group and Gender

Figure 3. Crude death-rate per 100,000 population in the United States by age and gender
from abdominal aortic aneurysms (ruptured and intact). (From the Centers for Disease
Control and Prevention, National Center for Health Statistics: Compressed Mortality File
1999-2009. Series 20 No. 20, 2012. Available at: http://wonder.cdc.gov/cmf-icd10.html.
Accessed November 23, 2012.)

in whites, males, and non-Hispanics older than 55 years. The reason for these high death
rates is that only half of patients with AAA rupture survive to reach the hospital, many of
whom do not have a known diagnosis of AAA before aneurysm rupture. Historically, about
a half are offered surgery, although this proportion might now be increasing, and the surgical
mortality rate is approximately 50%, with 15% dying intraoperatively.?® That said, there is
mounting evidence from both the United States and the United Kingdom that not only is the
prevalence of AAA falling, but the rate of mortality from aneurysm rupture is also

decreasing®®! (Figs. 4 and 5). This is likely due to a combination of factors, including better
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medical management of patients with cardiovascular disease, the advent of population

aneurysm screening programs, a greater overall availability of cross-sectional imaging
leading to earlier detection of AAAs, and finally, to a reduction in population smoking rates.
The advent of endovascular aneurysm repair may also be playing a positive role on aneurysm
population rupture rates and deaths. Despite these improvements, aneurysm rupture remains

a common cause of death and morbidity, and an entity with a high associated mortality.

Age Adjusted Rate by Year and Gender
134

12

114 ® Female

® Male

10

Age Adjusted Rate

19|99 2600 20|01 20|02 20|03 20|04 2505 20|06 EdO7 20|08 20|09 20|10
Year and Gender

Figure 4. Age-adjusted death rate per 100,000 population by year and gender from ruptured
abdominal aortic aneurysms in the United States from 1999 to 2009. (From the Centers for
Disease Control and Prevention, National Center for Health Statistics: Compressed Mortality
File 1999-2009. CDC WONDER Online Database, compiled from Compressed Mortality
File 1999-2009 Series 20 No. 20, 2012. Available at: http://wonder.cdc.gov/cmf-icd10.html.
Accessed November 23, 2012.)
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Figure 5. Deaths per 100,000 population in the United Kingdom from ruptured abdominal
aortic aneurysm. (From Anjum A, et al: Is the incidence of abdominal aortic aneurysm
declining in the 21st century? Mortality and hospital admissions for England & Wales and
Scotland. Eur J Vasc Endovasc Surg 43:161-166, 2012.)

1.4.2 Incidence

AAAs primarily affect the population older than 50 years. AAASs are two to six times
more common in men than in women, and are two to three times more common in white
men than in black men.®>35 In men, AAAs begin to occur at approximately 50 years of age
and reach a peak incidence at approximately 80 years of age.*-® In women, AAA onset is
delayed, beginning at approximately 60 years, with the incidence continuing to increase
thereafter. Screening studies have provided information on both the prevalence and
incidence of AAAs.

In the Huntingdon, United Kingdom, screening program for men older than 50 years,
the incidence of new AAAs was 3.5 per 1000 person-years.®® The most recent data from the
U.K. National Aneurysm Screening Program showed that of the 107,051 men ages 65 years
offered screening in 2011, only 1.5% had aortic diameters more than 3 cm.*° The difference
between the two reports might reflect public health measures to reduce smoking and to
improve cardiovascular health. In the United States, a screening study of male veterans found
new AAAs in 2.6% of patients 4 years after an initial normal aortic ultrasound study, for an
incidence of 6.5 per 1000 person-years.*! Similarly, in the Huntingdon study, new AAAs
were discovered in 2% of patients screened a second time at a mean of 5.5 years after an
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initial negative study. These data highlight the relevance of screening and potentially re-

screening of the at-risk population to fully detect aneurysms within that population.
Overall, the age-adjusted incidence of both asymptomatic and ruptured AAAs, and

of AAA-related death, is twofold to sixfold higher in men than in women (fig. 6)
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Figure 6. Admissions with aortic-related pathologies per 100,000 population in the United
Kingdom by gender and mode of admission. (From Anjum A, et al: Is the incidence of
abdominal aortic Scotland. Eur aneurysm declining in the 21st century? Mortality and
hospital admissions for England & Wales and J Vasc Endovasc Surg 43:161- 166, 2012.)

1.4.3 Prevalence

Prevalence estimates for asymptomatic AAAs (likelihood of having an AAA) are more
accurate than incidence estimates (likelihood of an AAAs developing) now that ample
published data from several large ultrasound populations screening studies are performed.
Some of them are randomized trials and try to evaluate the benefit of screening *2-*> and some
being epidemiological screening studies. ¢4’ The prevalence rates differ according to age,
gender and geographical location (table 1). * In a Veterans Affairs (VA) screening study of
more than 73,000 patients 50 to 79 years old, the prevalence of AAAs >3 cm was 4.6% and
that of AAAs >4 cm was 1.4%.%° The prevalence of AAAs reported varied according to both
age and gender (Table 2). The highest prevalence of AAA >3.0 cm was 5.9% and was found

in white male smokers between the ages of 50 and 79 years.



Study
location

No.
Gender

Age (years)
Sampling
dates

Date
published

Aneurysm
prevalence

Chichester,

15,775

Men &
women

65-80
1988-90

1995

4.0%
(7.6% men,

1.3% women)

Viborg,

Denmark?
3

12,628
Men

65-73
1994-8

2002

4.0%
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Western
Australia4

41,000
Men

65-79
1996-8

2004

7.2%

MASS
UKA45

67,800
Men

65-74
1997-9

2002

4.9%

Rotterdam,
Netherland

5,419

Men &
women

>55
1994-5

1995

4.1% men,
0.7% wome

46

n

Tromsg,
Norway47

6,386

Men &
women

55-74
1994-5

2001

8.9% men,
2.2% women

Table 1. From Moll et al: Management of abdominal aortic aneurysms clinical practice
guidelines of the European society for vascular surgery. Eur J Vasc Endovasc Surg 41(Suppl
1):S1-S58, 2011. MASS UK, Multicentre Aneurysm Screening Study, United Kingdom.

Prevalence Estimates of AAA Based on

Race, Sex, and Smoking History

Race Sex Smoking History Prevalence AAA> 3cm
(%)
White Male Yes 5.9
No 1.9
Female Yes 1.9
No 0.6
Black Male Yes 3.2
No 1.4
Other Male Yes 3.6
No 1.3

Table 2. Lederle FA, et al: Prevalence and associations of abdominal aortic aneurysm
detected through screening. Aneurysm Detection and Management (ADAM) Veterans
Affairs Cooperative Study Group. Ann Intern Med 126(6):441-449, 1997. AAA =
Abdominal aortic aneurysm
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1.5 Risk Factors

Well-defined clinical risk factors are associated with the development of AAA.°
These include advancing age, male gender Caucasian race, smoking, a family history of
AAA, the presence of other large aneurysms, and atherosclerosis.®® Although these risk
factors are associated with increased AAA prevalence, they may not be independent

predictors and may be markers rather than causes of AAA disease.

1.5.1 Age, sex and ethnicity

The risk of AAAs increases dramatically after 60 years of age.*’- %2 Clinically relevant
aneurysms (more than 4 cm in diameter) are present in approximately 1% of men between
55 and 64 years of age, and the prevalence increases by 2% to 4% per decade thereafter.* >
AAAs are four to six times more common in men than in women®*? %3, In addition, AAAs
develop in women approximately 10 years later than in men®’. AAAs were found to occur
more frequently in white people than in black people. In the ADAM trial, AAA occurred

approximately twice as frequently in whites compared with blacks.>

1.5.2 Smoking

A history of cigarette smoking is one of the strongest independent risk factors for
AAA formation.>® In the ADAM study®’ found smoking to be the risk factor most strongly
associated with AAA. The likelihood of finding AAA was significantly higher in smokers
compared with nonsmokers (odds ratio [OR] 2.97 for AAA 3.0 to 3.9 cm, 95% CI 2.65-3.32;
OR 5.07 for AAA >4.0 cm, 95% CI 4.13-6.21).The association with smoking was directly
related to the number of years of smoking, and the association decreased with the number of
years after cessation of smoking.*® Smoking predicts a larger aortic diameter at
presentation,®® and in screening studies, 18 to 52 percent of patients with small AAAs are
current smokers.*” 495" Once an aneurysm has formed, active smoking is associated with the
highest risk of aneurysm progression and rupture.> 54 8.5 A decrease in the prevalence of
smoking is likely responsible for a decreasing incidence in AAA reported in some
countries.5%-%2 With smoking cessation, the risk of AAA slowly declines over time>® %, thus,

smoking cessation is an essential component of risk reduction in patients with AAA.
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1.5.3 Family history

A positive family history is another potential factor that significantly increases the
risk of AAA.%* A family history of surgical intervention for an AAA in a first-degree relative
may increase the risk fourfold® In a Swedish nationwide survey, the relative risk of
developing AAA for a first-degree relative of a person diagnosed with AAA was
approximately double that of a person with no family history of AAA.® In a study of 238
first-degree relatives of patients who underwent surgery for AAA and 281 controls, a family
history increased the risk of having an aneurysm 4.3-fold; the highest risk was among
brothers older than 60 years of age, in whom the prevalence was 18 percent.%

1.5.4 Other large vessel aneurysm

Patients with a large vessel peripheral aneurysm (e.g. iliac, femoral, popliteal,
carotid) have an increased risk for AAA, which, in different studies, has been found in 85
percent of patients with a femoral aneurysm and in about 60 percent of those with a popliteal
aneurysm.®” %8 In a retrospective review of patients with AAA, more than 25 percent were
found to have a concomitant thoracic aortic aneurysm (TAA).%° Significantly more women
had combined AAA and TAA compared with men (48 versus 28 percent). The association
between AAA and other large vessel aneurysms is likely related to common pathogenic

mechanisms.

1.5.5 Association with atherosclerosis

A positive correlation between cardiovascular disease and AAA has been found in
numerous studies.6:4749-515470-74 patients with AAA have a significantly higher prevalence
of risk factors for atherosclerosis compared with age and gender-matched controls.>>"® The
prevalence of AAA is about 5 percent in patients with known coronary heart disease, and
approximately 10 percent in those with peripheral artery disease.’*"*

In the ADAM trial and Life Line Screening cohorts, coronary heart disease,
cerebrovascular disease, hypertension and high cholesterol levels were associated with an
increased risk for AAA >4.0 cm in diameter.5%%* Another cohort study of over 104,000
patients confirmed that major atherosclerotic risk factors (except diabetes and obesity) are

related to AAA.”® Conversely, data from the United Kingdom Small Aneurysm Trial showed
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that lipid levels and elevated blood pressure were not significantly associated with aneurysm

expansion.’” These findings led to the traditional view that AAA is caused by atherosclerotic
disease; however, the formation of AAA, and AAA expansion and rupture involves multiple
intertwined pathogenic processes, and atherosclerosis may be a consequence rather than the

cause of this process.

1.5.6 Others Factors

Female gender, non-Caucasian race, and diabetes mellitus are associated with a
decreased risk for developing AAA. Although diabetes mellitus is consistently a strong risk
factor for atherosclerosis, it is negatively associated with AAA.5*™ In the Aneurysm
Detection and Management (ADAM) trial, for example, the odds ratio in patients with
diabetes mellitus relative to non-diabetic patients was 0.52 (95% CI 0.45-0.61) for AAA

>4.0 cm in diameter.>* (Table 3)

Independent Risk Factors for Detecting an Unknown
4-cm-Diameter or Larger Abdominal Aortic Aneurysm during Ultrasound

Screening

Risk Factor Odds Ratio* 95% ClI
INCREASED RISK

Smoking history 51 4.1-6.2
Family history of AAA 1.9 1.6-2.3
Older age(per 7-year interval) 1.7 1.6-1.8
Coronary artery disease 1.5 1.4-1.7
High cholesterol 1.4 1.3-1.6
COPD 1.2 1.1-1.4
Height (per 7-cm interval) 1.2 1.1-1.3
DECREASED RISK

Abdominal imaging within 5 yr. 0.8 0.7-0.9
Deep venous thrombosis 0.7 0.5-0.8
Diabetes mellitus 0.5 0.5-0.6
Black race 0.5 0.4-0.7
Female gender 0.2 0.1-0.5

Table 3. From Lederle FA, et al: The aneurysm detection and management study screening
program: validation cohort and final results. Aneurysm Detection and Management Veterans
Affairs Cooperative Study Investigators. Arch Intern Med 160:1425, 2000. AAA, Abdominal
aortic aneurysm; COPD, chronic obstructive pulmonary disease.

*QOdds ratio indicates relative risk in comparison to patients without that risk factor
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1.6 Pathogenesis

Aneurysmal degeneration of the abdominal aorta is a multifactorial, systemic process
generally felt to be due to alterations in vascular wall biology leading to a loss of vascular
structural proteins and wall strength.”®

Although atherosclerotic changes frequently coexist with AAA*5471-74 and the risk
factors for aneurysmal and atherosclerotic aortic disease overlap to some extent,
contemporary research suggests that atherosclerosis is not causal.”®%? Aneurysmal
degeneration of the aortic wall is pathologically distinguished from atherosclerosis. Whereas
atherosclerotic changes are limited to inner layers of the aortic wall, AAAs are characterized
by transmural inflammatory change, abnormal collagen remodeling and cross-linking, and
loss of elastin and smooth muscle cells.®384 These changes result in aortic wall thinning and
progressive aortic expansion.

A role for inflammation in the pathogenesis of AAA was first speculated because of
a clinical entity called an inflammatory aneurysm, which represents approximately 5 percent
of patients with AAA.88 Inflammatory aneurysms are characterized by marked aortic wall
thickening with increased vascularity and associated with elevated erythrocyte
sedimentation (ESR) levels, indicative of inflammation.®”% This type of aneurysm has
distinct clinical and pathologic characteristics that may represent an extreme manifestation
of the inflammatory processes present in all aortic aneurysms.8®

Aneurysm formation is also associated with other circulating markers of
inflammation such as C-reactive protein (CRP), and interleukins. A positive association
between serum CRP and aneurysm diameter, and the presence of CRP mRNA in aneurysmal
tissue is consistent with a causal hypothesis.®® Tissue cultures of biopsied aneurysm wall
tissue secrete large amounts of cytokines, including interleukin-6 (IL-6), in aneurysm
patients. In a study of 466 patients with small aneurysms, high concentrations of circulating
IL-6 signaled rapid aneurysm expansion.®

Chronic inflammation of the aortic wall likely mediates aortic wall elastin and
collagen degradation through proteases, including plasmin (formed from plasminogen by
urokinase plasminogen activator and tissue type plasminogen activator), matrix
metalloproteinases (MMPs), and cathepsin S and K.8:92191 These factors are derived from
endothelial and smooth muscle cells and inflammatory cells infiltrating the media and

adventitia.
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The pathologic factors responsible for aneurysm rupture have been less well studied.

In an animal model, aneurysm rupture correlated with an increase in MMP-2 and MMP-9
levels.” Local overexpression of tissue inhibitor of MMP-1, produced by retrovirally
infected smooth muscle cells, prevented aneurysmal degeneration and rupture. These
findings are consistent with a study in humans in which biopsies were taken from the walls
of ruptured and nonruptured AAAs.1%2 Only MMP-8 (collagenase-2) and MMP-9 were
significantly increased at the rupture site compared with the nonruptured anterior wall.

1.7 Natural History

The natural history of AAA is one of progressively increasing diameter; however,
expansion rates vary. The main risk factors associated with AAA expansion and rupture
include large aneurysm diameter, faster aortic expansion rate, current smoking, and female

gender.

1.7.1 Aortic expansion

The rate of aortic expansion is greater for larger compared with smaller diameter
AAA 5677103105 This nattern of differential expansion over time related to baseline AAA
diameter was illustrated in an analysis from the United Kingdom Small Aneurysm Trial in

which the following annual expansion rates were noted:’’

e 1.9 mm per year for aneurysms 2.8 to 3.9 cm in baseline diameter
e 2.7 mm per year for those 4.0 to 4.5 cm in baseline diameter
e 3.5 mm per year for those 4.6 to 8.5 cm in baseline diameter

The cumulative evidence from studies that prospectively followed the size of AAAs suggests
that small and medium-sized AAAs (<5.5 cm) expand at an average rate of 2 to 3 mm/year,
while larger aneurysms expand at about 3 to 4 mm per year. °®77193-195 Some aneurysms, for
unclear reasons, remain relatively fixed in size for a period of time and then undergo rapid
expansion, which is thought to increase the risk for rupture, and is defined as an increase in
maximal aortic diameter >5 mm over a six-month period of time or >10 mm over a year.>>1%
Aneurysm expansion tends to be more rapid in smokers, and less rapid in patients with

diabetes mellitus or peripheral artery disease.’” Active smoking is associated with the highest
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risk of aneurysm expansion and rupture 5254859107109 1t hag peen estimated that active

smoking increases the aneurysm expansion rate by 20 to 25 percent per year.>210

1.7.2 Risk of rupture

Aneurysm diameter is the most important factor predisposing to rupture, with risk
increasing markedly at aneurysm diameters greater than 5.5 cm.®210411-116 ( Eigyre 7) In
addition to diameter, a faster rate of expansion (highest in smokers), gender, and other

factors play a role.®
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Figure 7. Risk of rupture of an abdominal aortic aneurysm (AAA) over time according to
the first measurement of aneurysm diameter in 1792 men and 465 women. The risk of rupture
increased markedly in aneurysms larger than 5.5 cm in diameter.

Data from: Powell, JT, Greenhalgh, RM, N Engl J Med 2003; 348:1895.
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1.7.2.1 Aneurysm diameter

The relationship of aneurysm diameter to aortic rupture was first demonstrated in a
seminal study in which patients with aneurysms >6 cm had a much higher rate of rupture at
five years compared with aneurysms <6.0 cm (43% vs 20%), and lower rate of survival (6%
vs 48%). Virtually identical differences in survival rates have been noted in other
series. S ML A statement from the Joint Council of the American Association for Vascular
Surgery and Society for Vascular Surgery estimated the annual rupture risk according to
AAA diameter:1%:11¢ (Taple 4)

Table 4. 12-month AAA Rupture Risk by diameter.

Diameter (cm) Rupture Risk (%)
<4.0 0
40-49 05-5
5.0-5.9 3-15
6.0-6.9 10- 20
7.0-7.9 20-40
> 8.0 30-50

AAA, abdominal aortic aneurysm.

1.7.2.2 Rate of expansion

The rate of aneurysm expansion may also be an important determinant of rupture
risk.193118 A small (<4.0 cm) or medium (4 to 5.5 cm) AAA that expands >0.5 cm over six
months of follow-up is considered to be at high risk for rupture.®® One study, for example,
found mean expansion rates of ruptured versus non ruptured aneurysms of 0.82 and 0.42

cm/year, respectively.’®® Active smoking is associated with the highest rates of aneurysm
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expansion and rupture.®?°%8%° In the United Kingdom Small Aneurysm Trial, active

smokers were at an increased risk for aneurysm rupture relative to nonsmokers and former
smokers (odds ratio [OR] 2.1, 95% CI 0.95-4.67), and had a poorer prognosis related to
worse pulmonary function.>®*® In the women’s health initiative that enrolled more than
160,000 women, current smoking was associated with the highest risk of having an AAA

event defined as development of AAA requiring intervention (symptomatic or ruptured).'?°

1.7.2.3 Female Gender

The risk of AAA rupture is increased in women compared with men for the same
aortic diameter. Although the prevalence of AAA is 4 to 6 times lower for women compared

with men, 47+ 49,54, 70121123 gho it 3 third of admissions for ruptured AAA are women.!?®

e In the United Kingdom Small Aneurysm Trial, the risk for AAA rupture in women
relative to men for a given diameter was increased fourfold (odds ratio 4.5, 95% CI
1.98-10.2).59124

e In another review, the rupture rate for AAA >5.0 cm was 19 percent for women and

12 percent for men. 3!

These differences may reflect the smaller ‘normal’ diameter of the female aorta. Thus, a
diameter of 5.0 to 5.5 cm represents a greater degree of dilatation in women.’>!3! This
concept is supported by the results of a study in which the mean diameter of the aorta at the
time of rupture was 5 mm smaller for women compared with men.1? Mortality rates

following repair are also higher for women.*2

1.7.2.4 Other factors

In addition to the main risk factors for aneurysm rupture discussed above (aneurysm
diameter, rate of expansion, female gender), other factors that may influence the risk of
rupture include medical factors and recent surgery; the configuration of the aneurysm may
also play arole.

e Medical factors — In the United Kingdom Small Aneurysm Trial, medical risk

factors for AAA rupture included mean arterial blood pressure >110 mmHg (OR
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1.04, 95% CI 1.02-1.07) and lower FEV1. Low FEV1 measurements correlated with

the presence of severe chronic pulmonary disease.>%116

e Recent surgery — Rupture rates as high as 33 percent are reported in prospective
studies of patients undergoing coronary artery revascularization prior to aneurysm
repair.1?5127 AAA rupture has been reported following other types of surgery, but no
causal etiology has been proven. One prospective study found a 3 percent rupture
rate after unrelated noncardiac surgery in patients with AAA diameter >5 cm.!2®

e Aneurysm configuration — Studies using advanced mechanical modeling (e.g.
finite element analysis), to more accurately evaluate the stresses on the aortic wall
have identified that the highest mechanical stress is located at the transition zone
from normal aortic tissue to the dilated region.!?®*'* Some have speculated that
saccular aneurysms have higher risk for rupture compared with fusiform aneurysms.
Although saccular aneurysms have a very abrupt transition zone, saccular aneurysms
are not necessarily associated with an increased risk of rupture, particularly if the
configuration is concentric.!?® On the other hand, asymmetric saccular aortic
aneurysm may be a manifestation of aortic infection, and these do appear to have an

increased risk for rupture.

1.7.3 Long-term outcomes

In addition to the risk of rupture, patients with AAA (any diameter) are more likely
to have cardiovascular disease and more likely to experience a cardiovascular event. In a
screening study of 4734 subjects over the age of 65, 8.8 percent were found to have an aortic
aneurysm, of which 88 percent were smaller than 3.5 cm in diameter.*?? During a 4.5-year
follow-up, patients with an aneurysm had a higher rate of overall mortality compared with
subjects without an aneurysm, an effect that was more pronounced if the aneurysm was >3.5
cm in diameter. After adjusting for age, sex, race, height, weight, smoking, lipid levels,
family history, and history of a cardiovascular disease event, mortality risk remained
significantly elevated (relative risk [RR] 1.47, 95% CI 1.18 to 1.83). However, further
adjustment for disease in other vascular beds by measuring carotid wall thickness, presence
of major electrocardiographic abnormalities, or an abnormal ankle—brachial index, reduced
the risk (RR 1.32, 95% CI 1.04-1.67). The differences in mortality rates were due

predominantly to other associated cardiovascular disease in participants with aneurysm.
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1.8 Screening

Asymptomatic abdominal aortic aneurysms (AAASs) can be detected on physical
examination or by imaging studies. Abdominal ultrasonography is considered the screening
modality of choice for AAAs because of its high sensitivity and specificity, as well as its

safety and relatively low cost.

1.8.1 Ultrasonography

Abdominal ultrasonography has been used as the screening modality in the large
randomized trials of screening for AAA. With a sensitivity of 95 to 100 percent and a
specificity of nearly 100 percent,'*® ultrasonography has superb test characteristics for
diagnosing and following an AAA. The four randomized trials of population screening are
the Chichester trial in the UK,*2 the Viborg trial in Denmark,*® the Western Australia trial*
and the MASS trial in the UK.*® In each trial, populations were randomized to either an offer
of aneurysm screening or to no offer of screening, and in each trial screening, was shown to
reduce aneurysm related mortality for men. These results, to 5 years, have been summarized
in a Cochrane Review®* and the odds ratio in favor of screening for men was 0.60 [95%CI
0.47-0.78]. A systematic review for the US Preventive Task Force reported a similar benefit
for screening men, odds ratio 0.53 [95%CI 0.42¢0.68].%4 The individual characteristics of the

trials are summarized in Table 5.

1.8.2 Physical examination

The aorta bifurcates at the umbilicus. Thus, physical examination in a patient with an
AAA may reveal a pulsatile mass in the epigastrium. The accuracy of the clinical
examination is markedly diminished by obese body habitus and smaller aneurysm size.®
The reproducibility of physical examination findings between clinicians has not been

studied. Use of abdominal palpation for screening purposes has been evaluated in several
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Summary of the population-based randomized screening trials.

Trial characteristics Chichester, UK** | Viborg, MASS UK*> ¢ Western
Denmark* Australia*
Number randomized 15,775 12,628 67,800 41,000
Gender Men & women Men Men Men
Age (years) 65-80 65-73 65-74 65-79
Dates recruited 1988-90 1994-8 1997-9 1996-8
Date published 1995 2002 2002 2004
% accepting screening 68% 76% 80% 70%4
Aneurysms found 4% (7.6% in men) 4% 4.9% 7.2%
Place of screening Hospital Hospital Community Community
Intervention policy At6cm At5cm At5.5cm None
(internal
diameter)
Mean follow-up (months) 30.5 61 49 43
AAA mortality 0.59 men only 0.31 0.58 0.72
odds ratio screened (0.27-1.29) (0.13-0.79) (0.42-0.78) (0.39-1.32)
vs not (95%Cl)2
All-cause mortality Men only 1.07 0.97 0.98
odds ratio Screened (0.93-1.22) (0.93-1.02) (0.91-1.04)
Vs not (95%CI)9
Other outcomes reported No aneurysm- Hospital deaths| Quality of life
related mortality Costs Costs
benefits in women| Quality of life Workload
Extended follow-up available Yes Yes

populations.

? Pooled odds ratio trend in favor of screening, OR 0.98 (0.95-1.02).

C The MASS trial recently has published 10-year follow-up, demonstrating the cost-
effectiveness of screening and a significant all-cause mortality benefit but a rising
incidence of AAA rupture in the screened group.

a Pooled odds ratio overall 4 trials strongly in favor of screening, OR 0.57 (0.45-
0.74), together with a halving of the incidence of aneurysm rupture in screened

d As percentage of those alive when invitation for screening was sent: randomization
predated this invitation by several months in A large sector of subjects.

Table 5. From Moll et al: Management of abdominal aortic aneurysms clinical practice
guidelines of the European society for vascular surgery. Eur J Vasc Endovasc Surg 41(Suppl
1):S1-S58, 2011. MASS UK, Multicentre Aneurysm Screening Study, United Kingdom.
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populations. One report of asymptomatic, high-risk internal medicine clinic attendees found

an aneurysm prevalence of 9 percent.**® Using ultrasonography as the gold standard, the
sensitivity of abdominal palpation varies from 23 to 68 percent, and specificity from 75 to
91 percent.13-138 Sensitivity increases with the size of the aneurysm and decreased
abdominal girth. In one study, the sensitivity was 61 percent for AAAs 3.0 to 3.9 cm, 69
percent for aneurysms 4.0 to 4.9 cm, and 82 percent for aneurysms 5.0 cm or greater; when
girth was less than 100 cm, sensitivity was 100 percent for aneurysms 5.0 cm or larger.*s#

The predictive value of palpation declines dramatically below age 70.139140

1.8.3 Other imaging modalities

AAAs may be seen on plain films of the abdomen, abdominal computed tomography
(CT), and magnetic resonance imaging (MRI). Both CT and MRI appear to be highly
accurate tests for AAAs but are not generally performed for screening as they are more
expensive than abdominal ultrasonography. However, nearly two-thirds of aneurysms
leading to surgery are detected as incidental findings on imaging studies (most often CT or

MRI) that are performed for other indications. 4!

1.9 Management

Elective AAA repair is the most effective management to prevent rupture. However,
elective aortic surgery is associated with risks, and thus, elective AAA repair is not
recommended until the risk of rupture exceeds the risks associated with repair (anesthetic
risk, technique-related risks).1% For asymptomatic patients, randomized trials comparing
observation for medium-sized (4.0 to 5.5 cm AAA) with open or endovascular AAA repair
have found that the risk of AAA rupture generally does not exceed the risk associated with
elective AAA repair until aneurysm diameter exceeds 5.5 cm.104142-145 \We agree with 2009
guidelines from the Joint Council of the American Association for Vascular Surgery and
Society for Vascular Surgery and recommend observation for asymptomatic AAA <5.5 cm
in diameter based upon these trials.%®

The timing of AAA repair may be affected by other factors such as the presence of
coexistent peripheral artery disease or peripheral aneurysm (e.g., iliac aneurysm, femoral
aneurysm) and other factors that increase the risk of rupture, including advanced age and
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rapid aneurysm expansion. Although repair may not be warranted in patients with AAA

diameter <5.5 cm, these patients remain at risk for aneurysm expansion. As such,
management consists of ongoing clinical evaluation and AAA surveillance, and risk
modification.

Based upon observational studies of the natural history of AAA showing that it was
uncommon for asymptomatic AAA smaller than 5 cm to rupture, this was the traditional
threshold above which open aneurysm repair was performed.24614” Whether this represented
optimal management was addressed in randomized trials comparing aneurysm repair with
non-operative management plus surveillance imaging for medium-sized aneurysms (4.0 to
5.5 cm), with two trials using open AAA repairt®142 and three later trials using endovascular
aneurysm repair. 143145148149 A meta-analysis of these trials found no advantage to early
repair (open or endovascular) for AAA measuring 4.0 to 5.5 cm.** In the United Kingdom
(UK) Small Aneurysm and Aneurysm Detection and Management (ADAM) trials, which
were predominantly composed of men, the risk of death due to rupture during the period of
surveillance of medium-sized (4.0 to 4.4 cm) AAA was lower than the risk of death from
open AAA repair.1%4142 A subsequent meta-analysis in 2007 of these trials found no
significant differences in all-cause mortality between the groups at five to eight years follow-
up.rThe UK Small Aneurysm Trial and the ADAM trial were performed prior to the
widespread use of endovascular aneurysm repair (EVAR). Two trials comparing EVAR to
observation for AAA <5.5 cm similarly found no significant long-term differences between
AAA repair and non-operative management, and these studies lend further support to the 5.5
cm threshold established from earlier randomized trials.!43 144 148,149 | gpite of the lower
perioperative mortality rate associated with EVAR, there appears to be no advantage to

elective EVAR repair for small and medium-sized aneurysms.
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2 AAA AND INFLAMMATION

Inflammation is considered a crucial component in the pathogenesis and
development of AAA along with proteolytic processes, genetic coding, and alterations in
wall tension. AAA has been described as a chronic proinflammatory condition.!%?
Preceding reports concerning histological analysis of diseased aortas have all displayed the
transmural infiltration of T and B cells, macrophages, dendritic cells neutrophils, and mast
cells in the media and adventitia of aneurysmal aortas.'®® These cells generate cytokines
in the affected abdominal wall. Although a vast asset of them has been researched, only
a few are considered specific to this pathology as compared to normal or atherosclerotic
aortas and characterize the inflammatory process in AAA.(Figure 8) In particular, there is
an overexpression of interleukin 6 and interleukin 8 and preeminence of their related
responses, TNF-1 and interferon gamma (INF-1 ), which belong to the group of TH1
associated cytokines, IL1B and 1L10.%® Furthermore, messenger RNA and protein
analysis on AAA samples have shown a distinct presence of intense activation of
inflammatory transcription factors nuclear factor 1 B (NF-1B) and activator- protein 1
(AP-1) in the smooth muscle cells®™ This induces secretion of matrix
metalloproteinases (MMPSs) and other proteases leading to wall degradation and to repeated
secretion of more cytokines thus perpetuating the inflammatory process. In clinical
application, there are several reports concerning measuring of plasma biomarkers in attempt
to observe aneurysm progression such as C reactive protein (CRP) and IL. However, either
results are conflicting or evidence is weak.’ Karlsson et al. found no correlation of CRP
and IL6 plasma levels with the aneurysm expansion rate, while De Haro et al.
reported a statistically significant association of CRP levels with the growth rate of the
aneurysm.®®1%7  Treska et al. showed a significant correlation of IL-6 levels and AAA
diameter and TNF-1 with the symptoms of AAA.*®" Furthermore Jones et al. reported that
for patients with small aneurysms a specific IL-6 genotype predicted future cardiovascular
mortality without however finding any association between plasma IL-6 or IL-6 genotype
and aneurysm growth.”* AAA is a complex entity and despite the significant advances
in surgical and endovascular approaches, no therapies have been established that can
effectively retard the progressive inflammation and elastolysis. Concentrating on isolated
components of the inflammatory process is unlikely to control aneurysm growth rate due

to biological redundancy. Further research of the interactions and relations of the
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components of the inflammatory process as a whole assemblage and their clinical

implication may have the potential to shift AAA detection and growth control in the future.

AAA pathogenesis-The role of inflammation
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Figure (8) The role of inflammation in the AAA pathogenesis.
AAA = Abdominal Aortic Aneurysm
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3 ENDOVACULAR AORTIC ANEURYSM REPAIR (EVAR)

3.1 General

Open AAA repair (OAR) consists of prosthetic graft interposition through
laparotomy, associated with an overall mortality rate of approximately 5%.% Severe
comorbidities could further increase the perioperative risk and consequently the mortality
rate. Cardiac events, respiratory dysfunction, renal impairment and multiple organ failure
are adverse events that may develop following open AAA repair, as a result of a severe
inflammatory response.’® Intraoperative tissue damage, ischemia and reperfusion
injury caused by aortic clamping, and biochemical injury at cellular level are possibly
triggering the above-mentioned severe inflammatory response.6%161

The indication for aneurysm treatment is the elimination of the risk of rupture and
death. For asymptomatic patients elective repair of the aneurysm constitutes the most
effective management to prevent rupture. However elective aortic surgery has been also
associated with considerable risks and therefore elective AAA repair is not recommended
until the risk of rupture exceeds the risks associated with the repair. For asymptomatic
patients the risk of rupture exceeds the risk of repair when the AAA diameter is larger than
5-5.5cm.*81% Endovascular repair of AAA involves the placement of an expandable stent
graft within the aorta to treat aortic disease without operating directly on the aorta through
laparotomy.

Endovascular aortic aneurysm repair (EVAR) has rapidly expanded since Parodi’s
first report and is progressively replacing OSR for the treatment of infrarenal abdominal
aortic aneurysms (AAAs).>1%2 According to nationwide hospital databases, there has been a
600% increase in the annual number of EVAR procedures performed in the United States
since 2000.%% Although long-term durability and associated costs have not been completely
established, EVAR now accounts for more than half of all AAA repairs. Moreover, since
the introduction of EVAR, the annual number of deaths from intact and ruptured AAA has
significantly decreased in the United States. This has coincided with an increase in elective
AAA repair after the introduction of EVAR and a decrease in the diagnosis and repair of
ruptured AAA %3
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3.2 30-day and in-hospital outcome

It would seem to be axiomatic that EVAR, as a minimally invasive technology would
be associated with lower inhospital and 30-day mortality rates as compared to OSR.
Indeed, among nonrandomized but controlled trials, 30- day mortality rates of less than
2% were reported among all FDA pivotal study populations (AneuRx [n = 416] 1.7%;
Excluder [n = 235] 1.3%; Zenith [n =352] 1.1%; Powerlink [n =192] 1%).1% In an
analysis of pooled trial data for patients considered at high risk for OSR, 30-day
mortality for patients treated by EVAR or OSR was comparable (2.9% EVAR vs 5.1%
OSR, p=0.32).1%* Among randomized, prospective trials, lower mortality was observed
among those patients treated by EVAR. Specifically, in-hospital mortality rates in the
EVAR-1 trial and the DREAM trial were 1.7% and 1.2% for EVAR and 6% and 4.6% for
OSR, respectively.’®1% These differences, however, did not achieve statistical
significance (p=0.1). Moreover, only 23% of screened patients in the EVAR-1 trial
were eligible for randomization with more than half of all patients excluded from the
trial due to the presence of anatomic unsuitability for EVAR (54%).

It is noteworthy that with rapid adoption of this technology in the United States,
much lower mortality rates have been reported for EVAR in analyses of large statewide
and multi-state population-based databases.'®’ These trends were noted early after initial
FDA approval of first generation devices. In-hospital mortality of 4.2% for OSR and
0.8% for EVAR was observed among approximately 1,600 patients treated in New York
State treated in 2002.1% Lee at al analyzed 4,607 patients who underwent OSR and 2,565
treated by EVAR that were enrolled in the Nationwide Inpatient Sample (NIS) database
in 2002.1% In-hospital mortality was significantly lower following EVAR (1.3% vs 3.8%),
despite the presence of greater cardiovascular co-morbidity. In a review of 65,502
patients entered into the NIS database who underwent elective EVAR between 2001 and
2004, Timaran et al noted an in- hospital mortality of 2.2%.17° Stratified analyses,
including only elective EVAR procedures, revealed that in-hospital mortality was 1.7%
in patients with the most severe comorbidities and 0.4% among those with lower
comorbidity. In this regard, analysis of a high risk cohort from the from the Veteran
Affairs (VA) National Surgical Quality Improvement Program (NSQIP) revealed those
patients who underwent elective EVAR (n=788) had a significantly lower 30- day
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mortality than those treated by OSR (n=1,580) (3.4% vs 5.2%,p=0.047).1"* In a recent

analysis of 45,000 propensity score- matched Medicare beneficiaries treated by EVAR
and OSR, mortality was significantly lower after EVAR (1.2% vs 4.8%; p=0.001), with
reduction in mortality most pronounced for those of advanced age (80 to 84 years: 1.6%
vs 7.2%; 85 years: 2.7% vs 11.2%; p=0.001).1"

3.3 Mid-term outcomes

The DREAM and EVAR-1 trials have provided mid-term follow-up data at two and
four years, respectively.'®>1% Although a 3% reduction in aneurysm-related mortality
persisted throughout the follow-up period, in both trials, the initial reduction in all-cause
mortality was eliminated within one to two years with equivalent overall survival in both
treatment groups. Moreover, EVAR was associated with a greater number of late
complications and secondary reinterventions. In the EVAR-1 trial, reinterventions occurred
three times as often, exceeding 20% at four years, whereas for OSR the reintervention rate
was approximately 6%. The DREAM trial showed a similar pattern in the first nine months
after randomization (hazard ratio, 2.9; 95% confidence interval. (Cl), 1.1 to 6.2), with
roughly parallel rates for reintervention for EVAR and OSR, thereafter (hazard ratio, 1.1;
95% CI, 0.1 to 9.3). A population-based study of 45,660 Medicare beneficiaries undergoing
either EVAR or OSR demonstrates similar findings.'"? Survival curves converged three years
after initial repair and by four years, AAA rupture (1.8% vs 0.5%) and AAA-related
reinterventions (9.0% vs 1.7%) were more likely after EVAR than after OSR. In contrast,
laparotomy-related complications that required surgical repair were more likely among
patients who had undergone OSR (9.7%, vs 4.1%), as were hospitalizations for bowel
obstruction or abdominal-wall hernia. Although the DREAM trial reported that quality of
life scores were greater for those patients treated by EVAR, within six months, differences
were no longer apparent and sexual function scores were similar or better for those patients
who underwent OSR.1” Likewise, in the EVAR-1 trial, SF-36 mental component scores were
similar for both treatment groups throughout the postoperative and follow-up periods, with
differences only observed for the physical component scores, which were lower during the

first three postoperative months for those treated by OSR."™
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4 POST IMPLANTATION SYNDROME

4.1 Incidence-Definition

Several reports have mentioned that endovascular procedures may initiate a
systemic inflammatory response, known as post-implantation syndrome (PIS).1>® This
inflammatory process may be triggered by manipulations with sheaths and catheters
within the aortic lumen and the intramural thrombus, leading to the release of
inflammatory mediators such as tumor necrosis factor o (TNFa), interleukin-6 (I1L-6) and
other cytokines.'”"*"® Endothelial dysfunction may also prompt this inflammatory
reaction, reflecting a synergic role between the material of the graft and the endovascular
surgical technique.t”®7® Despite the fact that PIS is frequently well-tolerated by patients,
its impact on the outcome of patients is still unknown, especially in patients at high
risk, including the elderly with several comorbidities.}”® According to the reporting
standards for endovascular aneurysm repair (EVAR), PIS could be considered a
moderate complication of the procedure.®?

Post implantation syndrome is the clinical and biochemical expression of an
inflammatory response following endovascular repair of an aortic aneurysm. The

reported incidence of PIS in the literature has been varying widely from 14 to 60%.%-
183

The underestimation of this syndrome, which is not systematically reported, and the
relatively small number of patients involved in most studies may account for this
variation. Additionally, the lack of a universally accepted definition should also be
acknowledged. Velazquez et al first described PIS in 1999 as the presence of fever and
leukocytosis with a white blood cell (WBC) count >11,000/ml.*®* Thereafter Gorich et al
reported a 45% incidence of PIS by defining leukocytosis as WBC count >10,000/m|.%
Blum et al reported a raised incidence of PIS (100%) in 154 consecutive EVAR patients,
taking into account leukocytosis of WBC count >9800/ml and elevated CRP, but not the
presence of fever.1®

A definition of the syndrome according to the systemic inflammatory response

(SIRS) seems logical. This definition seems to be more reasonable because there is
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evidence supporting a systemic inflammatory response induced by the implantation

of the endoprosthesis. PIS seems to constitute a SIRS state as it actually fulfills at least

two of the SIRS criteria (fever and leukocytosis).*®’

PIS is mainly a clinical condition associated with the implantation of an
endograft and is diagnosed by the presence of fever accompanied by elevated WBC
count above normal without any evidence of an infection. All patients presenting with
fever during the postoperative period, whether or not fulfilling the PIS criteria, are
undergoing a thorough work up for possible infection. If any of these tests reveal
evidence of an early pulmonary, urinary tract or any other kind of infection, the patient

is not considered to suffer from PIS.

4.2 Causes

Multiple factors have been proposed as causes of the inflammatory response after
EVAR. Some authors suggest that manipulation of the aneurysm may activate white
blood cells and lead to release of various cytokines, while others speculate that injury
to the endothelium may cause protein C activation and subsequent coagulopathy,178180188
None of these theories have been proved. Furthermore, an experimental study showed
that iodide-containing contrast agent that is used during EVAR for vessel visualization
induced neutrophil granulocyte degranulation.’®*® A P1S-induced effect due to contrast
media has not been observed in either clinical study so far.17>1761%0

Thrombus: Aneurysm thrombus has also been proposed to incur a role on the
inflammatory response. Norgren et al in the early years of EVAR proposed that this
endovascular procedure may induce an inflammatory response mainly involving TNF-a
release from cell activation arising from intra-aneurysmal device manipulation.’® The
theory was based on the finding that mural thrombus of an aortic aneurysm contains high
amounts of IL-6 and that manipulations with endovascular instruments inside the mural
thrombus might release 1L-6.1"" Gabriel et al supported this hypothesis 10 years later,
though neither of these studies performed any quantitative evaluation of thrombus

manipulation during the procedure.® Future large studies should focus on the effect of
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sac thrombosis after AAA exclusion from the circulation on the inflammatory biomarkers

and its relation with PIS development.

Role of material: Differences between the type of the stent graft deployed and
the development of PIS might indicate that different materials and maybe configurations
of the grafts, can interfere with an inflammatory response. Stent grafts are a collapsible
hybrid product composed of either woven Dacron or ePTFE with stents providing for
radial support. Gerasimidis et al in a relatively underpowered study found for the first
time in 2005 that fever was more common in a group of patients who received polyester
endovascular grafts that in those that received PTFE graft.’® The type of endograft’s
material may incur a principle role in PIS development and may have a predictive role
for a significant portion of EVAR patients.

Furthermore there are other differences between stent grafts, unrelated to graft
material, which theoretically might also influence PIS occurrence. The vast majority of
the stent grafts have an exoskeleton made of nitinol. Since the presentation of nitinol for
medical application, it has been extensively used in coronary and peripheral arterial
stents. No inflammatory response is reported in these applications, despite frequent
treatment of multiple and lengthy lesions, requiring large quantities of the material.
It is, therefore, doubtful that variances in the application of nitinol between stent grafts

to have any effect on PIS.

4.3 Role of C-reactive protein

One easily measurable factor for the determination of PIS is C-reactive protein
(CRP). This is an acute phase protein, that apart from reflecting the degree of systematic
inflammation, might be considered as a surrogate of atherosclerotic burden that may also
have a direct role in atherosclerotic plaque rupture and thrombosis.!**%? In a surgical
setting Choi et al. reported that high-preoperative CRP represents a strong and
independent predictor of perioperative major cardiovascular event in noncardiac
surgery, while our group in a previous report suggested that hs-CRP may predict the
occurrence of cardiovascular event during the first postoperative year after vascular

surgery.31% CRP has been used as PIS indicator in many studies. CRP levels increase
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rapidly, usually 6 hours after an inflammatory trigger, reaches a peak in 1-2 days and

return to baseline in 4 to 10 days.'*® Although CRP seems to be able to serve as an
indicator in the diagnosis of PIS, more studies are needed to confirm its real value.

4.4 Role of cytokines

Cytokines seem to play an important role on the inflammatory response after
EVAR. Cytokines constitutes components of a complex signaling network. They can
broadly get classified as growth factors. chemotactic factors (IL-4, IL-8), modulators
of lymphocyte function (IL-2, IL-4) and modulators of the inflammatory response (IL-
1b, TNFa, IL-6).2%% Swartbol et al in an in-vitro study of 10 mural thrombus
specimens obtained from 10 different aortic aneurysms reported elevated levels of IL-
6 from the aneurysmal thrombus, causing WBC stimulation and production of TNF-a.*’’
This finding has been confirmed in a clinical study by Dawson et al.'*® They found that
circulating IL-6 was elevated within the aorta in patients with aneurysms and also
correlated with the aneurysm surface area. In EVAR the endograft material is exposed
to the bloodstream and its surface activates inflammatory mediators. Plasma levels of
IL-6 after endoluminal graft placement in the abdominal aorta have been shown to
increase in all patients on the first postoperative day.!®® Gabriel et al. in a relatively small
study (25 patients) evaluated the inflammatory reactions following endovascular
abdominal and thoracic aortic aneurysm repair and showed that in all patients there was
an elevation of IL-6 which culminated at 24 hours and triggered both an elevation of
CRP and the development of fever 24 hours later.>! However it is not a readily available
assay in normal hospital laboratories and cannot be easily applied outside of research

use.

4.5 Qutcome

The relation of PIS with patient’s outcome has not been adequately established. In
most studies PIS is considered a benign condition. Seldom, the inflammatory process has
been reported to lead to the development of serious complications such as pulmonary

dysfunction, cardiovascular events, renal insufficiency, even multi-system organ
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failure.”®2%201 However, PIS has not been reported as an outcome measure in none of the

large EVAR trials. Our group has reported a few years ago 5 EVAR and 1 TEVAR patients
that needed readmission during the first 30 days after the procedure due to a systemic
inflammatory response syndrome (SIRS).2%? All these patients had PIS postoperatively and
were discharged home after PIS had been attenuated. Several days later, they returned
because of continuous fever and a generalized inflammatory response, including dyspnea,
tachycardia, leg edema, weakness, anorexia, even renal insufficiency and pleural infusions,
which eventually led to readmission. All patients underwent several examinations and
were assessed by experienced doctors within different specialties, but no other diagnosis
founded by clinical evaluation and laboratory tests could be made, except that all patients
were developing SIRS. It is important future studies to assess whether PIS patients remain
at a greater risk of suffering from an adverse event when compared to non-PIS patients

even after the first month and might require closer surveillance after the procedure.
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1 Objectives

Endovascular procedures have been proposed as minimally invasive alternative
treatment, allowing safe and effective aortic aneurysm repair. Despite the potential
benefits, it has been demonstrated that endovascular stent grafting may elicit an
unexpected systemic inflammatory response, which has been named post-implantation

syndrome (PIS), first described by Velazquez et al. in 1999. >

The main features of PIS include continuous pyrexia despite antibiotic therapy,
negative culture results, leukocytosis and/or coagulation disturbances,1601882003-205 The
incidence of the syndrome has been reported to vary widely between 3% and 60%
for abdominal aortic aneurysms (AAAs).2% Although, there are many laboratory and
clinical data suggesting a systemic inflammatory response syndrome (SIRS)
state, 8118218, from the pathophysiological and clinical point of view there is no clear
definition of the syndrome and its potential significance so far. It seems that PIS manifests
clinically as a systemic inflammatory response syndrome (SIRS), meeting two of the
four criteria according to the definition of SIRS, fever and leukocytosis.’®"?" This
response is primarily attributed to endothelial dysfunction reflecting a synergic role
between the material of the graft and the endovascular surgical technique; the acute
formation of a large amount of thrombus within the aneurysmal sac may also play a
role.?®® The clinical importance of PIS is unclear and the impact of the syndrome on
the outcome of the patients is still unknown. However, postoperative inflammatory
response raises concerns of postoperative morbidity, especially in patients at high risk,
including the elderly with several comorbidities.t”®?® In most cases, PIS is generally
well tolerated, but even then it may result in a more demanding post-operative recovery
leading to prolonged hospitalization, and thus it might be considered a moderate
complication of the procedure.

The present study was designed to prospectively evaluate PIS after elective
endovascular aneurysm repair of abdominal aortic aneurysm (AAA) and to investigate
its association with various clinical and laboratory parameters, as well as the clinical

outcome of the patients during the first year after EVAR.
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2 Patients and Methods

2.1 Definition

PIS fulfills at least two of the SIRS criteria (i.e., fever and leukocytosis).t®

Therefore, PIS was defined as the presence of fever (persisting body temperature >38

OC lasting for more than 1 day during hospitalization) and leukocytosis (white blood

cell count > 12.000/mL) despite antibiotic therapy and negative blood culture results.

2.2 Study sample

From May 2007 to July 2008, 40 consecutive patients undergoing elective EVAR
repair in our department were enrolled in a pilot study to prospectively evaluate whether
EVAR is associated with PIS as well as the relationship of clinical and biochemical
relation of PIS with several acute phase inflammation markers.

Subsequently, from January 2010 to June 2013, 214 consecutive patients with
AAA undergoing elective EVAR in our department were prospectively enrolled in a
full scale study protocol (30-day and 1-year follow up). All patients gave written
informed consent, and the study protocols was approved by the institutional Ethics
Committee. During this time, endovascular repair was offered to all suitable patients
according to the ESVS practice guidelines for the management of AAA 2! Exclusion

criteria included:

e Clinical and/or laboratory evidence of infection preoperatively, including
leukocytosis (white blood cell count [WBC] > 10.000/mL) and elevated body
temperature.

e Signs of gangrene.

e Previous trauma or surgery two months prior to enrollment.

e Previous implantation of endoprosthesis.

e Any autoimmune disease or systemic inflammatory condition.

e Any malignancy.
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e Use of anti-inflammatory drugs, chemotherapeutic agents, immunosuppressants,

or anticoagulants.

2.3 Procedure

All patients were treated by the same surgical and anesthesiology team in a
fully equipped operating room with the patient under general anesthesia. Every effort
was made to follow the selection criteria recommended by the manufacturer of the stent
graft, however, the surgeon’s decision as to which device to use was based on the
anatomical characteristics of the proximal neck, the iliac artery configuration, and the
presence of thrombus or calcification. Open surgical access through small transverse
incisions for both femoral arteries was used and systemic heparinization was achieved
with 5,000 U of heparin. Every effort was made to deploy the endovascular device just
below the level of the lowest renal artery. The stent grafts implanted were Endurant
(Medtronic Inc, Santa Rosa, CA, USA), Anaconda (Vascutek, a Terumo company,
Inchinnan, UK), Zenith (Cook Inc., Indianapolis, IN, USA), Aorfix (Lombard Medical
Technologies, Oxfordshire, UK), Powerlink (Endologix, Irvine, California), and
Excluder (W.L. Gore & Associates, Flagstaff, AZ, USA). The material of the first four
devices is polyester, while the last two devices are made from ePTFE. All the devices
were bifurcated systems. All patients received antibiotic prophylaxis (teicoplanin 400 mg,
and ceftriaxone 1 g) half an hour pre-operatively and for the day of operation, as well as
3500 1U of low molecular weight heparin (tinzaparin) from the first postoperative day
until discharge. In all patients, demographics, intra-operative and post-operative
complications, the incidence of PIS, the diameter of the aneurysm, the type of the graft
deployed, the operation time, the amount of contrast media administered (Optiray 320,
Mallinckrodt Inc, St. Louis, MO, USA), and length of postoperative stay, were recorded.
Temperature was recorded eight times daily for the duration of hospitalization. Blood
tests including troponin levels were measured on the first and third post-operative day and
the day before discharge. Post-operative pain was controlled with intravenous tramadol,
while in cases of fever >38.5°C lasting more than 2 hours intravenous paracetamol (1 g)

was administered. According to the protocol no anti-inflammatory drugs (steroids or non-
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steroids) were used during the post-operative period. All patients presenting with

fever during the post-operative period, whether or not fulfilling the PIS criteria,
underwent a thorough work up for possible infection. If any of these tests revealed
evidence of an early pulmonary, urinary tract or any other kind of infection, the patient

was not considered to suffer from PIS. Patients were discharged in the absence of any

complications, with a body temperature <37.5 °C for at least 24 hours and a WBC
<12.000/mL. Outpatient follow-up was performed at the 1st, 6th, and 12th month after
surgery. All patients continued their medical treatment with statins and antiplatelets

during the follow-up period.

2.4 Variables of interest

Demographics, risk factors, pre- and post-operative medication, maximum
aneurysm diameter, contrast media used, duration of the procedure, type of endograft,
the occurrence of PIS, maximum temperature, peri-operative complications, and duration
of hospital stay were recorded for each patient. Aneurysm volume was calculated from
the computed tomography using a workstation with dedicated reconstruction software
(3Mensio, Medical imaging B.V., Bilthoven, The Netherlands) by the same operator.
At first the total AAA volume from pre-operative computed tomography angiography
(CTA) was calculated. Furthermore, from CTA in the first month, the amount of newly
formed thrombus was calculated by subtracting the endograft volume and the pre-
operative thrombus volume from the total AAA volume. Adverse events included any
major cardiovascular event (MACE), acute renal failure, readmission and death of any
cause. MACE was defined as a composite of death from cardiac causes, nonfatal acute
myocardial infarction (ST and non-ST), worsening of cardiac status needing
intervention, ischemic stroke and transient ischemic attack (TI1A). Death was considered
due to cardiac causes if the patient died of MlI, cardiac arrhythmia, or congestive heart
failure caused primarily by a cardiac condition. The diagnosis of MI required elevated
troponin concentration with at least one of two 12-lead ECG changes, including
development of new Q waves or new persistent ST-T segment or T-wave changes.?!?

Unstable angina was defined as severe chest pain lasting for at least 30 min, unresponsive
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to standard therapeutic intervention, and associated with transient ST- segment

deviation of 0.05mV or greater, new or T-wave inversion of 0.3 mV or greater without
development of Q waves, or CK-MB elevation. Stroke was defined according to the
current World Health Organization definition as rapidly developing clinical signs of
focal (or global) disturbance of cerebral function, lasting more than 24 hours or leading
to death, with no apparent cause other than that of vascular origin.?*® TI1As included brief
episodes of neurological dysfunction resulting from focal cerebral ischemia not
associated with permanent cerebral infarction, lasting less than 24 hours.?'* Acute kidney
failure was defined as impaired renal function according to KDIGO clinical practice

guidelines.?

2.5 Medication

All patients were on antiplatelet therapy (aspirin 100 mg once daily) for at least
3 weeks prior to the procedure. Preoperative medications were continued immediately
after surgery. Patients who were enrolled and were already receiving a statin continued
their medication. For patients not already on statin, atorvastatin (20 mg once daily) was

initiated at the screening visit.

2.6 Blood samples and laboratory markers

For our preliminary study blood test were obtained without tourniquet 24 hours
prior to, and after the surgery. In contrast, in our main study venous blood was collected
without tourniquet preoperatively, at day 1 and 3 postoperatively, at the 1st, 6th and 12th
month after the procedure. Patients at the 1st, 6th and 12th month visits with a history of
a recently developed (<15 days) inflammatory disease were rescheduled for an
appointment two weeks afterwards.

For the determination of WBC and PLT counts, 2 ml blood was transferred into
an evacuate tube containing 3.6 mg K ethylenediaminetetraacetic acid (EDTA) dry salt
(Becton-Dickinson Vacutainer, Plymouth, UK). The blood was mixed with the
anticoagulant by repeated inversions of the tube. Complete blood cell counts were

measured in the SE- 9500 model of Automated Haematology Analyzer (Sysmex
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Corporation, Kobe, Japan). For the determination of Fib plasma levels (mg/dl) 4.5 ml of

blood transferred into an evacuated tube containing 0.5 ml (0.105 M) sodium citrate
(Becton-Dickinson Vacutainer, Plymouth, UK). The blood was mixed with the
anticoagulant by repeated inversions of the tube. The tube was centrifuged in 2000 g for
10 min twice, and the separated plasma collected in plastic tubes. The Fib plasma levels
were measured according the Clauss method in the BCS model of Behring Coagulation
Analyzer (Dade-Behring, Marburg, Germany). A high-sensitivity assay was used for the
determination of serum CRP levels (hs-CRP Beckman Coulter, Miami, FL, USA). The
serum CRP levels were determined via the scatter of light produced by the formation of
immune complexes in the test solution (Beckman Coulter, Immage Immunochemistry
System). For serum collection a 5-ml blood sample was transferred into a sterile
evacuated tube (Becton-Dickinson Vacutainer, Plymouth, UK). The blood allowed
clotting at room temperature. After the clot formation, the tube was centrifuged at 3000
g for 15 min and the separated serum was collected in plastic tubes. Serum samples

were frozen at —70 °C until analysis.

Besides the traditional inflammatory markers (WBC, hs-CRP and fibrinogen)
we also measured IL-1pB, IL-6 and TNF-a. From these markers IL-6 was the only
marker significantly altered in PIS patients in our preliminary study.?’® Thus we
measured only the IL-6 in the patients not included in preliminary data. IL-1p, IL-6
and TNF-a, serum levels were determined by immunosorbent assays in duplicated
samples according to the manufacturer’s instructions (Bender MedSystems, Vienna,
Austria). In brief, serum and standard samples were incubated into the micro wells of an
enzyme linked immunosorbent assay (ELISA) plate, coated with a mouse monoclonal
antibody against the corresponding human molecule (e.g.anti-1L-6). During the
incubation a bound complex of antigen- antibody was formed (e.g. anti-IL-6 —IL-6).
After the removal of the unbound material, a mixture of streptavidine-horseradish
peroxidase (HRP) and a biotin-conjugated detector monoclonal antibody against the
complex was added. Following the incubation step, the excess unbound material was
removed and a substrate solution reactive with the HRP was added. During a new
incubation step, a colored product was formed in proportion to the serum amount of

IL-6. The enzymatic reaction was stopped and the absorbance of the colored product
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was measured at 450 nm. A standard curve of various IL-6 concentrations is used for

the determination of IL-6 concentration in the tested sample. Troponin concentrations
were measured by Immunolite 2000 troponin I, a solid phase, two site
chemiluminescent assay (Diagnostic Products Corporation, Corporate Offices,
Louisiana, USA).

2.7 Statistical analysis

2.7.1 Preliminary Study

Preliminary analysis was performed to ensure no violation of the assumptions of
linearity and normality. The Shapiro— Wilk test was used to evaluate whether each parameter
followed by a Gaussian distribution. Data are expressed as mean"S.D., except for non-
Gaussian parameters, which are presented as median (range). Comparisons of continuous
variables between groups was performed by an unpaired two-tailed Student’s t-test for
normally distributed variables and a Mann-Whitney U-test for non-normally distributed
variables, whilst x2-tests were used for categorical variables. Differences of study parameters
between baseline and postoperative values within the same group were evaluated by paired-
samples t-test or Wilcoxon’s rank test for normally distributed or non-normally distributed
variables, respectively. Relationships between variables were explored by determining
Pearson’s or Spearman’s rank correlation coefficients as appropriate. Statistical analysis was
performed using SPSS for Windows Release 15.0 (SPSS Inc, Chicago, IL, USA). A P-value

of <0.05 was considered as statistically significant.

2.7.2 Main Study
Considering the lack of adequate data on the effect of PIS on the events occurrence
during the first year after EVAR no reliable sample size calculation was feasible. Based
on PIS rates (nearly 1/3 of EVAR patients) as reported in the preliminary study of this

group?? and considering certain financial restrictions, this prospective study was designed
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to include nearly 180 patients for the 1-year follow-up, so that the PIS group (= 60-70

patients) should have a relatively adequate size for estimation in events differences. Data
were expressed as mean + standard deviation (SD) as appropriate, except for non-
Gaussian parameters that are presented as median (range). Comparisons of continuous
variables were performed by Student t test for normally distributed variables and Mann-
Whitney U test for non-normally distributed variables, while the chi-square test was used
for categorical variables. To assess the effect of the independent variables observed
within the study context, each one was initially examined separately and the significant
predictors at level p1=0.25 were identified. These were used in a binary logistic regression
model. The formerly non-significant factors were then considered again at level p,=0.10.
Interactions between the main effects of the final model were examined. The enter
method with significance level p;=0.05 was used to obtain p —values and odds ratios
for the main effects and interactions. All analyses were carried out with SPSS 20.0
statistical package for Windows (IBM Corporation, Armonk, New York).
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3 Results

Between May 2007 and July 2008, elective EVAR for asymptomatic infrarenal AAA
was performed in 43 consecutive patients aged between 53 and 87 years (median age 74.2
years). Three patients were excluded from the study due to previous use of anti-inflammatory
drugs (n=2) and to signs of gangrene in the toes (n=1). A total of 40 patients aged between
53 and 87 years (median age 74.2 years, 100% males) were included in the study.

From January 2010 to June 2013 a total of 242 consecutive patients assessed for
eligibility criteria, 28 patients were excluded: eight of these patient had diagnosed with
a malignancy (3 with lung cancer, 2 with Leukemia, 2 with large bowel Cancer, 1 with
prostate cancer), five patients had taken anti-inflammatory drugs, four patients had
undergone previous surgical procedure within the previous two month, four patients was
under anticoagulant, two patients had Chronic Kidney Failure and was under
hemodialysis, two patients were diagnosed with infection, two patients had peripheral
vessel disease and sighs of gangrene and one patient had liver failure. A total of 214
patients (72.3 £8.1 years, 97% males) were included in the 30 day follow up, with 182
patients (72.4+7.8 years, 96% males) being available for analysis after a year follow up.
Five did not attend the 1-year follow up but were reached via phone. Stent deployment

was technically successful in all patients, with no intra-operative complications.

3.1 PIS Preliminary data

From May 207 to July 2008, 40 consecutive patients aged between 53 and 87
years (median age 74.2 years) were evaluated to preliminary report our data on whether
the endovascular treatment of AAAs is associated with early inflammatory response as
well as the relationship of clinical and biochemical expression of PIS with several
acute phase inflammation markers.

The patients’ characteristics are presented in Table 1. PIS was recorded in 14 (35%,
PIS group) of the 40 patients. There were no significant differences in patients’
characteristics between the two groups (PIS group and no PIS group, Table 1). Pre-
and postoperative laboratory data are shown in Table 2. Peak postoperative temperature
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correlated with the postoperative values of WBC (Spearman p=0.506, p=0.002), hs-

CRP (Spearman p=0.451, p=0.05) and IL-6 (Spearman p=0.532, p=0.005). Patients
(n=26) without PIS postoperatively showed a significant increase in the values of hs-CRP
(p=0.005) and fibrinogen (P=0.015), while the PLT count decreased (P=0.005). No
significant differences regarding the pre- and postoperative values of IL-1, IL-6 and TNF-
a, were noted. In patients with PIS (n=14), the changes in the values of hs-CRP, PLT,
IL-1, and TNF-a, were similar to those in patients without PIS. There were no
significant differences in laboratory data between PIS and no PIS groups preoperatively,
while postoperatively there was a pronounced significant increase in WBC count and
IL-6 values in the PIS group of patients (Table 3). Of note, a significant increase in IL-6
levels was observed only in the PIS group (median difference value 82.5 vs. 11.5,
p=0.001) postoperatively (Table 2 and Fig.1). The decrease in PLT count was greater in
the PIS group compared with the non-PIS group (median difference value 70 vs. 49,
p=0.005) and the increase in hs-CRP was also greater in the same group (median
difference value 110.46 vs. 71.93, p=0.002), (Fig. 1).

The grafts that were deployed for the successful exclusion of the aneurysm
included: 16 Talent grafts (Medtronic Vascular AVE, Medtronic Europe SA, Route
du Molliau, Switzerland), 17 Excluder grafts (W.L. Gore & Associates, Inc, Flagstaff,
AZ, USA), five Anaconda grafts (Vaskutek-Terumo Cardiovascular System Corp, Ann
Arbor, MI, USA) and two Zenith grafts (Cook Medical Inc, Bloomington, IN, USA).
The incidence of PIS according to the type of the graft deployed was 6/16 (37.5%)
for the Talent group, 5/5 (100%) for the Anaconda group and 1/2 (50%) for the Zenith
group compared with 2/17 (11.7%) for the Excluder group (x>=15.03, p=0.002). There
was not any significant correlation of PIS with the patient’s age, the maximum diameter
of the aneurysm, the amount of contrast media used, and the duration of the operation.

The median stay in hospital after the procedure was five days (range 2-9).
Postoperative hospitalization was significantly prolonged in the PIS group compared to
PIS- free group [median value, (range) 5.5 (5-9) vs. 3 (2-7) days, p=0.002], (Fig. 2). Two
patients who developed PIS suffered a mild myocardial infarction on the first postoperative
day. Both patients were admitted in the cardiac intensive care unit (ICU) and were
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eventually discharged home on the eighth and ninth postoperative day, respectively. All

other patients were discharged from hospital after uncomplicated recoveries.

3.2 PIS and 30-day outcome

A total of 214 patients (72.3+8.1 years, 97% males) were included in the study.
PIS was diagnosed in 77 (36%) patients. Baseline and peri-operative characteristics in
patients with and without PIS are shown in Table 4. In terms of baseline characteristics,
traditional cardiac risk factors were equally distributed among the groups (Table 4).
Sixteen patients (7.5%) had MACE within 30 days of surgery, resulting in one death.
More specifically, 11 patients sustained a non-fatal acute myocardial infarction, three a
transient ischemic attack, and one patient had a stroke. Four patients suffered from acute

renal failure, and four patients were readmitted due to symptoms of severe inflammation.

3.2.1 Predictors of PIS

Pre-operative WBC count values (p < .001), endograft material (polyester) (p <
.001), and heart failure (p = .03) were independent predictors of PIS, as shown by
multiple logistic regression analysis. For every 1,000 units increase in pre- operative
WBC count the chance of PIS increased by 95.5% (95% CI 50-255%). The use of
polyester raised (95% CI 5, 3-29, 5 times) the possibility of PIS 12 times compared with
the use of ePTFE. Patients suffering from heart failure were three times (95% CI: 1.1-
8.5 times) more likely to have PIS than those who did not. The endografts that were
deployed are shown in Table 5. The relationship between the different endografts
deployed and the occurrence of PIS is shown in Fig 3. 127 grafts were made of polyester,
and 87 were ePTFE. Endografts made of polyester had significantly higher rates of
PIS development than endografts made from ePTFE (polyester group 52.8% vs. PTFE
group 11.5%, p < .001) (Fig. 3B). There were no differences recorded either in total
preoperative AAA volume, pre-operative endoluminal thrombus, or in the amount of

newly formed thrombus between the two groups (Fig. 4).
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3.2.2 PIS qualitative and quantitative characteristics.

PIS characteristics are shown in Table 4. Mean postoperative temperature (p <
.001), length of hospital (p <.001) and ICU (p = .008) stay, as well as maximum post-
operative WBC count (p < .001), IL-6 (p < .001), and hs-CRP values (p < .001) were
significantly higher in the PIS group. In the vast majority (73/77, 94.8%) of patients in
the PIS group, the syndrome was evident from the first postoperative day. In all

patients who sustained an adverse event, PIS occurred before that event.

3.2.3 Influence on 30-days outcome

3.2.3.1 Major adverse cardiovascular events.

None of the patients was lost to follow up. During the first 30 days, three of
137 patients (2.2%) in the non-PIS group had MACE, compared with 13 out of 77
patients (16.8%) in the PIS group (p < .001). More specifically, multiple logistic
regression analysis showed that the presence of coronary artery disease (p = .01), post-
operative hs-CRP (p = .001), and duration of fever (p = .02) independently predicted
the occurrence of MACE. Patients suffering from CAD were 7.9 times (95% CI 1.6-
38.6 times, p = .011) more likely to sustain MACE during the first 30 days after the
procedure. For every additional day of post-operative fever after the first, the chance
of MACE increased by 67.9% (95% CI 9.8-260%, p = .017), while for every 10 unit
increase in the post-operative hs-CRP the chance for MACE increased by 15% (95% CI
6-24%, p = .001). The ROC curve analysis showed that post-operative hs-CRP is an
important value in predicting the occurrence of MACE during the first 30 days after the
procedure (area under the curve [AUC] 0.804; p < .001; Fig. 5). A threshold value
of 125 mg/L was highly associated with the occurrence of MACE, with a sensitivity of
82% and specificity of 75%.

3.2.3.2 Adverse events.
During the first 30 days, four of 137 patients (2.9%) in the non-PIS group had an
adverse event, compared with 20 of 77 patients (25.9%) in the PIS group (p < .001).

Multiple logistic regression analysis showed that hs-CRP post-operative values (p =.004),
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post-implantation syndrome (p = .01), maximum temperature (p = .02), and history of

smoking (p = .02) were independent predictors of an adverse event during the first 30
days after the procedure. For every 10 unit rise in the value of post-operative hs-CRP the
chance of an adverse event increased by 12% (95% CI1 4-19%, p =.004), while for every
1 degree rise in maximum temperature the risk increased 3.1 times (95% CI 1.15-8.5
times higher, p = .03). Patients diagnosed with PIS after implantation were about five
times (95% CI 1.5- 17.6, p = .011) more likely to suffer an adverse event than non-PIS
patients, while smokers were about 4.3 times (95% CI 1.25-15.1, p = .02) more likely
than non-smokers. The ROC curve analysis showed that post-operative hs-CRP is an
important value in predicting the occurrence of an adverse event during the first 30 days
after the procedure (area under the curve [AUC] 0.79; p < .001, Fig. 6). A threshold
value of 125 mg/L was highly associated with the occurrence of an adverse event, with

a sensitivity of 72% and specificity of 75%.

3.3 PIS and 1-year outcome

From January 2010 to January 2013, a total of 182 patients (72.4+£7.8 years,
96% males) were included in the study. PIS was diagnosed in 65 (35.7%) patients.
Baseline characteristics in patients with and without PIS are shown in Table 6. Traditional
risk factors were equally distributed between the two groups. Five patients did not
attend the 1-year follow-up visit but were reached via phone. Five patients, 3 in the PIS
and 2 in the non-PIS group, suffered from limb thrombosis occurred at the 1st month in
four of them and at the 5th month post-EVAR in one of them. One patient had a migration
of the endograft and a type | endoleak and was treated with an aortic cuff at the 6th
month after the initial procedure. 26 (14.3%) patients, 14 in the non- PIS and 12 in the
PIS group, had a type Il endoleak at some point during the follow-up period. In 22
patients the endoleak disappeared during follow-up. In 4 patients endoleak type 11 remained
at the 1 year visit, without however any sac enlargement. There was no correlation of the

endoleak or any complication rates with the occurrence of PIS (all p>0.05).
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3.3.1 Variables

White blood cell count: Baseline WBC levels were similar between the two
groups (p=0.102). There was a significant increase in WBC count in favor of PIS-
group at the postoperative period (p<0.001). This difference remained statistically
significant during the 1st year follow-up period at all time points until the end of the
follow-up-period. (Table 7), (Figure 7).

Platelet count: Baseline and postoperative platelet count levels were similar
between the two groups (p=0.65 and p=1 respectively). Patients of the PIS group had
higher platelet count levels at the first month after the procedure (p<0.001). However no
significant difference was evident at 6 (p=0.22) and 12 (p=0.99) months between the two
groups (Table 7), (Figure 7).

Fibrinogen: Concentration of fibrinogen did not differ significantly between the
two groups at baseline (p=0.98), postoperatively (p=0.12) and at the first (p=0.99) and
sixth (p=0.96) month after the procedure. Patients of the PIS group had significantly higher
levels of fibrinogen at the first year when compared to patients of the non-PIS group
(p=0.006), (Figure 7).

hs-CRP: The median baseline hs-CRP level was 3.2 mg/L in the non-PIS group and
4.6 mg/L in the PIS group (p=1). Patients of the PIS group had significantly higher levels of
hs-CRP at the immediate postoperative period (p<0.001) and at the first month after the

procedure (p=0.04). These values returned to near baseline levels at the 6th (p=0.99) and
12th (p=0.99) month (Table 7), (Figure 7).

Interleukin-6: Baseline IL-6 levels were similar between the two groups (p=1).
At the postoperative period patients of the PIS group had significantly higher levels of

IL-6 when compared to non-PIS group (p<0.001). These levels were attenuated quite

quickly, being similar between the two groups at the 18t (p=0.43), 6th (p=0.46) and 12th
(p=0.17) after the procedure (Table 7), (Figure 7).

3.3.2 Graft material and inflammation
108 (59.3%) endografts were made of polyester, while 74 (40.7%) were from
ePTFE. Endografts made of polyester had significantly higher rates of PIS
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development when compared to endografts made from ePTFE (Polyester group: 52.7%

vs PTFE group: 10.8%, p<0.001). Inflammation as depicted from WBC count, hs-
CRP levels and IL-6 concentration was significantly higher at the postoperative period
in patients receiving an endograft made of polyester (WBC count, p<0.001; hs-CRP,

p<0.001; IL-6, p=0.009). All these inflammation markers attenuated, with no differences

observed between the two groups of different graft material at the 15t 6t and 12t month
after the procedure (Figure 8).

3.3.3 Influence on one-year outcome

3.3.3.1 Major adverse cardiovascular events (MACE)
During the first 30 days, 3 out of 117 patients (2.6%) in the non-PIS group had a
MACE, comparing with 12 out of 65 patients (18.4%) in the PIS group (p<0.001). One

patient of the PIS group died at the 20th day in the cardiac unit after a severe acute
myocardial infarction. During 1 to 12 months of follow-up period, a MACE was recorded
in 16 (8.8%) of the remaining 181 patients: 11/64 (17.2%) patients in the PIS group and
5/117 (4.3%) patients in the non-PIS group (p<0.001). In the PIS group, 3 patients died
of a cardiac-related cause (2 patients sustained a fatal acute M1 and 1 patient had severe
heart failure) on month 5, 10 and 10 following surgery respectively; 4 patients had a
nonfatal acute MI; 2 patients sustained an ischemic stroke (one fatal), while in 2 patients,
unstable angina and worsening of their cardiac status needing a cardiac intervention
was developed during the follow-up period. In the non-PIS group, 3 patients had an
AMI (one fatal), while 2 patients experienced new-onset unstable angina and worsening
of their cardiac status and underwent a cardiac intervention. Multiple logistic regression
analysis showed that the occurrence of PIS was the only independent predictor of a MACE
during the follow-up period. More specifically, patients diagnosed with PIS after the
implantation were about 4.5 times (95% CI: 1.5-13.8, p=0.007) more likely to suffer a
MACE compared to non-PIS patients.
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3.3.3.2 Adverse events

During the first 30 days, 4 out of 117 patients (3.4%) in the non-PIS group had
an adverse event, comparing with 17 out of 65 patients (26.2%) in the PIS group
(p<0.001). During 1 to 12 months of follow-up period, an AE was recorded in 18
(9.8%) of the 181 patients: 12/64 (18.8%) patients in the PIS group and 6/117 (5.1%)
patients in the non-PIS group (p<0.001). In the PIS group 11 patients suffered a MACE
and 1 patient presented with acute renal failure 10 months after the procedure. In the
non-PIS group 5 patients presented with a MACE and 1 with acute renal failure at 6
months. Multiple logistic regression analysis showed that the occurrence of PIS was the
only independent predictor of an AE during the follow-up period. More specifically,
patients diagnosed with PIS after the implantation were about 4.51 times (95% CI. 1.5-
11.7, p=0.005) more likely to suffer an AE compared to non-PIS patients.
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4 Discussion

Endovascular aneurysm repair has been proposed as a minimally invasive
alternative to conventional aneurysm resection.'*>?!® Open aneurysm repair has been
associated with elevated inflammatory biomarkers, probably as a result of the extensive
surgical trauma and the ischemia reperfusion response associated with the aortic cross
clamping.®*®*However the risk of a severe inflammatory response of the endovascular
aortic repair was thought to be lower than that of an open repair.'%*6! Recent reports
have mentioned that endovascular procedures may initiate a systemic inflammatory
response, known as post-implantation syndrome (PIS).

In our study PIS affects nearly one third of patients after EVAR for AAA.
The reported incidence of PIS in the literature varies widely from 14% to 60%,80-183.217
The lack of a universally accepted definition may account for this variation. Some authors
described PIS as the presence of fever coinciding with an elevated serum CRP level,
whereas others regard it as the presence of fever combined with a leukocytosis of different
cut off values.t’>176180-183217 This group has proposed a definition of the syndrome
according to SIRS, as PIS actually fulfills at least two of the SIRS criteria (fever and
leukocytosis).?!” In this study PIS was defined as the presence of fever (>38 °C) and
leukocytosis (>12.000/mL). However, hs-CRP values were strongly related to the
presence of PIS and also emerged as an important predictor of the 30 day outcome. Thus
hs-CRP probably expresses the intensity of the inflammatory response to endograft
deployment more consistently and reliably. It is likely that this biomarker is more
appropriate in defining PIS than WBC count and the definition of the syndrome might
be based mainly on hs-CRP values. VVodte et al.”® in their report included CRP in the PIS
definition and described PIS as fever >38 °C coinciding with an elevated serum CRP level
above 10 mg/L. In any case, a universally accepted definition is needed for use in
everyday clinical practice and for reporting standards when comparing different studies.

The cause of the inflammatory response after EVAR has not been clearly defined.
It is important to identify the primary event causing the inflammatory reaction. In open
AAA repair, a more pronounced elevated systemic inflammatory response has been

observed than in EVAR, probably due to the more significant invasiveness of the
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procedure.?!® The magnitude of this response may cover any effect of other co-factors

such as the type of the graft, although this has not been studied so far. In EVAR cases, the
amount of contrast media, the endograft material, or the amount of mural thrombus within
the aneurysm sac have all been implied as possible causative factors.1”>176-17818% The type
of anesthesia may also have a role by influencing the inflammatory cytokine response.?'® As
most of the patients worldwide are operated on under general anesthesia, to avoid any
possible bias all patients in this study were operated on under general anesthesia. In the
present study the contrast media used as well as the aneurysm’s thrombus load were
not correlated with PIS. This finding is in accordance with the recent publication of
Vodte et al.'”®

However, in the same report the authors showed that the implantation of stent grafts
based on polyester was independently associated with a stronger inflammatory
response.'”® Moulakakis et al.,'’® observing a milder inflammatory activation in patients
with a PTFE endograft, have confirmed this finding in a later report. In accordance with
these reports it was found that the use of polyester endograft independently predicted PIS
and was correlated with a greater than 10 times higher risk for an inflammatory
response. Although other endograft parameters such as the exoskeleton material (nitinol
vs. stainless steel) have not been investigated in the present study, the wide application
of these materials in cardiac and peripheral arterial stenting with no reports of a remarkable
inflammatory response show that differences in the application of nitinol among stent
grafts is unlikely to influence PIS. Based on the three studies mentioned above (450
patients overall), it is quite obvious that the polyester fabric of the endograft can
predict the occurrence of PIS in more than 50% of patients. Although the inflammatory
response, as depicted from the levels of certain biomarkers, was initially more severe in
the polyester group during the postoperative period, it became quite similar between the
two groups of different graft materials after the first month and through the 1-year
follow-up period. Nevertheless, as shown in the multivariate analysis, some other
parameters seem to influence PIS occurrence and perhaps the primary event causing the
inflammatory reaction is still unidentified and further study is therefore required.

Coagulation disturbances after EVAR occur either as a result of aneurysm sac

thrombosis or by direct platelet stimulation by the endograft material.?® A significant
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decrease in platelet count, an indirect index of platelet activation and consumption, during

the postoperative period after EVAR has been reported in many studies.}’®?* Nano et al
found that this decrease was significantly more pronounced in patients experienced P1S.%%
However, in this study the incidence of PIS was associated with a longer duration of the
procedure and a greater preoperative thrombus thickness.??2 On the contrary, in the present
study no statistical differences in PLT count between the two groups was evident at the
immediate postoperative or at the conclusion of the follow-up period. On the other hand,
elevated levels of fibrinogen, a biomarker playing a crucial role in both inflammation and
coagulation, have been reported in patients with AAA.?>®> Aho et al by comparing
hemostatic mechanisms in AAA patients after open surgery and EVAR found a
significant raise in fibrinogen levels at the third postoperative day post-EVAR.?® These
levels however diminished at the 7th postoperative day, while they returned at the baseline
levels at the 3rd month. We found that at the postoperative period fibrinogen increase
was not related to the occurrence of PIS. However PIS patients at the end of the first
year presented with significantly higher levels of fibrinogen when compared with
patients of the non-PIS group. This finding may have some clinical implication since
fibrinogen have been considered an independent risk marker for the prediction of the first
cardiovascular event.?** A larger study with more patients and events is needed to clarify
the exact value of this marker in stratifying patients according to cardiovascular risk
assessment after EVAR.

The amount of mural thrombus has also been proposed to incur a role in the
inflammatory response, as PIS initially was linked with the release of inflammatory
mediators from the aneurysm thrombus.!®-!82 Kakisis et al.'*® recently evaluated nearly
85 patients after EVAR and reported an association between new onset thrombus and
PIS. However, Voite et al.'”® by investigating the relation of PIS with new onset
thrombus formation in 136 patients after EVAR did not find any correlation. This
finding is in accordance with the results here, as there was no difference either in total
pre-operative AAA volume and pre-operative endoluminal thrombus, or in the amount
of newly formed thrombus between the two groups.

The effect of the syndrome on the outcome of the patients has not been well defined.

In most studies PIS is generally well tolerated, showing a benign course during the
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post- operative period.'”® Moulakakis et al reported no perioperative clinical adverse

events in 87 patients after EVAR without however providing any clear definition on the
events or detailed description regarding the duration of hospitalization, monitoring and
follow-up of the patients during the first month.® Nano et al by retrospectively studying
118 patients after the use of AnacondaTM endograft (Sulzer Vascutek, Bad Soden,
Germany) did not find any correlation between the presence of PIS and the occurrence
of long-term complications, though the definition of the events was too “wide” including
endoleaks, renal failure, limb thrombosis and death of any cause, while oddly only one
of the patients sustained a MACE during a 4 year follow-up period.??? In the same study
the analysis of quality of life surveys showed that patients who had PIS after surgery
felt significantly more limited in carrying out their daily physical activities and were
more emotionally discouraged and depressed/anxious about their state of health than
the group that did not have developed PIS.?%

Although most series have failed to demonstrate any connection between PIS
and postoperative complications!® 2% no study so far has focused on cardiovascular
and other adverse events, by prospectively evaluating the treated patients during the
1-year post- operative period. In many vascular centers, EVAR is considered to be
a quite simple procedure and most patients are discharged home the day after the
procedure. This could lead to non-awareness of some cardiovascular or other adverse
events that might happen during the postoperative period, as patients might be referred
to other medical specialties or even hospitals. There is some evidence that in some patients
the initial inflammatory response following EVAR is not always spontaneously
attenuated and could lead to the development of serious complications even several
days after the operation.?2 For example Chang et al.**** evaluated the effect of the
inflammatory response on post-operative renal function after endovascular repair of
thoracoabdominal aneurysms and found that the severity of the inflammation correlated
with post-operative renal dysfunction. In a previous publication by our group, five
EVAR patients and one TEVAR patient who needed re- admission during the first 30
days after the procedure due to intense SIRS were reported.?%? In the present prospective
study patients of the PIS group had significantly more adverse events during the first
month after the procedure (9.3% vs. 1.8%). The intensity of the inflammatory process,
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as shown from the post-operative values of hs-CRP and the characteristics of fever,

independently predicted the occurrence of a cardiovascular or any other adverse event
during the first month after EVAR. Based on these results, it seems reasonable that
patients who develop an excessive inflammatory response postoperatively might be
better kept under surveillance for the first post-operative month. A cut off value of hs-
CRP of 125 mg/dL in the immediate post-operative period could probably distinguish
those patients that need the extended surveillance. Such a policy could lead to early
identification of any cardiovascular or other adverse event that would then be adequately
treated.

Also, PIS was found to be the only independent predictor of a cardiovascular or
any other adverse event after the first month and during the first year of follow-up.
These findings imply that patients with PIS remain at a greater risk of suffering from
an adverse event when compared to non-PIS patients even after the first month and may
require closer surveillance during the first year. Additionally, these findings have to be
considered together with the fact that the benefit from EVAR regarding lower short-term
mortality compared to open surgical repair did not persist at the intermediate- and long-
term follow up period as both EVAR and DREAM trials have shown.'#2¢ |n fact, even
meta-analyses have shown that both EVAR and open surgical repair were associated
with similar incidences of cardiac deaths and fatal stroke rate in the long term despite
the minimal invasiveness of EVAR.??>2% |t is well known so far that inflammation could
lead to serious cardiovascular events.??” Could this inflammatory process seen after
EVAR have led to more cardiovascular events and deaths in the long term postoperative
period, and thus contributed somehow to the loss of survival benefit EVAR has shown
over open repair at 30-days? It is difficult to conclude from the findings of this study,
but for the first time there is a finding showing that EVAR through a systemic
inflammatory patient response could result in increased cardiovascular morbidity in the
long term, despite considered a minimal invasive operation.

The kinetics of several inflammatory markers during the 1-year follow-up period
is of great interest. These markers describe different aspects of the inflammatory
cascade, including products of the hepatic stimulation (hs-CRP), inflammatory stimuli

with hepatic effects (IL-6) and cellular response (WBC count).??® The alterations of
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these markers after the postoperative period has not been reported adequately so far. In

the present study, all inflammatory markers were significantly higher in the PIS group at
the postoperative period when compared to the non-PIS group. However, hs-CRP and
IL-6 were attenuated towards the values of non-PIS group at the end of the follow-up
period, while only WBC count remained different, although within the normal range.
WBC count represents a simple marker of inflammation that has been related to
prediction of future cardiovascular events in several different populations.?2%% The raise
of WBC count even within the normal range is of particular concern. A recent
retrospective study found a strong correlation between an increased preoperative WBC
within the normal range and the risk of major adverse events and death following
endovascular interventions.?®! In the present study at the end of the follow-up period
the count for both groups was within normal range with the values in the PIS group
being at the upper normal threshold. Overall, it seems that the inflammatory process
associated with the endograft implantation is attenuated after the first month and the
severity of the inflammatory activation as depicted from several inflammatory
biomarkers shows a decline towards the normal levels at the end of first year.

The results of the present study certainly raise the question about the need for
PIS- specific treatment, focusing on reducing the post-deployment inflammatory
response. Current literature provides scarce evidence and no established algorithm
concerning the type and duration of such treatment. Some authors recommended
aggressive routine use of anti- inflammatory drugs while most others prefer a more
conservative approach.818. Akin et al.*2 did not observe any clinical benefit of
prolonging antibiotic treatment beyond the day of endovascular intervention in PIS
patients. Bischoff et al.®%in a recent survey of vascular surgery departments in Germany
reported that 71% of the vascular centers treated PIS with non-steroidal anti-
inflammatory agents (NSAIDs). Motte et al published recently a prospective trial of
150 EVAR patients that were randomized to receive a single preoperative dose of
methylprednisolone or placebo.?® The inflammatory response as assessed by the
inflammatory biomarkers levels was reduced in the methylprednisolone group, though
no differences were noted in patient’s outcome between the two groups during a 3
months follow-up period. Data on postoperative use of anti-inflammatory drugs are
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absent. However, the routine administration of drugs like steroids or NSAIDs is of serious

concern because of their side effects, especially in patients with several comorbidities,
including renal failure, heart failure, or coronary artery disease.?? and therefore cannot
be easily provided.?® It is reasonable that some patients presenting with an intense
inflammatory response, leading to prolonged hospitalization or even a readmission,
might benefit from anti-inflammatory therapy. Nevertheless as it is shown from
the present study the inflammatory response is attenuated after the first month post-
EVAR and perhaps a therapeutic strategy focusing on inflammation reduction in the
long-term may not have a rational goal. The anti-inflammatory properties of statins may
be useful, though all EVAR patients including those in the present report are usually under
statin treatment at the time of operation. Based on the fact that PIS was the only
independent predictor of an adverse event during the first year after EVAR, it seems that
even a strong inflammatory stimulus at the immediate post-operative period could
probably affect the cardiovascular health of these patients at the long term. The sustained
levels of WBC count in the PIS patients towards the upper normal threshold during the 1st
year follow-up might have something to do with that.'”® Thus it seems reasonable that
therapeutic measurements might focus on PIS acute treatment or even prevention. Future
studies should emphasize on better understanding of the causes of the inflammatory
response as well as in evaluating the prompt treatment of patients with PIS with anti-
inflammatory drugs from the first post-operative day.

5 Limitations

Several limitations of this study should be considered when interpreting the
results. We admit that the sample size and the subsequent small number of
cardiovascular events and mortality and the effect of this on the statistical analysis should
be acknowledged. This was not a randomized trial, though graft selection was based
strictly on anatomical criteria and not on any characteristic of the inflammatory response.
Furthermore, the recording of detailed data on AAA anatomy such as the length or
angulation of the neck was not part of the present protocol. Although their potential effect

on PIS cannot be excluded, it was not considered that these parameters were related to
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the inflammatory response after EVAR and they have not been included in any PIS study

so far. The lack of a control group to better quantify the inflammatory response should
also be acknowledged. However, the creation of a control group with AAA patients
undergoing bilateral femoral cut down alone without graft deployment would be
unethical. Inflammatory markers were only measured on the first and third post-operative
day. Therefore, although PIS is usually evident in the first three post-operative days,
any rises in inflammatory markers occurring later may have been missed by the study
protocol. During the 1-year follow-up, the blood samples for five patients were not
obtained at some time point, though the primary end-point was recorded via phone.
Missing values represent a small proportion of the study sample (<2.5%) and therefore
could not have influenced the analysis. Despite statistical significance our results need
to be confirmed in studies with a larger number of enrolled patients. However the study
was performed prospectively in unselected consecutive patients and may therefore have

general implications for the overall EVAR population.

6 Conclusions

A systematic inflammatory response is observed in almost one third of patients after
EVAR for AAA. The type of endograft material (polyester) seems to play a significant
role in this inflammatory process. Although PIS is well tolerated in the majority of patients,
the intensity of the inflammation, as assessed mainly by post-operative hs-CRP values,
seems to correlate with the presence of a cardiovascular or any other adverse event during
the first 30 days after the procedure. The inflammatory response after EVAR is
attenuated after the first postoperative month, as showed by the kinetics of several
inflammatory biomarkers. However, PIS seems to correlate with the presence of a
cardiovascular or any other adverse event during the first year after EVAR. Further studies
should focus on whether a change in care is needed to ameliorate the higher

cardiovascular risk of PIS patients.
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Table 1. Patients’ characteristics as well intraoperative and postoperative variables,

presented according to the presence or not of the post implantation syndrome (PI1S).

Variable No PIS p
PIS (n= valu
Age [years,(range)] 72 (53-84) 74 (64-87) NS
Female/male 0/26 2/12 NS
Weight [kg, (range)] 74 (61-98) 77 (60-95) NS
ASA 11 10 (38.5%) 5 (35.7%) NS
ASA 111 16 (61.5%) 9 (64.3%) NS
Aneurysm diameter [cm, (range)] 5.5 (4.8-8.4) 5.35 (4.9-9.8) NS
Procedure duration [min, (range)] 105 (80-150)  102.5 (80-160) NS
Contrast media [ml, (range)] 260 (55-720) 240 (80-340) NS
Post-operative hospitalization [days, (range)] 3(2-7) 5.5 (5-9) 0.002

All values are expressed as medians, NS= non-significant, ASA= American

Society of Anaesthesiologists Physical Status Classification System.
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Table 2. Patients’ laboratory data presented according to the presence or not of the
post implantation syndrome. Correlation between pre- and postoperative values is also

shown in each of the two groups.

Laboratory data of patients without PIS (n=26)

Preoperatively Postoperatively p
WBC  (x10%uL) 6.7 (4.61-11.58) 8.7 (5.92-14.22) 0.001
hs-CRP (mg/l) 3.2 (1.13-14.7) 76.4 (9.9-180) 0.005
PLT (x10%/uL) 211 (109-253) 152 (75-201) 0.005
Fib (mg/dL) 426 (265-717) 483 (353-685) 0.015
IL-1  (pg/ml) 11.7 (7.76-103.3) 11.5 (8.48-93.6) 0.394
IL-6  (pg/ml) 4.6 (2.78-65.8) 13.5 (4.6-76.74) 0.102
TNF-a (pg/ml) 9.1 (7.4-53.8) 9.9 (7.02-102.48) 0.523

Laboratory data of patients with PIS (n=14)

Preoperatively Postoperatively p
WBC  (x10%uL) 7.3 (5.7-8.1) 14.6 (12.12-31.89) 0.001
hs-CRP (mg/l) 4.9 (0.87-13.9) 115 (21.4-229) 0.004
PLT  (x10%uL) 219.5 (155-313) 147.3 (112-209) 0.001
Fib (mg/dL) 492 (332-660) 564.5 (436-776) 0.014
IL-1 (pg/ml) 12.2 (10.72-254.62) 12.1 (8.62-17.72) 1
IL-6 (pg/ml) 4.9 (1.92-12.2) 98.9 (12.72-168) 0.001
TNF-a (pg/ml) 8.2 (6.84-11.26) 10.9 (8.44-18.5) 0.065

All values are expressed as medians, WBC, white blood cell count; hs-CRP, high-
sensitivity C-reactive protein; PLT, platelet count; Fib, fibrinogen; IL, interleukin;

TNF-a, tumour necrosis factor- alpha
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Table 3. Laboratory data of the study population according to the presence of post

implantation syndrome

No PIS PIS P-value
Preoperatively
WBC  (x10%uL) 6.7 (4.61-11.58) 7.3 (5.7-8.1) 0.925
hs-CRP (mg/1) 3.2 (1.13-14.7) 4.9 (0.87-13.9) 0.276
PLT  (x10%uL) 211 (109-253) 219.5 (155-313) 0.041
Fib (mg/dL) 426 (265-717) 492 (332-660) 0.217
IL-1  (pg/ml) 11.7 (7.76-103.3) 12.2 (10.72-254.62) 0.026
IL-6  (pg/ml) 4.6 (2.78-65.8) 4.9 (1.92-12.2) 0.270
TNF-a (pg/ml) 9.1 (7.4-53.8) 8.2 (6.84-11.26) 0.175
Postoperatively
WBC  (x10%uL) 8.7 (5.92-14.22) 14.6 (12.12-31.89) 0.001
hs-CRP (mg/1) 76.4 (9.9-180) 115 (21.4-229) 0.060
PLT (x10%/uL) 152 (75-201) 147.3 (112-209) 0.526
Fib (mg/dL) 483 (353-685) 564.5 (436-776) 0.035
IL-1 (pg/ml) 11.5 (8.48-93.6) 12.1 (8.62-17.72) 0.626
IL-6 (pg/ml) 13.5 (4.6-76.74) 98.9 (12.72-168) 0.000
TNF-a (pg/ml) 9.9 (7.02-102.48) 10.9 (8.44-18.5) 0.764

All values are expressed as medians, WBC, white blood cell count; hs-CRP, high-
sensitivity C-reactive protein; PLT, platelet count; Fib, fibrinogen; IL, interleukin;

TNF-a, tumour necrosis factor- alpha
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Table 4. Baseline characteristics and peri-operative clinical data of the study population.

No PIS PISN p
N=137 =77
Age, years 72+8.1 729+8 440
Male gender, n (%) 132 (96.4) 74 (96.1) 927
BMI, kg/m2 27.75 285+55 .283
AAA diameter, cm 58x 11 59+13 .558
AAA volume preop 195.4 + 178.7 204.5 £ 99.6 67
Endoluminal thrombus pre-op 104.3 £ 73.3 123.3 £ 73.7 190
Patent IMA 99 (72.3) 53 (68.8) .639
Inflammatory AAA 10 (7.3) 6 (7.8) .895
Risk factors
Hypertension, n (%) 118 (86.1) 69 (89.6) 462
CAD, n (%) 66 (47.8) 45 (58.4) 149
COPD, n (%) 58 (42.3) 42 (54.5) .086
Smoking, n (%) 82 (59.9) 47 (61) .865
CHF, n (%) 17 (12.4) 15 (19.5) 164
Diabetes mellitus, n (%) 27 (19.7) 18 (23.4) 527
Hyperlipidemia, n (%) 106 (77.4) 62 (80.5) 501
Peri-operative characteristics
WBC count pre-op ( x 103/mL) 6.6+14 7.7+1.3 101
WBC post-op (max, x 103/mL) 10+ 25 159+ 3.8 <.001
hs-CRP preop (mg/L) 3.2 (0.2-49) 4.3 (0.1-49) 374
hs-CRP post-op (max, mg/L) 88 £ 61.6 132 £ 63.3 <.001
IL-6 pre-op (pg/mL) 5.2 (3.5-9.1) 6.4 (4.5-9.2) .640
IL-6 post-op (max, pg/mL) 36.9 (21.3-66.8) 98.4 (63.6-126.8)| <.001
PLT pre-op 196.8 + 51.5 2175 £ 53.9 .006
PLT post-op (max) 1514+ 54 149.7 + 49.9 0.834
Duration of operation (min) 108 + 49.2 112.9 + 53 521
Media contrast (mL) 151.6 +£ 88.4 149 £ 111.3 .852
Radiation Burden (mGym?2) 2.1 (0.75-312) 2.1 (0.89-15.7) 351
Radiation time (min) 21 £16.2 232+ 152 .318
ICU stay (days) 0 (0-5) 0 (0-7) .008
Temperature maximum (°C) 37.8+.7 38.6+0.5 <.001
Temperature duration (days) 0.78 £0.3 28+13 <.001
Days of stay (days) 3 (2-29) 6 (3-26) <.001
Accessory renal artery covered 5 (3.6) 3(3.9) .954
Newly formed thrombus at first month 64.6 £ 119.7 545 + 59 .620

BMI = body mass index; AAA =abdominal aortic aneurysm; IMA = inferior

mesenteric artery; CAD = coronary artery disease; COPD = chronic obstructive

pulmonarydisease; CHF =congestive heart failure; hs-CRP: high sensitivity C

reactive protein; IL- 6 = interleukin 6; PLT = platelets




Table 5. The stent grafts deployed in the two groups.

Endurant
Excluder

Anaconda
Zenith
Powerlink
Aorfix

Total
N=214

108

73

No PIS
n=137

52

O B O DN

PIS
n=77

56

_ O = O



Table 6. Baseline characteristics and perioperative clinical data of the study population

Age, years

Male gender, n

(%) BMI, kg/m?

AAA maximum diameter, cm

Risk factors
Hypertension, n

(%) CAD, n (%)
COPD, n (%)

Smoking, n

(%) CHF, n

(%)

Diabetes mellitus, n (%)
Hyperlipidemia, n (%)

Procedure characteristics
Duration, minutes
Contrast media,

ml Radiation,

mGy

Days of in-hospital

stay ICU stay, days

PIS characteristics

Temperature maximum (OC)
Temperature duration (days)

74

no PIS
PIS n=6
72.2+7.8 72.9+7.8
112 (95.7) 62 (95.4)
28+4.9 28.5+5.5
5.8+1 5.9+1.2
111 (94.8) 60 (92.3)
57 (48.7) 39 (60)
52 (44.4) 39 (60)
74 (63.2) 43 (66.2)
18 (15.4) 17 (26.2)
24 (20.5) 15 (23.1)
97 (82.9) 53 (81.2)
111.2449.4 115.3£52.6
166.3+88.4 159.4+£116.5
79.9 (67.1- 86.4 (67.5-141)
116.5) 6 (5-7)
3 (3-4.5) 0.5+1.3
0.2+0.63
38.5+0.4
37.7£0.7 2.7£1.3
0.7x14 16+3.9
10.1£2.6 125 (96-181)

0.561
0.592
0.549
0.546

0.347
0.144
0.07
0.411
0.08
0.686
0.483

0.599
0.656
0.884
<0.001
0.02

<0.001
<0.001
<0.001
<0.001

BMI: body mass index, AAA: abdominal aortic aneurysm, CAD: coronary

artery disease, COPD: chronic obstructive pulmonary disease, CHF:

congestive heart failure, hs-CRP: high sensitivity C reactive protein, IL-6:



75

Table 7. Biomarkers according to PIS arms

Preoperative
Postoperative
1st month
6th month
12th month

Preoperative
Postoperative
1st month
6th month
12th month

Preoperative
Postoperative
1st month
6th month
12th month

WBC count (x10°/mL)

non-PIS
6.6+1.5
10.1+2.6
7.5+1.6
7.1+1.4
6.9+1.6

non-PIS
417+109.4
555+184.2
513+144.1
413+107.2
371+106.1

non-PIS
5.2 (3.5-9.1)

36.7 (21.7-66.5)
22.4 (7.1-54.9)

10 (5.5-35.2)
8 (4.6-22.9)

PIS
7.7x1.4
15.9+3.9
9+2.1
8.2+1.5
8+1.5
Fibrinogen (mg/dL)

PIS
442+116.7
620+178.8
528+162.3
438+138.9
449+137.1

IL-6 (pg/mL)
PIS
6.4 (4.6-9)
98.5 (66.9-126.9)
22.8 (7.9-71.2)
27.4 (71.5-68.9)
21.7 (6.2-64.5)

p*
0.102
<0.001
<0.001
0.01
0.02

p*
0.98
0.12
0.99
0.96

0.006

p*

1
<0.001
0.43
0.46
0.17

PLT count (x10°/mL )

non-PIS PIS
207.1+58.9 225.4+54.2
151.4+52.4 149.7+49.9
226.6+68.1 271.3+98.2
204456 228.4+58.9
205.7+63.6 214.8+52.8
hs-CRP (mg/L)
non-PIS PIS
3.2 (1.6-5.7) 4.6 (2.3-9.5)
76.4 (41.3-122.5) 125 (96.2-182)
4.8 (2.6-9.8) 12.5 (5.7-26.1)
3 (1-4.7) 4.4 (2.4-7.4)
2.1 (1-3.9) 2.9 (1.6-9)

p*
0.65
1
<0.001
0.22
0.99

p*

1
<0.001
0.04
0.99
0.99

Values are expressed as mean + SD, except for non-normally distributed parameters, which are

shown as median (interquartile range). p* value refers to between group analysis
PIS: post implantation syndrome, WBC: white blood cell, PLT: platelets, hs-CRP: high

sensitivity C reactive protein, IL: interleukin
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Figure 1. Differences in A. platelet counts, B. serum high-sensitivity C-reactive protein,
and C. interleukin-6 plasma levels, between patients with and without PIS. All numbers

in y-axis represent difference values.
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Figure 2. Impact of PIS on the length of post-operative hospitalization
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Figure 3. (A) The relation between the different endografts deployed and the occurrence
of post-implantation syndrome (PIS). (B) The material the endografts made and its

relation to PIS.
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Figure 4. Scatterplot showing (A) total abdominal aortic aneurysm volume in the
two groups, (B) the volume of thrombus pre-operatively, and (C) the newly formed

thrombus after the first post-operative month.
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Figure 5. Major adverse cardiac event (MACE) plot of receiver operating
characteristic (ROC) curve for high sensitivity C-reactive protein (hs-CRP) measured

post-operatively, as well as for fever duration. Diagonal segments are produced by

ties.
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Figure 6. Adverse event plot of receiver operating characteristic (ROC) curve for
high sensitivity C-reactive protein (hs-CRP) measured post-operatively, as well as

maximum post-operative temperature. Diagonal segments are produced by ties.
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Figure 7. Graphical representation of the mean measures of white blood cell count (WBC), platelets (PLT) count, fibrinogen and
median values of hs-CRP and IL-6.
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Figure 8. Graphical representation of the mean measures of white blood cell count (WBC) and median values of hs-CRP and

IL-6 according to different endograft material.
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7 Abstract

Objectives. Endovascular procedures have been proposed as minimally invasive alternative
treatment to conventional open surgical repair, allowing safe and effective aortic aneurysm
repair. It has been shown to reduce mortality (at least in the early phase), morbidity, time of
hospital stay and overall health care cost. Despite these potential benefits, it has been
demonstrated that the Endovascular aneurysm repair (EVAR), may elicit an unexpected
systemic inflammatory response, which has been named post implantation syndrome
(P1S).The main features of PIS include continuous pyrexia (even under antibiotic therapy)
and negative culture results, leukocytosis and/or coagulation disturbances. The incidence of
the syndrome has been reported to vary widely, from 3 to 70 per cent. It seems that PIS
displays clinical features of systemic inflammatory response syndrome (SIRS), fulfilling
two out of four criteria according to the definition of SIRS, fever and leukocytosis. The
impact of post-implantation syndrome (PIS) on the outcome of patients after elective
endovascular aneurysm repair (EVAR) is still unknown. The aim was to prospectively
investigate the association of post implantation syndrome (PIS) with the clinical outcome
during the first 30 days and during the first year after EVAR for abdominal aortic aneurysm
(AAA) and to assess the evolution of the inflammatory response as outlined from specific

inflammatory markers.

Methods. From May 2007 to July 2008, 40 consecutive patients undergoing elective EVAR
in our department were enrolled in a pilot study to prospectively evaluate whether EVAR is
associated with PIS as well as the relationship of clinical and biochemical relation of PIS
with several acute phase inflammation markers. The impact of PIS on the length of
hospitalization and its correlation with procedure parameters, such as the aneurysm diameter
and the type of endograft deployed were also examined. Blood test were obtained 24 hours
prior to, and after the surgery and several inflammation markers were evaluated, such as
white blood cells (WBC), platelets counts (PLT), high sensitivity C-reactive protein ( hs-
CRP), interleukin-1 plasma levels (IL-1), IL-6 plasma levels (IL-6) and tumor necrosis
factor alpha (TNF-a).

Subsequently, based on the preliminary data from our pilot study on PIS, from



86
January 2010 till June 2013, we designed a prospective study by including 214 consecutive

patients treated electively by EVAR for AAA with a follow up duration of one year.
Demographics, risk factors, pre- and post-operative medication, maximum aneurysm
diameter, contrast media used, duration of the procedure, type of endograft, the occurrence
of PIS, maximum temperature, peri-operative complications, and duration of hospital stay
were recorded for each patient. Aneurysm volume and the amount of newly formed
thrombus was also calculated.

Adverse events included any major cardiovascular event (MACE), acute renal
failure, readmission and death of any cause were recorded. MACE was defined as a
composite of death from cardiac causes, nonfatal acute myocardial infarction (ST and non-
ST), worsening of cardiac status needing intervention, ischemic stroke and transient
ischemic attack (TIA). Venous blood was collected preoperatively, at day 1 and 3
postoperatively, at the 1st, 6th and 12th month after the procedure. The same inflammation
markers with our pilot study were determined, except IL-1and TNF-a, that was found to
have non-significant changes. No patient was lost during the 30-day follow up. In contrast,
only the data of 182 patents where available for the one year follow up. PIS was defined

according to SIRS criteria.

Results.

In the preliminary data from the pilot study, 14 patients (35%) out of 40
developed PIS. There were no significant differences in laboratory data between PIS and no
PIS groups preoperatively, while postoperatively there was a pronounced significant
increase in WBC count and IL-6 values in the PIS group of patients. The decrease in PLT
count was greater in the PIS group compared with the non-PIS group (median difference
value 70 vs. 49, P= 0.005) and the increase in hs-CRP was also greater in the same group
(median difference value 110.46 vs. 71.93, P=0.002). The incidence of PIS according to the
type of the graft deployed was 6/16 (37.5%) for the Talent (polyester) group, 5/5 (100%)
for the Anaconda (polyester) group and 1/2 (50%) for the Zenith (polyester) group compared
with 2/17 (11.7%) for the Excluder (ePTFE) group (x>=15.03, P=0.002). Postoperative
hospitalization was significantly prolonged in the PIS group compared to PIS-free group

[median value, (range) 5.5 (5-9) vs. 3 (2-7) days, P=0.002]. There was not any significant
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correlation of PIS with the patient’s age, the maximum diameter of the aneurysm, the

amount of contrast media used, and the duration of the operation.

During the first 30 days, PIS was found in 77 (34%) out of 214 patients. Pre-
operative white blood cell (WBC) count values (p < .001), endograft material (polyester) (p
< .001), and heart failure (p = .03) were independent predictors of PIS. For every 1,000
units increase in pre-operative WBC count the chance of PIS increased by 95.5% (95%
Cl1 50-255%). The use of polyester raised (95% CI 5, 3-29, 5 times) the possibility of PIS
12 times compared with the use of ePTFE. Patients suffering from heart failure were three
times (95% CI: 1.1-8.5 times) more likely to have PIS than those who did not. Mean post-
operative temperature (p < .001), length of hospital (p <.001) and intensive care unit (p =
.008) stay, as well as maximum post-operative WBC count (p < .001) and hs-CRP values
(p < .001) were significantly higher in the PIS group.

Also, during the first 30 days, three of 137 patients (2.2%) in the non-PIS group
had MACE, compared with 13 out of 77 patients (16.8%) in the PIS group (p <.001). Post-
operative hs-CRP (p <0.001), the presence of coronary artery disease (p = 0.01) and
duration of fever (p = 0.02) independently predicted the occurrence of MACE during the
first 30 days. Specifically, for every 10 unit increase in hs-CRP the chance for MACE
increased by 15% (95% CI: 6-24%, p=0.001). Also, for every additional day of fever after
the first one, the chance of MACE increased by 67.9% (95% CI: 9.8-260%, p=0.017).
Patients with CAD were 7.9 times (95% CI: 1.6-38.6 times, p=0.011) more likely to sustain
a MACE. In addition to, the threshold of post-operative hs-CRP value of 125 mg/L was
highly associated with the occurrence of MACE, with a sensitivity of 82% and specificity
of 75%.

Moreover, during the first 30 days, four of 137 patients (2.9%) in the non-PIS group
had an adverse event, compared with 20 of 77 patients (25.9%) in the PIS group (p <.001).
Hs-CRP post-operative values (p =.004), post-implantation syndrome (p = .01), maximum
temperature (p = .03), and history of smoking (p = .02) were independent predictors of an
adverse event during the first 30 days after the procedure. Specifically, for every 10 units
rise in hs-CRP the chance of an adverse event increased by 12% (95% CI: 4-19%, p=0.004).
Patients diagnosed with PIS after implantation were about five times (95% CI 1.5- 17.6,

p =.011) more likely to suffer an adverse event than non-PIS patients. For every 1 degree
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raise in max temperature, the chance of an adverse event increased 3.1 times (95% ClI: 1.15

-8.5 times higher, p=0.03), while smokers were about 4.3 times (95% CI 1.25-15.1, p =
.02) more likely than non-smokers.

At the 1-year follow-up in 65 (35.7%) out of 182 patients developed PIS. Hs-CRP
(p=0.99) and IL-6 (p=0.17) were attenuated towards the values of non-PIS group, while
WBC count (p=0.02) remained higher in the PIS group though within the normal range.
Concentration of fibrinogen did not differ significantly between the two groups at baseline
(p=0.98), postoperatively (p=0.12) and at the first (p=0.99) and sixth (p=0.96) month
after the procedure. Though, patients of the PIS group had significantly higher levels of
fibrinogen at the first year when compared to patients of the non-PIS group (p=0.006).
On the PIS group platelet count levels was higher at the first month after the procedure
(p<0.001). However no significant difference was evident at 6 (p=0.22) and 12 (p=0.99)
months between the two groups. During the 1-year follow-up period 17.2% and 18.8% of
patients in the PIS group suffered a MACE or an adverse event respectively, in comparison
to 4.3% and 5.1% in the non-PIS group. The occurrence of PIS was the only independent
predictor of a MACE (p=0.007) or an adverse event (p=0.005) during this one year period.
More specifically, patients diagnosed with PIS after the implantation were about 4.5 times
(95% CI: 1.5-13.8, p=0.007) more likely to suffer a MACE compared to non-PIS patients
and about 4.51 times (95% CI: 1.5-11.7, p=0.005) more likely to suffer an AE compared to

non-PIS patients.

Conclusion: A systematic inflammatory response is observed in a significant number of
patients after EVAR. The type of endograft material seems to play a significant role in this
inflammatory process. The intensity of inflammation, as assessed mainly by the post-
operative hs-CRP values, correlates with the presence of a cardiovascular or any other
adverse event during the first 30 days after the procedure. After the first postoperative
month, the inflammatory response is attenuated as showed by the kinetics of several
inflammatory biomarkers. However, PIS seems to correlate with the presence of a
cardiovascular or any other adverse event during the first year after EVAR. Further studies
should focus on whether a change in care is needed to ameliorate the higher cardiovascular

risk of PIS patients.
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8 Ilepiinyn

Ykomog: H eviayyelokn avTILETOMTION TOL AVEVPVGUATOS KOIAMOKNG 0LOPTNG OMOTEAEL ol
eMyrota emepPotikny Oepameion eVOALOKTIK Oomd TNV KAOOGIKI OVOIKTH YEPOVPYIKN
OVTILETMOMION , 7OV EMITPEMEL TNV OCQPOAN KOl OTOTEAEGUOTIKY OTOKOTACTACY] TOV
aopTIKAV avevpuoudtov. H  evdayysiokr Ogpamelo  peldVEL TN  TEPLEYYEPNTIKN
Bvnowdmta Ko BvntdétnTa Ko T SIpKEL TOPOUOVIG TOL aoBEVOVS GTO VOGOKOUETD.
[Mapora 1o Cotikng onuociog o@éAn Tovg, €xer mapoatnpndel O6tL M evdayyslokn
OTOKOTAGTAOT] OVEVPLCUATOV UTOPEL VO TUPOOOTHCEL WO OVOTAVIEYN OCULGTILOTIKN
QAEYLOVAOOM OVTIOPOOT] TOL OPYOVIGHOV, 1 omoio €xel ovopactel cOVOPOHO HETE TNV
EUPVTELOT evoayyelaKoL pooyevuatog (XEEM). Ta kbpla yopoakInpioTikd T0v GuVOPOLOV
TEPIAOUPEVOVY TUPETO, AEVKOKLTTAP®GN KOUT S10TOPOYES OTNV TNKTIKOTNTO TOL OHLOTOG
ne apvnTikég apokarlépyetec. H emintwon tov cuvopoov mowkidel opkeTd Kot KopaiveTol
ano 3% ewng 70%. @aivetanr mwg 10 XEEM egupavilel khvikd ototyeio tov XOvopopo
CLOTNUATIKNG PAEYHOVOSOoVE amdvinong (SIRS), ekmAnpdvovtag dV0 Omd TO TEGCOEPQ,
KpLTNp1d Tov, Tov THPETO Ko TN AevkokvTtdpwon. H enintwon tov ZEEM avagopikd e
mv ékPaocn Tov acevov, PeTd amd TV evoayysloky onokatdotoons AKA, sivor akdpa
dyvootn. Z10x0g TG TapoHoos EPYACINS ATOTEAECE 1) TPOOTTIKN peAéTn Tov XEEM ko n
OLGYETION TOL GLVOPOUOV UE TNV KAWVIKY ékPaoTn Tov achevodv koTd Tn OdpKEWL TOV
mpdTOV €Ttovg peTd NV emépuPoon. EmmpocHeta, Ba diepevvnbel m e£EMEN g
QAEYLOVAOOOVS avTidopaong HeTd v eméuPfocn OT®MG AT ATOTVTMVETOL OO ELOKOVG
OelKTES PAEYHOVIG.

Me0oodoroyia: And to Mdawo tov 2007 €wg ko tov IodAo tov 2008, 40 cuveyduevol
acBevelc mov vroPANONKOV O EKAEKTIKN €VOAYYELOKT OMOKATAGTACT) OVEVPVGLOTOS
KOUMOKNG 0OPTNG OTO TUNUO HOG CLUUTEPIANEONKOY GE W10 TAOTIKY] TPOOTTIKY UEAETN
TPOKEEVOL Vo aEloAoynOel 1o Katd TOGOV o1 eVONyYElOKEG TEXVIKES oyeTilovTal pe TV
eupavion tov cuvopopov XEEM kabd¢ kat T GLGYETION TOV KAWVIKOV Kot Bloynukdv
nmopapétpov tov XEEM pe didpopovg deikteg g ofeiag @dong g eAeypovns. Emiong
eEetdotnke 1 enintwon tov XEEM oty didpketo g voonAeiog Kabdg Kot 11 GLGYETION
TOV pHE O1POPOVS OVOTOUIKOVG KOl TEPIEYXEPNTIKOVG TAPAYOVTES. Agiypoto oipotog

eMebnoav 24 dpeg TPV KoL KOTA TV TPMTY UETEYYEPNTIKN NUéEPa. AgikTeg QAEYHOVIG
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oV a&toAoynnkay NTav To AEVKE opoGPaipta, To OUOTETAALN, | VYNANG evansOnaciog C-

avVTIOPMOGO TPMTEIVN KaBDS Kot T eminedo Kamowwv povokvtrapokwvav (IL-1, 11-6, TNF-
a).
> ovvéyela, £xovtag otn O0dbeon pog kdmolo omd To ATOTEAECUATO OO TNV
mAoTik] peAétn 214 acBeveic mov voPAnOnkov oe evdayyelokn anokotdotacn AKA og
TOKTIKT BAoT, COUTEPIAMNEONKOY GE [0 TPOOMTIKY UEAETN UE TOpokoAovOnon TV
acBevov €wg éva ypdvo. Kataypdonkav oavorlvtikd oe kdbe acBevi) tor onpOypopikd
oTolyEl, 01 TOPOHVTEG KIVOLUVOUL, 1] POPLOKEVTIKT TOV OyMYY| TPV Kol LETE TO YEPOLPYELD, M
LEYIOTN OLAUETPOS TOV OVEVLPVGUATOS, TO TOGO TOV GKLOYPOPLKOD OV YPNCLOTOMmONnKE, 1
enpdvion M Oyt tov XEEM, n péytotn i kot Stdpkel Tov moupetod kabmg Kot ot
mEPLEYYEPNTIKEG emumAokég pall pe v odpkela voonieiag. Emiong vmoAoyiotnke o
GUVOAIKOC OYKOG KOOGS Kat 0 veooynpatiodeic Opopfoc tov avevpvouatog oe Kabe acbevn.
Y1g avemBounteg exPaocelg ovumepiappdvovtor to  peilova Kopdayyslokd
ocuoppdpata (MKE), n oéela veppikn avemdpKeld, 1 EMAVEICOY®OY TOL 0.6OEVOVG GTO
voookopeio katl TéAog, 0 Bdvatoc amd omowadnmote ortio. Q¢ MKXE opictnke o Odvatog
amd Kopdlakd aitia, ta un Bavarnedpa o&H epepdypoto tov pvokopdiov (ST kot hon-
ST), emdeivmon ¢ KapSOKNEG AELTOVPYIOG TOV VA YPELICTNKE TAPEUPACT], 1OYOLUIKO
EYKEPOAMKO €MEIGO010 Kol Tapodkd toyotpikd emelcodo (TIA). Aelypoto aipatog
eMoebnoav mpoeyxepnTkd, v 1" kot v 3" peteyyeipntikn nuépa kabmg kat tov 1°,
Tov 6° ko tov 12° peteyyelpntikd pva. ASlodoynOnkav ot 10101 SEIKTEG PAEYLOVIC TTOV
HeETPNONKOV Kol 6T TAOTIKN Mg peAétn pe e€aipeon tov povokvttapokvev 1L-1 kot
TNF-a, ooy elyav Bpebel va punv €xovv onuavtiky] mpoyvemotiky a&io oty apyikn
mAoTiky] perétn. Orot ov acbevelg mpoonABav yia emavéreyyo ot 30 nuépeg. 182
acBevelc, oAokANpwGAV TV TOpaKoAovONGoN otov éva ypdvo petd v enépPoomn. To
YEEM mpoocdiopiotnke CGOUQOVO [E TO KPUITHPLWL TOL GLVOPOUOVL GULGTNHOTIKNG

eAeypovodovg avtidpaong (SIRS).

Amoteiéopata
Ao 1o amoteréopata TG TAOTIKIG perétng, 14 (35%) and tovg cuvorwkd 40
acBeveic eppdvicov XEEM. Ag domotodnkoy onuaviikég O1popeg 0TI TPOEYXELPNTIKES

EPYUOTNPLOKEG TIUEG HETAED TV ACHEVOV TOV EULPAVICOV KOl OVTOV TOV OEV EUPAVIGAY
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YEEM, evo peteyxelpntikd Bpébnke oTaTIioTIKG SNUOVTIKY aOENOT) TOV TILOV TOV AEVKOV

apocpatpiov (WBC) «kor tg wreprevkivng-6 (IL-6). Emiong, peteyyepnrikd,
SO TOONKE TOC 1 LEIWON TOV TIUOV TOV APOTETAAIWV ( O1apopd dtdpeong tiung 70 vs
49, P=0,005) ka1 n avénon tov Tindv g vynAng svaodnciog C-aviidpooa tpwteivn (
dtapopd didpeong tiung 110,46 vs 71,93, p=0,005) ftav 6ToTioTIKd oNUOVTIKOTEPT GTNV
ouada mov gpedvice XEEM ocvykpitikd pe v opddo mov dev eupavice TEEM. H
ovyvotnta euedviong tov XEEM avdioyo pe TtOvV TOUTO TOL HOGYEVUOTOS TOV
ypnoomomdnke frav 6/16 (37,5%) otnv opdda mov ypnoporombnke poéoyevpo Talent
(mohveotépag), 5/5 (100%) ommv oudda mov ypnoyomombnke podécyevua Anaconda
(moAiveotépag) ot 1/2 (50%) ommv opddo mov ypnoipwomodnke pocysvpo Zenith
(molveotépag), evd otV oudda  mov  ypnowomombnke podoyevua  Excluder
(molvteTpagprovpoatBvrévio) povo 2/17 (11,7%) eppdvicoy TEEM (x? = 15.03, p = 0.002).
H dubprela peteyyelpnTiking VOonAEiag NTav SNUOVTIKG HEYOADTEPY] OTNV OUAOO TTOV
enpavice XEEM ce o0ykpion pe v A opdda [diapeon tiun 5,5 vs 3 nuépeg, p = 0,002].
Agv vmpye oTATIOTIKA onuavTiky cvoyétion tov ZEEM pe v nlikia tov ac0gvovg, v
HEYIOTN OWIUETPO TOV OVEVPVGHOTOS, TNV GLVOAIKY TOCOTNTO OKLOYPOPIKOD 7TOL
¥pNoLoTomOnke Kabdg kot tnv didpkelo TG EXEPPaog.

Kopw wpoonttikn perétn/ mopokorovdnong tov 30 nuépwv. 77 and tovg 214
acBeveic (34%) exonlwoov ZEEM. Ot poeyxelpnTikéc TIHEG TV AEVKOV OLILOCPULPimV
(WBC) (p <0.001), t0o vAkoé (morveoTtépag) Tov gvdoayyslakoy pooyeduatog (p <0.001),
Kot 1 mopovoio kapdiakng averdpkelog (P = 0.03) frav aveEdptnTtol TPOyVOGTIKOL
mopdyovieg yio 10 XEEM. Zvuykekpiuéva, yio kdbe ovénomn xotd 1000 povadov g
TPOEYYEPNTIKNG TIUNG TOV AEVKOV aiploc@oipiov avédvel 1 mBavotnTa EPeAviong Tov
YEEM «atd 95,5% (95% CI: 50-255%, p<0.001). H yprion HooyedUaTOg 0md TOAVESTEPQL
avéavel v mlavota gpedviong ZEEM katd 12 opéc cuykpiikd pe v ypfion tov
ePTFE pooyevpdtov. Eniong o1 maoyovieg amd kapdlaKy] avemapkelo lyav TPES QOPES
peyoAvtepn mhavotnta va eppavicoov TEEM omd tovg un maoyovies. H péom
ueteyyxepntikn Oeppoxpacio (p<0.001), n ocvvolikn dwdpkewa voonieiog (p<0.001), n
ddpkela voonheiag ot povada evratikng Bepameiog (p = 0.008) xabdg ko n péyrot
ueteyxepntikn tun tov WBC (p<0.001) ko hs-CRP (p <0.001) frtav onpovticd

VYNAGTEPO GTNV opdda Twv acBevav pe XEEM.



92
pnva, oty opada mov oev eppdvicav ZEEM tpia

101)

Emiong, katd Vv d1dpKeia Tov
amo toug 137 acbeveig (2,2%) exkdimoav MKXE cuykpitikd pe 13 amd toug 77 acbeveig g
opdodag mov gpedvice XEEM (p<0,001).01 peteyyeypntikég Tyég g hs-CRP (p< 0.001), n
nmopovoia otepaviaiog vooov (P=0.01) ko 1 didpkela Tov Topetov (p = 0.02), amotéhecav
avegapTNTONS MPOYVAOOTIKOVG TAPAYOVIES YL TNV eUeAvion peilova  Kopolokmv
ocuppapdtov Katd tn ddpkela tov tpodtov 30 nuepav. Ewdwodtepa, yio kdbe avénon 10
Hovadmv g Tung g peteyyepntikng hs-CRP 1 mbavotnto exdniwong MKE avEdvet
Kotd 15% (95% CI: 6-24%, p=0.001). Eniong, ywa kd0e tpochetn nuépa eumvpetov népov
™g pag nuépag, n mhavotnta epepdviong MKX avéavetl katd 67.9% (95% CI: 9.8-260%,
p=0.017). Ov acBeveig pe otepaviaio voco eiyav 7.9 gopéc (95% CI: 1.6-38.6 @opeg,
p=0.011) peyardtepn mbavotTa vo ekdnidcovy MKE. EmmAéov, n peteyyelpntikn tiun
hs-CRP ion pe 125 mg/L oyetiletan o onuavtikd Pabud pe v eupdvion MKZ,
napovcidlovrog evotcOnoia 82% kar edtkdTTO 75%.

EmumAéov, katd tov TpmdTo peteyyelpntikd unva, 4 and toug 137 acbeveig (2.9%) mov
dev gupavicav ZEEM eglyav kdmowo avemBount ékfaon cvykprrika pe 20 amd tovg 77
acBeveic (25.9%) g opddag mov gpepavicay ZEEM (p<0.001). Ot peteyyeipntucég Tipes e
hs-CRP (p=0.004), n mapovcio tov X.E.EM (p = 0.01), n péyiot Beppokpacio (p = 0.03)
Kot T0 1otopkd kamviopatog (p=0.002) omotélecav aveEApTNTOVS TPOYVAOGTIKOVS
TOPAYOVTEG Y10 TV EUPAVIOT avemBOuntov exfdoewv Katd ™ dapkeln Tov tpotov 30
nuepdv petd v enépPaon. Ewdwodtepa, yuo kabe avénon 10 povéddwv g TG g
ueteyyepntiknig hs-CRP 1 mbavotta exdniwong avembounmg ékfaong avdvel katd
12% (95% CI: 4-19%, p=0.004) evd ot acbeveic mov eppavicav XEEM, eiyav nepinov névte
Qopég peyoAdtepn mbavotnta vo gpgovicovv ovembountn éxPaom. Emiong, v xdbe
avénon 1°C amd v péyio Beppokpacio, n TOAVOTNTO EPEEVIONC avemOOUNTNG £KPaonc
av&averat kotd 3.1 eopéc (95% Cl: 1,15 -8,5, p=0.03), evd o10vg KOTTVIGTEG 1) TOAVOTNTA
av&daveror kotd 4.3 eopéc (95% Cl 1.25-15.1, p = 0.02) cuykpitikd e TOVG UN-KATVIGTEG.

Kotd ™ owdpkera g mapakorovdnoeng evog étovg 65 and toug 182 acbeveig
(35.7%) exdoniwoav TEEM. Ot tuéc tov hs-CRP (p = 0.99) ko IL-6 (p = 0.17) tov
acBevaov pe X.E.EM ftav mapopoteg pe v opdda yopic X.E.EM, evod ot Tipég tov
WBC (p = 0.02) mapépevav vyniotepeg oty opdda acbevov mov gupavicav X.E.E.M,

av Kot €VIOC TV QUGOAOYIKGV opimv. H cvykévipmon tov tvwdoydvov dev di€pepe
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ONUOVTIKA HETOED TV dV0 opadmv mpoeyyepntika (P = 0.98), peteyyepntkd (p = 0.12),

kot otov 1° (p = 0.99) kat tov 6° (p = 0,96) uiva petd ™ enéuPoon. Qotdco, ot acheveig
™G opddag mov eppavicav XEEM giyav otatiotikd onuoviikd vynAdtepa emimeda Tov
wmdooyoévov tov 12° uiva og cvykplon pe Tovg achevelc TG opddos mov OV EpPAvVIcaY
YEEM (p = 0.006). Zyetikd pe to emimeda Tov ap@pod TV OUOTETOAM®Y , VO NTOV
VYNAGTEPQ KATA TOV TPDTO UAVA LETE TNV eMéPPacn otnv opdda mov epupdvice ZEEM (p
<0,001), kapio onuavtikn dapopa frav epeavig otov 6° (p =0.22) ko tov 12° (p =0,99)
uva LeTacy TV 0Vo opddmy. Katd tn didpkela g mapakoAovdnong 6to mpmto £T0G,
17,2% xon 18,8% twv acBevov mov gupdavicav X.E.E.M moapovciacav kdmoio MK kot
dAAec avemBounteg exPdoeic avtiototya, oe cvykpilon pe 4,3% ko 5,1% tov acbevdv mov
oev eppdvice X.EEM. H mopovcic tov XE.EM nrav o povog avedptmrog
TPOYVMOTIKOG Ogiktng mov ovvéPare otnv eugdvion MKE (p = 0.007) v «dmoiog
avemBountg éxPacng (p = 0.005) katd ™ OGpKel NG TEPLOOOL TOL €VOG ETOVG
nopakorovnone. Xvykekpéva, acbeveig mov odayvoomnkav pe XEEM petd v
enéuPaon eiyav nepimov 4,5 popég (95% ClI: 1.5-13.8, p=0.007) peyardtepn mbavotnto vo
napovoidoovy MKE «kar 4.51% (95% CI: 1.5-11.7, p=0.005) avénuévn mbavotmro va

TOPOVGIAGOVY AVETIBOUNTEG EKPAGELG CLYKPLTIKG e TOVG aoBevelg ympic XEEM.

Yvpmépoopa: Metd v evdayyelokn omokatdotaon AKA, p  ovotnpotikn
QAEYLOVOONG ovTidopaon mapotnpeitar oto évo tpito Tv oacBevav. To &idog tov
EVOYYELKOD HOGYEVIOTOS POIVETOL VO, CLGYETICETO CNUAVTIKA GE AT TN PAEYLOVAON
avtiopaon. H éviaon g @Aeypovddovg amdvinomng, Ommg exktipudtor pe Pdon Tig
ueteyyxepntikéc tég hs-CRP, ovoyetiletan pe v egpeavioy MKXE 1 omotovdnmote
avemBountov cupPapatog katd tn dtdpkeln TV TpdTov 30 NuepdV HeTd TV enépPaon.
Metd tov TPOTO UETEYYEPNTIKO HNVO 1 QAEYHOVAOING oamokplon &Eacbevel, Ommg
ATOOEIKVOETAL OO TN KIVITIKOTNTO TOV S0PpOPOV QPAEYLOVOOIDV Blodeiktdv. Qo1dc0, TO
YEEM. oeaivetan vo cvoyetileton pe v guedvion MKE 11 omotovdnmote avemiBountov
oLUPAUOTOC KATA TN SUIPKELD TOV TPAOTOL £TOVG UETA TNV EVOAYYEWOKY OTOKOTAGTOON
AKA. Ot véeg peréteg o mpémet vo Siepeuvioovy edv amotteiton KAmolo aAlayr] ot
OepamevTIKy] OVTILETOTION TOV acfevdv Yia va peltmbel o Kapdtoyyelokog Kivouvog Tov

acBevov mov epepaviCovv XEEM.
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Abstract

Objective: To present the consequences and the need for readmission due to a vigorous inflammatory response in six patients who
underwent endovascular repair of aortic aneurysms and developed post-implantation syndrome (PIS), during the postoperative period.
Methods: From January 2007 to December 2009, 162 patients underwent endovascular repair of an aortic aneurysm. PIS was recorded in
49 patients. Among these, we present six patients who developed a systemic inflammatory response syndrome (SIRS) after discharge from
hospital, which led to readmission within the first 30 postoperative days. Results: Five patients were treated for asymptomatic infrarenal
abdominal aortic aneurysm and one for a thoracic one. All patients were discharged from hospital in the absence of any complications,
fever or leukocytosis, but several days later they developed features of SIRS leading to readmission, even to the intensive care unit in two
of them. After the administration of anti-inflammatory drugs all patients showed a complete recovery and finally left hospital several days
later. Conclusions: In some patients, the initial inflammatory response following endovascular aortic aneurysm repair is not always
spontaneously attenuated and could lead to the development of SIRS even several days after the operation. It seems reasonable that
patients developing PIS after endovascular aneurysm repair might be better kept under surveillance for the first postoperative month.
© 2010 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.

Keywords: Aortic aneurysm; Endovascular repair; Post-implantation syndrome; Systemic Y respo i
1. Introduction postoperative period after endovascular aneurysm repair
(EVAR) [6, 9-11]. The excessive inflammatory response
Endovascular procedures have been proposed as minimally raises concerns of inducing postoperative morbidity, espe-
invasive alternative treatment, allowing safe and effective cially in patients at high risk, including the elderly with
aortic aneurysm repair. Despite the potential benefits, it several comorbidities, such as activation of inflammatory
has been demonstrated that endovascular stent grafting pathways and the release of inflammatory cytokines might

may elicit an unexpected systemic inflammatory response, underpin an already established but still subclinical organ
which has been named post-implantation syndrome (PIS) dysfunction [12, 13].

[1]. This is characterized by the presence of fever, leuko- Herein, we describe the clinical setting and consequences
cytosis and sometimes coagulation disturbances [1-5]. As owing to a vigorous inflammatory response in six patients
yet, there is no clear definition of the syndrome from the who underwent endovascular treatment of aortic aneu-
clinical and pathophysiological point of view [6]. It seems rysms and developed PIS during the postoperative period.
that PIS manifests clinically as a systemic inflammatory
response syndrome (SIRS), meeting two of the four criteria 2. Patients and methods
according to the definition of SIRS, fever and leukocytosis
[7, 8]. The clinical importance of PIS is unclear and the In a three-year period from January 2007 to December
impact of the syndrome on the outcome of the patients is 2009, a total of 162 patients underwent an endovascular
still unknown. In most cases, this transient SIRS state is repair of their aortic aneurysm [148 for an infrarenal
generally well tolerated, causing no serious consequences. abdominal aortic aneurysm (AAA), and 14 for a descending
However, it has been reported that a number of patients thoracic aorta aneurysm] in the University Hospital of
develop excessive clinical signs of inflammation in the early loannina. All endovascular procedures were performed
under general anesthesia and a standard vascular protocol,
*Corresponding author, Tel.: +30 26 5100 7422; fax: +30 26 5103 3379. by the same anesthesiological and surgical team. All
E-mail address: mimats@cc.uol.gr; Lgr (M1 ). patients were treated with a beta-blocker and a statin for

& 2010 Published by European Association for Cardio-Thoracic Surgery
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Abstract

Objectives: Endovascular aneurysm repair (EVAR), may elicit an unexpected systemic inflammatory response, which has been named post-
implantation syndrome (PIS). The aim of this study was to prospectively evaluate the association of PIS with clinical and laboratory
parameters in patients who underwent EVAR for abdominal aortic aneurysms (AAA). Methods: Forty consecutive patients who underwent
EVAR for AAA were studied. Complete blood count, fibrinogen, high sensitivity C-reactive protein (hs-CRP), interleukin (IL)-6, IL-1, tumor
necrosis factor-alpha were determined before and after surgery. Several parameters regarding the operation, as well as the hospitalization
days were recorded. Results: PIS was diagnosed in 35% of the patients. Patients with PIS showed significant greater changes of inflammation
marker levels, including hs-CRP and IL-6, as compared with the non-PIS group. PIS was associated with longer hospitalization. Conclusion:
PIS is a relatively common complication of EVAR used to treat AAAs and it is associated with features of a systemic inflammatory response
and prolongation of hospitalization. Further studies are necessary towards understanding the underlying pathophysiology and evaluating
effective preventive strategies.

@ 2011 Published by European Association for Cardio-Thoracic Surgery. All rights reserved.

Keywords: Abdominal acrtic aneurysm; Endovascular aneurysm repair; Inflammatory markers; Post-implantation syndrome

1. Introduction ises concerns of postoperative morbidity, especially in
patients at high risk, including the elderly with several co-
morbidities [11, 12]. In most cases, PIS is generally well-
tolerated, but even then it may result in a more demanding
postoperative recovery leading to prolonged hospitaliza-
tion, and thus it might be considered a moderate compli-
cation of the procedure, according to the reporting
standards for endovascular aneurysm repair (EVAR) [13].

In the present study, we prospectively investigated wheth-
er the endovascular treatment of AAAs is associated with
early inflammatory response as well as the relationship of
clinical and biochemical expression of PIS with several
acute phase inflammation markers. We also examined the
impact of PIS on the length of hospitalization and its
correlation with procedure parameters, such as the aneu-
rysm diameter, and the type of endograft deployed.

Post-implantation syndrome (PIS) has been used to encom-
pass a clinical entity characterized by systemic inflamma-
tion after stenting of the abdominal aorta first described
by Velazquez et al. in 1999 [1]. The main features of PIS
include continuous pyrexia despite antibiotic therapy, neg-
ative culture results, leukocytosis and/or coagulation dis-
turbances [2-6]. The incidence of the syndrome has been
reported to vary widely between 3% and 60% for abdominal
aortic aneurysms (AAAs) [7]. Although, there are many
laboratory and clinical data suggesting a systemic inflam-
matory response syndrome (SIRS) state [5, 8, 9], from the
pathophysiological and clinical point of view there is no
clear definition of the syndrome and its potential signifi-
cance so far. This response is primarily attributed to endo-
thelial dysfunction reflecting a synergic role between the
material of the graft and the endovascular surgical tech-

nigue; the acute formation of a large amount of thrombus 2. Patients and methods

within the aneurysmal sac may also play a role [10]. . This is a pilot study showing preliminary data, since PIS
~The impact of the syndrome on the outcome of patients represents a continuous study project of our department.
is still unknown. Postoperative inflammatory response ra- Between May 2007 and July 2008, an endoluminal repair of
T ~Corresponding author, loannina University Campus, 5. Niarchos Avenue, a_sympto_maticinfrarenalAAAwas performed in 43 consecu-
45110 loannina, Greece. Tel.: +30 26 5100 7422; fax: +30 26 5103 3379, tive patients aged between 53 and 87 years (median age

E-mail address: mi €.uol.gr; com (M. Matsagkas). 74.2 years). The patients were allocated to EVAR according

& 2011 Published by European Association for Cardio-Thoracic Surgery
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highlighting the wtility of endovascular aneurysm repair in this
frail group and the importance of carcful paticat selection for
open repair in patients with any degree of COPD. Furthermore,
Cox proportional hazards analysis not only confirmed oxygen
dependence was associated with diminished 5-year survival,
but also medically managed COPD, again emphasizing the
ongoing challenge of sclecting patients with COPD for ancu-
TYSM repair.

David H. Stone, MD
Brian W. Nolan, MDD, MS

b h-Hircheock Medical Center

Lebanon, NH
hitps//dx.doi.ong/10,1016/].jvs.201 3.04.038

Regarding “The impact of endograft type on
inflammatory response after endovascular treatment of
abdominal aortic aneurysm”

We read mth great interest the paper recently published by
Moulakakis ct al.” In this prospective study, the authors evaluated
the impact of the endograft type on the inflammatory responsc
and concluded that the postimplantation syndrome (PIS) was
not associated with perioperative adverse clinical events showing
a benign course. However, the cffect of the syndrome on the

of the pati ins almost unk . In fact, in

most cases, PIS is generally “well-tolerated,™ but in some patients,
it may lead to severe cumpbcauon:-, mcludmg cardiovascular
events, renal function imp failure
during the pmlopcmtw: period 2 ln a previous publication from
our team, five paticnts out of 148 who underwent an endovascu-
lar repair for an abdominal aortic ancurysm manifested a vigorous
mﬂamnmaw response mul days after discharge rhat led to
ion; all these pati loped PIS after the procedure

In another pubhmlmu, we ll:pcl'tl:d preliminary data and we
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temperature >38°C) and leukocytosis (white blood cell count
>12.m0/p{.), despite antibiotic therapy and negative blood
culture results.®® We believe that this may represent the best
way to comparc variables related to the syndrome among different
studies and to evaluate its clinical significance. Nunethel:a, close

surveillance of pati developing an
response pmop:raumly is y and may favorably affect
the outcome,
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Prospective Evaluation of Post-implantation Inflammatory Response After
EVAR for AAA: Influence on Patients’ 30 Day Outcome
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WHAT THIS PAPER ADDS

The impact of postimplantation syndrome [PIS) on the outcome of patients after elective endovascular
aneurysm repair (EVAR) is stll unknown. In the present study PIS after EVAR was prospectively evaluated and its
assodation with vardous clinical and laboratory parameters, as well as the clinical outcome of the patients was
investigated. It was found that a systematic inflammatory response is observed in almost one third of the
patients after EVAR. For the first time in the literature it has been shown that the intensity of the inflammation,
as assessed mainly by the postoperative high sensitivity C-reactive protein values, correlates with the presence
of a cardiovascular or any other adverse event during the first 30 days after the procedure.

Objectives: The aim was to prospectively evaluate post-implantation syndrome [PIS) after elective endovascular
aneurysm repair [EVAR) of abdominal aocrtic aneurysms [AAAs) and to investigate its assodation with clinical and
laboratory parmmeters and the clinical outmome of the patients.
Metheds: Frem January 2010 tll June 2013, 214 consecutive patients treated electively by EVAR for AAA were
prospectively included. PIS was defined according to systemic inflammatory response syndrome criteria. Adverse
events included any major adverse cardiovascular events [MACE), acute renal failure, re-admission and death
frem any cause.
Results: PIS was diagnosed in 77 (34%) patients. Pre-operative white blood cell (WBC) count values (p < 001},
endograft material (polyester) (p < .001), and heart failure [p = .03) were independent predictors of PIS. Mean
post-operative temperature (p < 001}, length of hospital (p < .001) and intensive care unit (p = .008) stay, as
well as maximum post-operative WBC count (g < J001) and hs-CRP values (p < 001) were significantly higher in
the PIS group. Post-operative hs-CRP (p = .001) and duration of fever [p = 02} independently predicted the
occurrence of MACE. Post-operative hs-CRP (p = .004), maxdmum temperature [p = .03), and the presence of PIS
[p = .01) were independent predictors of an adverse event during the first 30 days. A threshold of post-operative
hs-CRP value of 125 mg/L was highly assodated with the occurrence of MACE, with a sensitivity of 82% and
specificity of 75%.
Condusions: A systematic inflammatory response is observed in a significant number of patients after EVAR. The
type of endograft materdal seems to play a significant role in this inflammatory process. The intersity of
inflammation, as assessed mainly by the post-operative hs-CRF values, comelates with the presence of a
cardiovascular or any other adverse event during the first 30 days after the procedure.
© 2014 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
Artide history: Received 31 August 2014, Accepted 3 December 2014, Available online XXX
Keywords: Post-implantation syndrome, 30 day outcome, Inflammatory response, EVAR, Abdominal aneurysm,
Endovascular
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