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Introduction

Definition
Abdominal aortic aneurysm (AAA) is a localized widening of the abdominal
aorta below the diaphragm. The majority are infrarenal but about 5% of all
AAA also involve the renal/supra-renal aorta (Olsen 1991). In 1991, the
ISCVS/SVS Ad Hoc Committee proposed that the criteria for an AAA
should be defined as an aorta measuring at least 50% more than the maximum diameter expected (Johnston 1991). The diameter of the aorta depends
on age, gender, height, weight, body mass index (BMI) and body surface
area (Pearce 1993, Sonesson 1994, Grimshaw 1997). All these factors are
independently associated with increased aortic diameter, however, the effect
of these variables is small. As the average normal infrarenal aortic diameter
is 2.0 cm in men and about 2 mm less in women, Lederle et. al. recommended the use of 3.0 cm as a definition for AAA in both genders (Lederle
1997). McGregor had proposed that definition already in 1975 (McGregor
1975). Other definitions, such as > 4 cm diameter and an infrarenal to suprarenal ratio of 1.2 to 1.5 have also been used (Sterpetti 1987, Collin 1988,
Alcorn 1996).

Historical remarks
Aneurysms might have been known in ancient Egypt, although Shushruta, a
surgeon who lived in India, probably made the first written record sometime
between 800 and 600 BC, in the treatise Sira Granthi, ‘Tumours of the vessels’ (Prakash 1978). Rufus of Ephesus (110-180 AD) advised treating an
aneurysm with digital compression, torsion or ligature of the artery. Galen of
Pergamon (129-201AD) described two types of aneurysms, one being a dilatation of the artery and the other a result of injury to an artery (Lytton 1978).
In the early Byzantine era (Byzantine Empire 395-1453 AD) Oribasios of
Pergamon (325-403 AD) was the first to discuss operative indications, warning against hasty surgery on large aneurysms, especially those in the armpit,
groin and neck. He also referred to Antyllos who had earlier described complete exposure and ligation of non-traumatic aneurysms. At this time in history, the Greeks called an area being dilated; ‘aneurysma’ (Lascarotos 1988).
Surgery for aneurysms became less favoured at the end of the Middle Ages
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in favour of cauterization with a hot iron or boiling oil. The primary cause of
aneurysm formation was up to that time unskilful phlebotomy mainly around
the elbow. Jean-Francois Fernel (1497-1558) was the first to describe aneurysms of the aorta in De Externis Corporis Affectibus (1542). He postulated
that aneurysms were due to dilatation of all the coats of the vessel (Fye
1997).
The first to report a probable relationship between syphilis and aneurysm
was Giovanni Lancisi (1654-1720) (Lancisi 1745). It became more obvious
that most aneurysms were related to tertiary syphilis in the second half of the
19th century (Nuland 1988). Although this belief was met with scepticism, a
report published in The Lancet in November 1875 stated that clear signs of
syphilis were found in two out of three post-mortem examinations of soldiers
with aneurysms (Welch 1875). A large majority of patients with aortic aneurysm suffered from syphilis; this was proven when August von Wasserman
(1866-1925) developed the serodiagnostic test for syphilis in 1906. Up to
1945 syphilis was the leading cause of aortic aneurysm. This changed however, when John Mahoney used penicillin successfully to treat four patients
with primary syphilis (Mahoney 1943). Between 1905 and 1941, there was a
shift in the ratio of abdominal to thoracic aneurysms, from one of ten to one
of 3.3. Epstein reported this in 1945, indicating that atherosclerotic aneurysm
had become more common (Epstein 1945). The increased incidence in the
20th century of AAA, generally the atherosclerotic type, is probably partly
due to increasing age and smoking, since older people are more susceptible
to degenerative disorders.
AAA was inaccessible to treatment until Sir Astley Cooper (1768-1841)
performed the first ligature of the infrarenal aorta for treatment of a ruptured
aneurysm of an iliac artery in 1817. Six years earlier, in 1811, Cooper successfully created collateral circulation in a dog after ligation of its aorta
(Brock 1969). In the 19th century, several other techniques, all unsuccessful,
were introduced, for example, intra-saccular wiring with silver, steel, iron
wires or even horse hair, wax or lead. In the first half of the 20th century
other different methods were introduced: ligation above the AAA, wrapping
of the aneurysm with steel meshes, fascia lata, omentum and cellophane film
to create a fibroblastic reaction around the aneurysm in order to provide reinforcement of the aortic wall, and reconstructive endoaneurysmorraphy. Arterial reconstruction by end-to-end anastomosis became possible after Alexis
Carrel´s (1873-1944) work on vascular suturing, for which he was awarded
the Nobel Prize in 1912 (Carrel 1902). However, John Murphy (1857-1916)
performed an open repair of an arterial pseudoaneurysm, when he in 1896
resected gun shot lacerations of the common femoral artery and reunited the
ends by inlay technique (Murphy 1897). Jacques Oudot (1913-1953) was the
first to replace a thrombotic aortic bifurcation with an arterial homograft
(Oudot 1951). Norman Freeman (1903-1975), used common iliac veins as
graft material when he successfully, on February 26 1951, was the first to
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replace an AAA with survival (Freeman 1951). A month later, on March 29,
Charles Dubost (1914-1991) using a retroperitoneal approach, replaced an
AAA with an arterial homograft (Dubost 1952). Henry Bahnson performed
the first successful operation for a ruptured AAA in 1953 (Bahnson 1954).
Synthetic grafts replaced homografts as it became evident from animal experiments that they degenerated (Coleman 1955). In 1958, M. DeBakey
(1908-2008) presented the inlay technique using knitted Dacron (De Bakey
1958). That method became the gold standard. The introduction of ether in
1842 and the post World War II era of rapid progressing knowledge about
blood replacement, use of heparin and antibiotics, made operations safer
with lower mortality and complication rates. Already in 1912 Alexis Carrel
had spoken about “intubation” of blood vessels, and endovascular aneurysm
repair (EVAR) was first introduced by Volodos (1934-) in 1986 followed by
Juan Parodi (1942-) in 1990 (Volodos 1986, Parodi 1991). This method was
possible thanks to the technique described by the Swedish radiologist SvenIvar Seldinger (1921-1998) in 1953 (Seldinger 1953). The DREAM study
has shown that the outcome, of operative mortality and severe complications, being better with EVAR the first month after the procedure (Prinssen
2004). However, after the first postoperative year this advantage was not
sustained (Blankensteijn 2005). In the longer term, EVAR is associated with
a reduction in aneurysm-related mortality, but not in all-cause mortality
(Lovegrove 2008). The EVAR-2 trial concluded that EVAR did not improve
survival over no intervention in patients unfit for open repair (EVAR-2
2005).

Prevalence and natural history
The most reliable figures for prevalence of AAAs come from populationbased screening studies. Age specific prevalence is available in only a few of
these reports (Vazquez 1998, Kyriakides 2000, McCarthy 2003). The prevalence in men 65 years of age ranges from 2.7% to 5%. The prevalence
among women, 50-79 years of age, is 1% (Scott 1995, Lederle 2001).
Bengtsson et. al. (Bengtsson 1992) reported that AAA is uncommon before
the age of 55. The prevalence increases with age and is about 6% in men at
80 years of age. AAA have about ten years later onset in women. There
seems to have been a real increase in the incidence of AAA, partly because
an increasing longevity in the population. Moreover, there is an increase in
the frequency of detected asymptomatic AAAs, partly because of the more
frequent use of abdominal ultrasonography (US) and computed tomography
(CT) scanning. A 2.4% per year increase in the age-adjusted incidence of
death from AAA rupture from 1950 to 1980 supports that finding (Bickerstaff 1984). The UK Small Aneurysm Trial (UKSAT) (UKSAT 1998, Brady
2004) indicates an annual expansion rate of 0.26 cm for aneurysms 2.8-8.5
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cm with a mean follow-up time of 1.9 years. Others have estimated the expansion rate to about 10% per annum (Limet 1991, Bengtsson 1993, Vardulaki 1998). Periods of quiescence and periods with rapid expansion characterise the highly individual expansion pattern of small AAAs (Kurvers
2004). The progressive dilatation results in eventual rupture in thirteen percent of all AAAs (Bengtsson 1992). Distal embolization, aortoenteric or
aortocaval fistulae, iliac vein compression resulting in deep vein thrombosis
and compression of a ureter, which may cause hydronephrosis, are less
common complications from AAAs. Despite increased numbers of elective
operations for AAA, the incidence of rupture seems to be increasing for both
genders, and women seem to have worse outcome (Katz 1997, Hultgren
2007, Norman 2007). The overall mortality due to ruptured AAA is between
77-88% (Bengtsson 1993, Heikkinen 2002, Acosta 2006, McPhee 2007).
The risk of rupture increases with AAA diameter. Law et. al. (Law 1994)
presented data from a meta-analysis of 13 studies where an aneurysm < 3 cm
had 0% rupture risk/annum, 3-3.9 cm 0.4%, 4-4.9 cm 1.1%, 5-5.9 cm 3.3%,
6-6.9 cm 9.4% and 7-7.9 cm 24% risk respectively. Vardulaki et. al. (Vardulaki 1998) showed that over the period of five years from diagnosis, the risk
of rupture of a 3 cm AAA was 1-2%, a 4 cm AAA was 5-13%, and a 5 cm
AAA was 25-38%. Recently, Mani et. al. reports improvement in long-term
survival after AAA repair over the last 20 years (Mani 2009), despite older
patients and more comorbidities.

Etiology
Abdominal aortic aneurysm is the result of a complex process leading to the
destruction of aortic wall connective tissue (Davies 1998). AAAs demonstrate a marked inflammatory infiltrate throughout the aortic wall and a positive correlation has been shown between elasteolytic activity and invasion of
the aortic wall by white blood cells (Vine 1991, Newman 1994, Willis
1996). Results from UKSAT (UKSAT 1998) have indicated that the expansion of aneurysms is associated with an increased concentration of inflammatory cells in the adventitia, the dominating cells being macrophages and
B-cells (Anidjar 1992, Brown 1999). Immunophenotypic analysis of the
aortic aneurysm wall also suggests that vascular dendritic cells are involved
in immune responses (Bobryshev 1998). Activated macrophages appear to
play a crucial role through the production of metalloproteinases (MMPs) in
AAA (Anidjar 1992, Curci 1998). Collagen and elastin are the dominating
proteins in the aortic wall, and smooth muscle cells are the dominating cell
type. The arrangement of these components within the media of the aortic
wall gives the aorta its unique elasticity. AAAs seem to involve an increased
synthesis of collagen and an enhanced degeneration of elastin compared to a
normal aorta (Menashi 1987). Extra-cellular matrix (ECM) is a complex
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”web” of proteins and proteoglycans within the media of the aortic wall.
Mesenchymal cells maintain the balance between reconstruction and destruction of ECM. Several reports have pointed out an increased activity of
collagenase, elastase and gelatinase in the wall of the AAA. When monocytes migrate into tissue and differentiate into macrophages, the expression
of different metalloproteinases is considerably increased (Shapiro 1991). In a
report published in 1998, Davis and co-workers pointed out that MMP-9
seems to be produced mostly in macrophages (Davis 1998), and MMP-9 is
associated with the expansion of AAA as has been shown both in in vitro
and in vivo studies (Freestone 1995, McMillan 1997). In addition, Freestone
et. al. (Freestone 1995) demonstrated that MMP-2, expressed by vascular
smooth muscle cells and fibroblasts, was the dominant gelatinase in small
aneurysms and MMP-9 became more important in the latter stages of AAA
formation. The results from an experimental model, reported by Longo et.
al., suggested that both MMP-2 and MMP-9 were required to initiate aneurysm expansion (Longo 2002). The marked inflammatory infiltrate within
the aneurysm wall has the potential to produce and excrete all metalloproteinases needed for ECM destruction (Vine 1991). Anidjar et. al. (Anidjar
1990, 1992) could report that inflammatory responses are of importance in
the formation of experimentally induced aneurysms in rats. Moreover, levels
of inflammatory mediators in peripheral blood, namely, IL-6 and CRP, are
higher in AAA patients compared to patients with aortic occlusive disease
(AOD) and healthy controls (Jones 2001, Powell 1987).
Atherosclerotic plaques are a frequent finding of the dorsal and ventral
aneurysm wall at open surgery. Abdominal aorta has less developed vasa
vasorum compared with the thoracic aorta, and might therefore be more vulnerable to hypoxia. This could be caused by, for instance, atherosclerosis, or
by thrombi within the aorta and its vasa vasorum. Interestingly, in the infrarenal aorta, the content of elastin and collagen is the lowest relative to the
luminal area, and the ratio between collagen and elastin shows a relatively
lower level of elastin within the aorta. This might be one explanation, why
infrarenal aorta degenerates into an aneurysm more often than other parts of
aorta (Rehm 1998). Infrarenal aorta also differs from the suprarenal part
when it comes to hemodynamic conditions. The former is characterised by
increased peripheral resistance, increased oscillatory wall shear stress and
reduced flow. These hemodynamic conditions could predispose arteries to
degenerative disease (Taylor 1999). In addition, asymmetrical flow pattern at
the aortic bifurcation is found in patients after major lower limb amputation,
putting them in risk for AAA development (Vollmar 1989) compared to
controls. Moreover, in line with Laplace´s law, the larger the aneurysm is,
the faster it expands. Regarding small aneurysms (4.0-4.9 cm), a reasonable
expectation for expansion would be 1.8-6.9 mm per year, indicating that
AAAs expand ”individually” (Bengtsson 1993, Wilson 1997).
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Some AAAs occurs in a familial pattern affecting most commonly males,
suggesting a genetic factor. Clifton (Clifton 1977) was the first to describe
three affected siblings, but no candidate gene/genes have emerged as risk
factors for development of AAA, or for progression of AAA expansion.

Expansion and medication for AAA
The annual expansion rate for AAA depends on several factors, i.e. baseline
diameter, increasing age, male gender, and smoking (MacSweeney 1994,
Chang 1997, Brown 1999, Brady 2004). Several circulating markers are
associated with AAA expansion; Chlamydophila pneumoniae-antibodies
(Lindholt 1999, 2001), macrophage migration inhibitory factor (Pan 2003),
MMP-9 (Lindholt 2000), osteoprotegerin (Moran 2005), plasminantiplasmin complexes (Lindholt 2001), tissue-type plasminogen activator, tPA (Lindholt 2006), serum elastin peptides (Lindholt 1997) and with a negative correlation, Cystatin C (Lindholt 2001). A number of animal studies
have demonstrated the potential of a wide range of medications to suppress
AAA expansion: statins, angiotensin converting enzyme inhibitors (ACEinhibitors), macrolides, cyclooxygenase inhibitors, indomethacin, tetracyclines, rapamycin, estradiol, and tamoxifen (Golledge 2006). Human studies
addressing the role of medication to alter progression of AAA have shown
that antibiotics, doxycycline and roxithromycin, do not produce any lasting
alteration on expansion rate of small AAA (Mosorin 2001, Vammen 2001),
nor could a randomised controlled trial prove the effect of propanolol on
AAA expansion (Propanolol Aneurysm Trial Investigators 2002). A subgroup in UKSAT on concurrent medication with indomethacin showed a
significant reduction in AAA expansion rate (Franklin 1999).

Chlamydophila pneumoniae
Chlamydophila pneumoniae (C. pneumoniae), previously named TWAR and
Chlamydia pneumoniae (Everett 1999), is an obligate intracellular gramnegative bacterium, known to cause disease in upper and lower respiratory
tract in both children and adults (Grayston 1992).
Most infections caused by C. pneumoniae are characterised by mild
symptoms. The organism may, however, occasionally cause severe pneumonia. There is no lifelong immunity and re-infections are common (Peeling
1996, Gnarpe 1999). About 50% of the population has been infected in adolescence and about 80% of men and 70% of women have been infected by
the age of 65 (Kuo 1995). Interestingly, analyses from stored sera prove that
infections with C. pneumoniae were as common in 1958 and 1963 as they
are today (Grayston 1992, Karvonen 1992). C. pneumoniae has a unique
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lifecycle. The extra-cellular, metabolically inactive and infectious particle,
the elementary body (EB), enters the host-cell where it can replicate and
differentiate into a reticulate body (RB). The RB then further differentiates
into new EBs. After 48-72 hours the new EBs are released into the extracellular space and can infect new cells (Miyashita 1993). A third type of C.
pneumoniae particle has been proposed; the persistent elementary body
(PB), which may exist as a viable, non-replicating form, thus shielded from
the immune system for long periods of time (Beatty 1994). Several studies
indicate that when C. pneumoniae is challenged by different agents such as
tobacco smoke, antibiotics or cytokines, a persistent phase is entered that
may not be detectable (Summersgill 1995, Wiedeman 2004, Gieffers 2004a).
C. pneumoniae infected cells produce elevated amounts of stress response
proteins, i.e. heat shock proteins (Hsp) (LaVerda 1999). Both in vivo and in
vitro studies suggest that Hsp participate in chronic inflammation. Moreover,
C. pneumoniae inhibits host-cell apoptosis and thereby promotes chronic
infection (Fischer 2004). Persistent RBs might be transferred to new hostcells during cell division (Richmond 1985), and thereby remain persistent.
The only form of chlamydia that is susceptible to antibiotics is the replicating form, the RB. EBs are not actively metabolic and are therefore refractory
to treatment. An example of a persistent damaging Chlamydial disease is
trachoma, usually caused by C. trachomatis. It has been found that IgA antibodies are good markers of chronic infection (Hahn 2000). IgA does not
usually appear early in the primary infection with IgG and IgM, but only in
re/or chronic infection. IgA has a short half-life, five to six days as compared
to over 30 days for IgG. Therefore, high levels of IgA antibodies to C.
pneumoniae are thought to be a better indicator of an ongoing infectious
process compared to IgG antibodies, which can persist in the circulation for
years without evidence of ongoing infection (Kauppinen 1995). IgM antibodies are found almost exclusively in primary infections and are rare findings in adult populations. Men have higher antibody titers than women, and
there may be an association between smoking and C. pneumoniae seropositivity in the general population (Karvonen 1994, Kuo 1995). However, Karvonen et. al. stated that the higher prevalence of smoking in men did not
explain the difference in C. pneumoniae antibody titers between genders. In
vitro studies have shown that C. pneumoniae can replicate in endothelial
cells, smooth muscle cells and macrophages (Quinn 1999).
Mouse models have been used to demonstrate that a C. pneumoniae infection in the respiratory tract can spread to the vascular system (Gaydos 1996).
Ingestion of the bacteria by alveolar macrophages in which C. pneumoniae
can exist and multiply, followed by translocation of the macrophages to the
vascular system where they circulate until finding an appropriate site to adhere on the endothelium (Yang 1995, Moazed 1998) may explain how C.
pneumoniae reaches the arterial wall. C. pneumoniae infected cells up regulate adhesion molecule expression and produce inflammatory cytokines,
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thereby promoting leucocyte adherence, leucocyte migration and intimal
inflammation (Liuba 2000, Summersgill 2000). Infected endothelial cells
trigger transendothelial migration of neutrophils and monocytes and secretion of procoagulant tissue factor, interleukin 6 (IL-6) and plasminogen activator inhibitor-1. C. pneumoniae enhances the production of metalloproteinases by infected macrophages (Fryer 1997, Molestina 1999, Dechend
2000, Vehmaan-Kreula 2001). Furthermore, a report published in Science
1999, proposed that C. pneumoniae mediated heart disease could be induced
by antigenic mimicry of a heart muscle specific protein. Hsp 60 is associated
with atherosclerosis and can provoke an autoimmune reaction. Chlamydial
Hsp 60 has close homology and co-localises with human Hsp 60 in macrophages, stimulating enhanced production of MMP-9 (Schett 1995, Bachmaier 1999). All gram-negative bacteria have lipopolysaccharide (LPS) as a
component of their cell wall. LPS is toxic to mammals and even very small
amounts can trigger antibody production. LPS remains reactive even if the
bacterium is neutralised by antibodies. Interestingly, Chlamydial LPS seems
to have lower endotoxicity than other gram-negative bacteria, eliciting a
weaker response and thereby enabling a long-lasting parasitism (Brade 1986,
Ingalls 1995).
For acute Chlamydial infection, tetracycline and macrolides have been the
drugs of choice. However, in vitro activities of azithromycin and doxycycline against 15 different isolates of C. pneumoniae showed that all Chlamydia strains re-grew after four passages in cell culture subsequent to removal
of the antibiotic, regardless of the initial drug concentration (Gnarpe 1996).

Chronic inflammation
The purpose of the inflammatory response is to recruit cells and soluble
components to heal tissue injured by i.e. trauma, ischemia, neoplasm, foreign
particles, or attacking microorganisms. In order to achieve this, vasodilatation is induced as well as increased permeability and recruitment of white
blood cells from the microcirculation to perivascular tissue. Chronic inflammation is characterised by infiltration of macrophages, lymphocytes,
plasma cells and increased fibrosis. Macrophages have a pivotal role in the
inflammatory response; including phagocytosis, chemotaxis, presentation of
antigens to T-cells and thereby initiating the adaptive immune system in the
response and increasing the expression of MMPs. Bacteria or fragments of a
bacterium are phagocytosed by macrophages. Material from the intruder is
presented on major histocompatibility complex-II (MHC-II or transplantation antigenes) molecules for T-helper cells (CD4+ T-cells). Activated Thcells then stimulate the production and release of IL-6, proliferation of Bcells to specific antibody producing plasma cells, positive feedback activation of macrophages and activation of T-cytotoxic cells (CD8+ T-cells). IL-6
16

has autocrine, paracrine and endocrine effects. As for the last property, IL-6
stimulates the enhanced production and release of C- reactive protein (CRP)
from the liver, and through paracrine stimulation, an increased production of
antibodies. CRP acts as an opsonin enhancing phagocytosis of foreign material. MMPs are a heterogeneous group of enzymes that participate in the
normal and pathological turnover of tissue. These enzymes are released as
pro-enzymes, depending on zinc in the catalytic site for activation. Activated
macrophages release MMPs to heal the tissue as part of the inflammatory
response. An important component in the inflammatory process is angiogenesis. This is essential for providing nutrients and oxygen. Angiogenetic
factors, i.e. vascular endothelial growth factor (VEGF) and fibroblast growth
factor (FGF) are bound to matrix proteins and released by MMPs, (MMP-9
and MMP-19).

Chlamydophila pneumoniae and AAA
Several different methods have been used to demonstrate a possible association between AAA and C. pneumoniae; serology, polymerase chain reaction
(PCR), immunohistochemistry (IHC), electron microscopy (EM), culture,
randomised clinical trials, and animal model for infection.
Only eight of 16 published studies where C. pneumoniae antibody titers
were analysed in patients with AAA have a control group. Three of these
have analysed IgG but not IgA. One study (Nyberg 2007) reported no difference between the groups, in contrast to the two other studies (Maraha 2001,
Schillinger 2002). In the remaining four larger studies (Blanchard 2000,
Wolski 2002, Mazur 2004, Falkensammer 2007) both IgG and IgA were
analysed and all showed a difference between the groups, with higher antibody titers in patients with AAA compared to controls (Table 1).
Table 1. Studies reporting Chlamydophila pneumoniae antibodies in patients with AAA.
Reference

Year

Method

No/ controls

Results

Blasi

1996

MIF

51/ 0

41 of 51 had IgA > 1/16
and/ or IgG >1/32

Juvonen

1997

MIF

12 / 0

8 positive, only 2 had IgG
>1/32

Boman

1998

MIF

37/ 0

32/ 37 were IgG positive,
26/ 37 were IgA positive

Halme

1999

MIF

22/ 0

12/ 22 had IgG > 1/ 32, 9/
22 had IgA > 1/ 10
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Reference

Year

Method

No/ controls

Results

Lindholt

1999

MIF

139/ 0

IgA>20 or IgG > 32 associated with expansion, along
with initial diameter and
total cholesterol

Meijer

1999

EIA

19/ 0

15/19 positive for IgG. IgA
not analysed.

Blanchard

2000

MIF

81/ 56

Positive association for
IgG, especially among
smokers, but not for IgA

Maraha

2001

MIF + PCR

88/ 88

85/ 88 had IgG >1/ 16 vs
71/ 88 in controls, 18/ 88
positive in buffycoat vs 8/
88 in controls

Vammen

2001

MIF, ELISA 134/ 0

A comparison between
methods. ELISA equal to
MIF

Porqueddu

2002

MIF

102/ 0

60/ 102 had IgG > 1:16, 41/
102 had IgA > 1:16
no association between C.
pneumoniae titers and C.
pneumoniae in AAA

Wolski

2002

MIF

23/ 20

20/ 23 had IgG > 1/ 128 and
IgA > 1/ 32 vs 6/ 20 in
controls

Schillinger

2002

ELISA

42/ 42

Cases having significant
higher C. pneumoniae IgG
titers vs controls. IgA not
analysed

Karlsson

2003

MIF

3/ 5

Too few patients

Mazur

2004

MIF

52/ 30

45/ 52 had IgG > 1/ 128 and
IgA > 1/ 32 vs 10/ 30 in
controls
High C. pneumoniae titers
in symptomatic AAAs?

Falkensammer 2007

ELISA

68/ 68

44% had IgA > 60 EIU vs
37% in controls. No difference regarding IgG between
the groups

Nyberg

ELISA

119/ 36

No difference between the
groups, only IgG analysed
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2007

Thirteen studies report the presence of either C. pneumoniae or it´s antigens
in 35-100% of AAA specimens. Three studies (Lindholt 1998, Sodek 2004,
Falkensammer 2007) failed to detect C. pneumoniae in AAA specimens.
Seven of the 16 studies had controls (Ong 1996, Juvonen 1997, Petersen
1998, Pupka 2004, Sodeck 2004, Cheuk 2005, Falkensammer 2007) and of
those, five reporting detection of C. pneumoniae in AAA showed a higher
prevalence in AAAs than in controls (Table 2).
Table 2. Studies reporting detection / or failure to detect Chlamydophila pneumoniae in AAA specimens.
Reference

Year

Method

No/ controls

Results

Blasi

1996

PCR

51/ 0

26/ 51 positive

Ong

1996

PCR

25/ 6

11/ 25 positive in
AAA patients, 3/ 6
in controls

Juvonen

1997

EM, IHC, PCR,
culture

12/ 3

100% positive by
IHC, 6/ 6 by PCR,
3/ 4 by EM, no
cultured, non
positive in controls

Lindholt

1998

PCR

20/ 0

0 % positive

Petersen

1998

PCR

40/ 40

14/ 40 positive in
AAA, 2/ 40 positive in controls

Hahn

1998

PCR, ICC

15/ 0

6/ 15 positive in
AAA specimens

Halme

1999

IHC

11/ 0

6/ 11 positive in
AAA specimen

Meijer

1999

PCR, ICC

19/ 0

19/ 19 positive by
ICC, 0/ 19 positive
by PCR

Loehe

2002

IHC

28/ 0

23/ 28 positive
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Reference

Year

Method

No/ controls

Results

Porqueddu

2002

PCR

102/ 0

33/ 102 positive

Wolski

2002

IHC

23/ 0

20/ 23 positive

Pupka

2004

PCR

30+30/ 30

14/ 30 positive in
ruptured AAA, 9/
30 positive in
asymptomatic, 0/
30 positive in
controls

Sodeck

2004

PCR

23/ 10

All cases and
controls were
negative

Mazur

2004

PCR, IHC

52/ 0

44/ 52 positive by
PCR, 45/ 52 positive by IHC

Cheuk

2005

PCR

30+16/ 19

22/ 30 positive in
asymptomatic, 16/
16 in positive
ruptures, 2/ 19
positive in controls

Falkensammer

2007

PCR

30/ 15

All cases and
controls were
negative

Halme et. al. (Halme 1999) presented the finding of C. pneumoniae reactive T-lymphocytes in AAA specimens, suggesting the participation of C.
pneumoniae in the maintenance of the inflammatory response and in the
progression of the disease. A Canadian study (Blanchard 2000) demonstrated a strong association between C. pneumoniae IgG and AAA in those
who had ever smoked, (OR: 7.9) and suggested that smokers may more often
have recurrent chlamydial respiratory infections. They also found a correlation between anti-C. pneumoniae antibodies and antibodies to human Hsp.
Interestingly, human heat shock protein 60 is associated with atherosclerosis
and can provoke an autoimmune reaction. Chlamydial Hsp 60 has close homology with, and co-localises with human Hsp 60 in macrophages, stimulating enhanced production of MMP-9 (Schett 1995). These findings could,
however, not be confirmed by Meijer et. al. (Meijer 1999), indicating the
influence of choice of method for positive results.
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IgA antibodies against C. pneumoniae might be associated with expansion of
AAA (Lindholt 1999). Vammen et. al. (Vammen 2001) suggested that C.
pneumoniae antibodies could predict the need for intervention on small
AAA. The same group failed to detect C. pneumoniae major outher membrane protein (MOMP) in AAA specimens, although they found a crossreacting protein in all samples analysed, indicating a possible autoimmune
pathway (Vammen 2002, Lindholt 2004).
Tambiah et. al. provoked aortic dilatation, probably by activation of
macrophages, using C. pneumoniae challenge in a rabbit model. Interestingly, it was noted that chlamydial membrane antigens appeared to cause
dilatation and associated macrophage recruitment, rather than live organisms. They also found that early administration of azithromycin reversed this
aortic dilatation (Tambiah 2001, 2002). Moreover, C. pneumoniae has the
capacity to degrade aortic elastin (Petersen 2001), a process believed to be
pivotal in the pathogenesis of AAA. Chlamydial LPS in serum correlates
with LPS binding protein levels in AAA patients, suggesting a possible innate immune response (Vikatmaa 2009). C. pneumoniae may, thus, be associated with AAA pathogenesis, however, two clinical trials testing antibiotics with anti-inflammatory and anti- C. pneumoniae effects did not produce
any lasting alteration on expansion rate of small AAA (Mosorin 2001,
Vammen 2001).

Chlamydophila pneumoniae and atherosclerosis
Similarly to atherosclerosis, AAA is a multifactorial chronic inflammatory
disease. Both develop in significant numbers of patients without well-known
risk factors, e.g. smoking, gender and advancing age. Atherosclerosis is an
inflammatory disease (Ross 1999), and involves the intima and media
whereas aneurysmal disease engages media and adventitia.
After Saikku et. al. (Saikku 1988) reported the finding of increased levels
of anti-C. pneumoniae IgA antibodies and immune complexes in patients
with myocardial infarction, interest has focused on microbial agents and
atherosclerosis. C. pneumoniae has been detected in atherosclerotic tissue by
culture, PCR, IHC and EM (Shor 1992, Grayston 1995, Kuo 1993a, Kuo
1993b, Kuo 1995a, Ramirez 1996). Vink et. al. (Vink 2001) reported the
finding of C. pneumoniae by IHC at multiple locations in the arterial system
within the same individual. This was done by testing tissues from twenty –
four cadavers. The highest prevalence of C. pneumoniae was found in the
abdominal aorta (67%), internal and common iliac arteries (41%) and coronary arteries (33%). Lowest prevalence was found in radial (0%) and cerebral arteries (2%). Numerous serological studies have been published and the
general consensus of these has been that patients with cardiovascular disease
(CVD) have a greater load of specific C. pneumoniae antibodies than healthy
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individuals, but the role of the bacterium as an etiological agent for arterial
disease has not been conclusively proven (Danesh 2000, Danesh 2002,
Smieja 2003). Several investigators report the finding of C. pneumoniae in
peripheral blood cells from 8.8% to 60% in older individuals with some degree of atherosclerosis (Wong 1999, Smieja 2002). The infection of peripheral mononuclear blood cells with C. pneumoniae is supposed to be an important mechanism for access to the systemic circulation from an infected
lung epithelium. It has been speculated that novel chlamydial bacteriophages
may be associated with strains causing vascular disease (Read 2000, Karunakaran 2002).
Animal studies with rabbits have shown that C. pneumoniae can induce
atherosclerotic-like changes in the vasculature (Fong 1997, Laitinen 1997).
These atheromas were successfully reversed by appropriate and timely antibiotic therapy (Muhlestein 1998, Fong 1999). The finding of C. pneumoniae
in the vascular tree does not seem to always result in symptomatic disease. A
number of antibiotic intervention trials have been performed in which patients with coronary artery disease (CAD) were treated with drugs known to
have anti-chlamydial activity, or placebo (Gupta 1997, Gurfinkel 1999,
Muhlestein 2000, Leowattana 2001, Sinisalo 2002, Stone 2002, O'Connor
2003, Zahn 2003, Cercek 2003, Cannon 2005, Grayston 2005). No overall
benefit of antibiotic therapy in reducing mortality or cardiovascular events
could be demonstrated in a meta-analysis of these eleven placebo controlled
trials (Andraws 2005). Furthermore, Baker et. al. could not show any positive effects of azithromycin on clinical outcomes in patients with CAD in a
meta-analysis including six studies (Baker 2007).
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Aims

The overall aim of this investigation was to evaluate the possible role of
Chlamydophila pneumoniae in the inflammatory response and expansion of
abdominal aortic aneurysms from a clinical point of view.
Specific aims were:
To investigate the presence of Chlamydophila pneumoniae in the wall of
abdominal aortic aneurysms. (Paper I)
To evaluate the effect of azithromycin on the expansion rate of small abdominal aortic aneurysms in a double-blind randomised trial. (Paper II)
To determine whether or not a correlation exists between serological markers for Chlamydophila pneumoniae infection and expansion of small abdominal aortic aneurysms. (Paper II)
To investigate if serological markers for Chlamydophila pneumoniae could
be used to detect small AAA. (Paper III)
To evaluate a possible correlation between plasma levels of inflammatory
markers, (IL-6, MMP-9, CRP) and the expansion of small abdominal aortic
aneurysms. (Paper IV)
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Subjects and methods

Paper I
All patients operated on for AAA at Gävle Central Hospital from March
through December 1998 were included in the study.

Paper II and IV
Patients in these papers were recruited from surveillance programs at nine
Swedish vascular centres, (Sundsvall, Gävle, Falun, Uppsala, Karlstad, Örebro, Eskilstuna, Eksjö and Helsingborg), for participation in a randomised
double-blind clinical trial. Inclusion criteria were; AAA 3.5-4.9 cm, age < 80
years. Exclusion criteria; AAA < 3.5 cm or AAA > 5.0 cm, age > 81 years,
intolerance to macrolide antibiotics, creatinine clearance < 40 ml/min, and
medication with ergotamine. Included patients were both those who had
previously been diagnosed with AAA and newly diagnosed patients meeting
the inclusion criteria. (Table 3)
Table 3. Baseline characteristics. kg = kilograms, cm = centimeters, MI = myocardial infarction, COPD = chronic obstructive pulmonary disease, vasc.op = vascular
operation (does not include CABG or PCI)
N
Age years, median (IQR)

213

71 (67,75)

Gender (male)

213

76.5 (163)

Weight kg, median (IQR)

210

78 (70, 87)

Height cm, median (IQR)

207

174 (169, 180)

History of MI, % (N)

213

31 ( 66)

History of stroke, % (N)

213

14.1 ( 30)

Asthma, % (N)

213

3.8 ( 8)

COPD, % (N)

213

5.6 ( 12)

Smoking, % (N)

213

37.6 ( 80)
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N
Heredity, % (N)

211

13.3 ( 28)

Previous vascular surgery, % (N)

213

27.7 ( 59)

Diabetes, % (N)

213

4.2 ( 9)

Hypertension, % (N)

213

58.7 (125)

Azithromycin, % (N)

213

49.8 (106)

Statins, % (N)

213

39.9 ( 85)

ASA, % (N)

212

47.6 (101)

ACE inhibitors, % (N)

212

29.7 (63)

MMP-9, median (IQR)

208

316 (205, 474)

IL-6, median (IQR)

200

2.66 (1.56, 4.49)

CRP, median (IQR)

211

2.95 (1.21, 6.71)

Ultrasound, cm median (IQR)

213

4.0 (3.7, 4.4)

Paper III
Forty-two patients with a screening detected AAA, 3.0 cm or larger in diameter, were included (Wanhainen 2001). Thirty-five men (83%) and seven
women with a mean age of 71.4 years. One-hundred patients, matched for
age and sex, but otherwise randomly selected, that also had participated both
the Västerbotten intervention program (VIP) and AAA screening, were assigned as controls for the AAA population (Figure 1).

Figure 1. Overview of the study design, paper III
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Laboratory methods
Chlamydophila pneumoniae serology
For detection of antibodies to Chlamydial species, the microimmunofluorescence test (MIF) is the gold standard. MIF test uses purified EBs from C.
pneumoniae, C. trachomatis and C. psittaci fixed on glass slides as distinct
antigen dots. Dilutions of sample sera are layered on the antigen dots and
incubated at + 4oC over night to increase antibody binding. Slides are then
exposed to fluorescently labelled anti-human-antibodies for visualisation.
Since the microscopic reading as well as the interpretation of tests is difficult, experience with the technique is essential for consistent results. All sera
from each patient were analysed on the same testing occasion using the same
antigen slides. C. pneumoniae antibodies were analyzed by MIF using a
previously standardized and optimized technique and reagents (Gnarpe 2000,
Gnarpe 2000). Sera were diluted 1:32 with phosphate buffered saline (PBS),
pH 7.4 and tested for IgG and IgA antibodies using 21 well antigen slides
with elementary bodies of C. psittaci, C. trachomatis and C. pneumoniae in
each test well (Thermobio Oy, Helsinki, Finland). Sera found to be positive
in screening dilutions for IgG were rediluted and tested in doubling dilutions. Sera positive for IgA were first absorbed with GullSorb (Gull Laboratories, Salt Lake City, Utah) to remove IgG, and then tested in doubling dilutions. Serum dilutions were incubated with antigen for 14 to 16 hours at + 4°
C. Slides were washed thoroughly in three changes of PBS pH 7.4, then
incubated with fluorescein isothiocyanate (FITC) conjugated rabbit antihuman IgG, IgA or IgM (Dakopatts, Denmark) at + 37oC for 30 min. Control
sera with specified high and low titers were used on each testing occasion
and tests were accepted only if the titers were within one dilution step of the
predetermined mean titers for the respective quality control sera. All tests
were read using a Zeiss UV microscope with a 40x oil immersion lens and a
10x ocular lens (total magnification 400x) by an experienced microbiologist.
All titers were reported as reciprocals, and all sera from the same individuals
were tested on the same antigen slide on the same testing occasion.

Polymerase chain reaction
Polymerase chain reaction (PCR) is a nucleic acid detection method, known
to be very sensitive. PCR does not depend on replicating cells, it amplifies a
specific nucleotide sequence and the resultant product is then visualised by
different techniques. Negative control specimens must be included in the test
to rule out contamination as extraneous DNA from aerosols can easily contaminate PCR, and cause a false positive reaction. Specimen preparation was
done using the Roche Respiratory Specimen Preparation Kit (Roche Diagnostic Systems Inc., Branchbury, NJ, U.S.A.) as described earlier (Gnarpe
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1995). The primers used for PCR were HR-1 and HL-1 according to Campbell et. al. (Campbell 1992). Amplification products in agarose gel with
added ethidium bromide were visualized after electrophoresis on an UV
transilluminator.

Immunohistochemistry
IHC takes advantage of the antigen-antibody reaction to visualize antigens in
cells or tissues. We have used it on tissue sections and cells labelled with C.
pneumoniae specific monoclonal antibody. The method preserves the tissue
morphology and permits localisation of the infectious agent to specific areas
and cells. The aortic tissues were fixed in 4% formalin and embedded paraffin. Three-to four m sections were placed on microscope slides. To facilitate binding of tissue to slides, the slides were heat-treated at 60oC for one
hour. Tissue sections were deparaffinised before staining. All tissue sections
were treated with a 0.5% pepsin solution and adjusted to pH 2.0 with 1 M
HCL to increase penetration of staining reagents, after which they were
treated with peroxidase blocking agent. Staining was done with the
StreptABC Complex/HRP Duet, according to Hsú (Hsú 1981) using a
mouse-derived C. pneumoniae monoclonal generously donated by Dr. Kenneth Persson. The monoclonal was tested against C. trachomatis and did not
stain this closely related organism.

Chlamydophila pneumoniae culture
C. pneumoniae culture involves inoculation of a specimen onto a monolayer
of cultured cells followed by centrifugation to improve cell-to-cell contact.
The cell lines used was Hep-2 cells. After incubation of the culture at 37oC
for three days, the cells were stained with fluorescent-labelled antibody specific to C. pneumoniae to visualise the bacteria. C. pneumoniae has proven
to be difficult to culture. The sensitivity is dependent on proper conditions,
including specimen collection, transport, processing and correct culture procedure.

MMP-9, IL-6 and CRP
Plasma was stored at -70oC until analysis of IL-6, MMP-9 and CRP. Plasma
samples for IL-6 and MMP-9 were analysed on one occasion using Quantikine® analysis kits (R&D Systems, Inc, USA). CRP was analysed on one
occasion using CRP® a-Tina-quant (Roche/Hitachi, Germany).
All plasma specimens were batch-analysed. ELISA-kit specific for human
MMP-9 was used. This analysis recognises the amount of total MMP-9 (pro
and/or active). The minimum detectable dose is 0.156 ng/mL. It has no sig-
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nificant cross-reactivity or interference with other MMP: s (1-3, 7-8, 10, 1213) or TIMP 1-4.
The ELISA-kit assay specific for IL-6 recognises both natural and recombinant human IL-6. The minimum detectable dose of IL-6 is 0.70 pg/mL. The
CRP assay is based on the principle of particle-enhanced immunological
agglutination. The measurement range is 0.1-20 mg/l, with the detection
limit at 0.03 mg/l. All analyses were performed according to the manufacturer´s instructions.

Ultrasonography and Computed tomography
The most experienced staff, preferably the same person at all participating
centers performed US using a standardised technique. The largest anteroposterior (AP) diameter in longitudinal axis measured externally was recorded.
This diameter was compared with the smallest external AP diameter measured in the transverse angle to minimise the influence of angulations and
tortuous AAA. There were repeated contacts during the study period to ensure that US was performed according to protocol. Eight centres used Acuson Sequoia, one used Siemens Elegra and all used a 4 MHz probe.
Sixty-six patients had a CT scan at inclusion and after one year, using a
Siemens Somatom Volume Zoom. Each patient analysis was run using either
three or five mm slices. One experienced person did the volume calculations
using a Siemens Somatom Workstation on one occasion.

Ethics
Paper I
All patients gave oral consent, after they were given information about the
study.

Paper II and IV
All patients gave written consent and the study was approved by the Committee of Ethics of Uppsala University as well as local Ethic Committees,
Dno: 01-349, Health Sciences Ethics Board, University of Alberta, Edmonton, Canada and by the Swedish Medical Products Agency, Dno: 151:1254 /
01. The trial was registered according to the Law of Biological Samples
Record: no 543.
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Paper III
All participants gave their informed consent and the Committee of Ethics of
Umeå University approved the study.

Statistical methods
Paper II
For the purpose of sample size calculation, the standard error of the variable
diameter in mm was estimated to 3 mm and the measuring uncertainty +/- 2
mm (Lederle 1995, Ögren 1996, Singh 1998). This means that the root mean
square error (RMSE) would be approximately 13. The number of measuring occasions was a minimum of four. Correlation among repeated observations was estimated to 0.8. The expected annual expansion rate was assumed
to be 0.26 cm/year (UKSAT 1998, Brady 2004) for the placebo group. With
these assumptions, 100 patients in each group would be sufficient to have a
power of 80% to detect an annual difference of 0.5 mm in expansion rate
between the groups at a significance level of 0.05 (Diggle 1994).
Categorical variables were summarized by percentages and counts and
continuous variables by medians and inter-quartile ranges (IQR). For each
patient with at least two measurements, the average expansion rate of the
AAA diameter was estimated through a linear regression model. The distribution of the estimated slopes was subsequently compared between groups
using the Wilcoxon-Mann-Whitney test. For C. pneumoniae IgA and IgG, an
average change of the Log2-level of the concentration was estimated in a
similar way with a linear regression model for each patient. The number of
patients with decreasing, unchanged or increasing levels was compared between groups using the chi-2 tests.
Although this was an intention to treat study, we excluded and did not
analyse 36 patients (16 in the placebo group and 20 in the active treatment
group) for the following reasons; Firstly, the two groups with excluded patients were almost identical when it comes to reasons why the patients could
not be followed for 18 months (Figure 2).
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Figure 2. Trial profile, paper II

Secondly, the inter-group expansion rates were almost identical (Figure 3).
Those 36 patients would not have changed the results, not even after imputation of values. It is well known that periods of quiescence and periods with
rapid expansion characterises the highly individual expansion pattern of
small AAAs (Figure 4).
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Paper III
Chi-square test (Kendall´s tau-b) was used to measure the associations between AAA and C. pneumoniae antibody titers.

Paper IV
For IL-6, MMP-9 and CRP an average change of the Log-level of the concentration was estimated in a similar manner using a linear regression model
for each patient. The number of patients with either decreasing, unchanged
or increasing levels was summarised. To compare expansion rate of the
AAA with the change in levels of the different markers, Spearman correlation coefficients were calculated from the individually estimated slopes. The
Wilcoxon-Mann-Whitney test was used for comparing expansion rates between groups. Confidence intervals were calculated using the percentile
method on 10 000 bootstrap samples.

Figure 3. Expansion rate per year; solid line represents controls, interrupted line
represents active treatment group.

.
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Figure 4. Expansion pattern in fifty-one patients with a diameter 4 -5.5 cm.
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Results

Paper I
Twenty-one of the 26 aortic samples (Table 4) were positive by IHC for C.
pneumoniae (81%).
Table 4. All patients paper I, (elective+s = patient with symptoms from the AAA)
no sex age IHC
Culture IgA
IgG
PCR Indication Smoking
1 M 68 positive
1/64
1/512 pos
elective+s 13 yrs ago
2 M 81 negative
1/32
1/64
pos
elective
50 yrs ago
3 M 73 positive
acute
4 M 68 positive
1/1024 1/2048 neg
elective
0.5 yrs ago
5 M 76 positive
1/64
1/32
elective
active
6 M 77 positive pos
1/512 1/4096 neg
akute
active
7 M 69 positive pos
1/32
1/1024 neg
elective+s active
8 M 65 positive pos
1/32
1/1024 pos
acute
active
9 M 66 positive
1/32
1/1024
elective+s 20 yrs ago
10 M 67 positive
1/32
1/1024 pos
elective
0.5 yrs ago
11 M 63 negative
1/256 1/2048 neg
elective
30 yrs ago
12 M 67 positive
1/512 1/512 neg
elective
8 yrs ago
13 M 76 negative
acute
14 M 77 negative
1/128 1/1024 neg
elective
28 yrs ago
15 M 77 positive pos
1/32
1/256 neg
elective
active
16 M 75 positive pos
1/32
1/32
elective
never
17 M 77 positive pos
1/64
1/512 neg
acute
never
18 M 77 positive
1/64
1/512
elective
10 yrs ago
19 M 86 positive pos
1/32
1/256
acute
1 yr ago
20 M 67 negative
1/32
1/32
elective
4 yrs ago
21 M 78 positive pos
1/256 1/512 pos
elective+s 8 yrs ago
22 M 80 positive pos
1/256 1/256
elective+s 24 yrs ago
23 F
77 positive
1/32
1/32
elective
never
24 M 82 positive
1/256 1/256
acute
active
25 M 71 positive
1/128 1/1024
elective
20 yrs ago
26 M 80 positive pos
1/4096 1/2948
acute
active

C. pneumoniae was detected with IHC in one of 17 age-matched controls
taken at autopsy on macroscopically non-aneurysmal infra-renal aortas (p<
0.001). C. pneumoniae was cultured on two separate occasions from different aortic tissue portions. None of the specimens negative by IHC was positive in culture. PCR specimens from the throat were positive for C. pneumo35

niae in 5/14 patients. C. pneumoniae infections were detected in 19/21 patients sampled. High titers of specific IgG antibodies (titers > 512) and of
IgA (titers > 64) to C. pneumoniae at the time of operation were found; these
were compared with 178 age and sex matched controls (Table 5).
Table 5. Chlamydophila pneumoniae serology cases and controls
AAA
Controls
N

21

178

Median age

74

70

IgG > 512

16/ 25 (64 %)

47/ 178 (26.4 %)

IgA > 64

14/ 25 (56 %)

55/ 178 (30.9 %)

HLA (Human leukocyte antigen) typing done on twenty-one (20 men, one
woman) of the 26 patients did not reveal any significant differences from a
normal population (n = 300). Three patients had heredity for AAA. Two of
these were brothers (patients no 4 and 26) although, they had different haplotypes.

Comments
Five of 14 were positive for C. pneumoniae by PCR from throat specimens,
indicating that it is a common finding in healthy carriers, and even in patients about to have surgery for AAA. It was noted that patients with no evidence of C. pneumoniae in throat specimens (9/14) had higher anti-C. pneumoniae antbody titers than those who were positive. One confounding factor
is the fact that the throat swabbing was not standardised. This study is still
among the few that reports the detection of viable C. pneumoniae within
aorta. HLA typing was done, but did not reveal any significant differences
from a normal population regarding detected haplotypes (Table 6).
Table 6. HLA frequencies (those different from a normal population).
Haplotype
AAA
Normal
OR
HLA A 3

9/21 (43 %)

59/300 (20 %)

3.1

HLA A 19

7/21 (33 %)

56/300 (19 %)

2.2

HLA A 31

4/21 (19 %)

22/300 (7 %)

5

HLA B 8

2/21 (10 %)

60/300 (20 %)

0.4

HLA B 15

1/21 (5 %)

60/300 (20 %)

0.2

HLA B 57

4/21 (19 %)

20/300 (7 %)

3.3

HLA B 61

1/21 (5 %)

1/300 (0.3 %)

19
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Haplotype

AAA

Normal

OR

HLA B 62

1/21 (5 %)

59/300 (20 %)

0.2

HLA DR 7

5/21 (24 %)

45/300 (15 %)

1.8

HLA DR 10

2 /21 (10 %)

6/300 (2 %)

5.2

DR1+DR5

1/21 (5 %)

4/300 (1 %)

DR1+DR6

2/21 (10 %)

10/300 (3 %)

DR4+DR2

3/21 (14 %)

27/300 (9 %)

DR2+DR2

2/21 (10 %)

14/300 (5 %)

Paper II
Two hundred and fifty-nine patients were invited to participate. Ten patients
declined and two patients could not be included because of chronic renal
failure, leaving 247 patients randomised in a 1:1 proportion in blocks of four
to receive either azithromycin (Azithromax®, Pfizer Inc, USA) 600 mg once
daily for three days and then 600 mg once weekly for 15 weeks, or placebo.
Thirty-four patients were excluded, i.e. could not be followed for 18 months.
Two hundred and thirteen patients could be followed for a minimum of 18
months and 211 patients were measured at least twice (Figure 2). In this
intention-to-treat study patients were followed and analysed as they were
randomised.
No statistically significant differences were found between the groups regarding median expansion rate as measured by US (0.22 cm/year, IQR: 0.09
to 0.34 in the placebo group vs 0.22, IQR: 0.12 to 0.36 in the treatment
group, p = 0.85) (Figure 3 and 5). Volume calculation, i.e. the difference in
median expansion of the volume between 32 patients in the placebo group vs
34 in the treatment group, did not change that outcome: (10.4 cm3/ year in
the placebo group vs 15.9 cm3 /year in the treatment group, p = 0.61) (Figure 6).
Individual expansion rates are shown in Table 7. As seen in Table 8 patients on ASA in combination with statins had significantly lower expansion
rate than those who did not take either preparation. ASA alone seemed to
have more effect in reducing AAA expansion compared with statins alone.
No correlation was found between serological markers for C. pneumoniae
infection and the expansion rate. When comparing the two groups the distributions were similar indicating that there was no difference in changes of
IgA levels over time. However, there was a trend towards more patients with
a reduction in IgG levels from the treatment group as compared with patients
in the placebo group (Table 9).
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Figure 5. Diameter by time, by treatment – All patients.

Figure 6. Difference in median expansion of the volume
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Table 7. Summary of crude individual expansion rates in cm/year. N is the number
of observations, Med is the median and Q1/Q3 are the lower and upper quartiles, pvalues from the Wilcoxon-Mann-Whitney test
Subgroup
N
Q1
Median
Q3
p-value
Treatment
Gender
Age
Smoking
Previous MI

Treatment

105

0.12

0.22

0.36

Control

106

0.01

0.22

0.34

Women

50

0.09

0.19

0.28

Men

161

0.12

0.23

0.37

≤71 yrs

110

0.08

0.20

0.32

>71 yrs

101

0.13

0.23

0.43

No

132

0.08

0.22

0.36

Yes

79

0.12

0.23

0.32

No

146

0.01

0.22

0.33

Yes

65

0.10

0.22

0.38

182

0.09

0.22

0.36

Yes

29

0.14

0.22

0.35

No

203

0.10

0.22

0.35

Yes

8

0.00

0.21

0.36

No

199

0.10

0.22

0.36

Yes

12

0.08

0.20

0.28

No

182

0.10

0.23

0.34

Yes

27

0.08

0.21

0.40

153

0.01

0.22

0.33

Yes

58

0.10

0.26

0.38

No

87

0.09

0.22

0.34

Yes

124

0.10

0.22

0.35

No

127

0.13

0.25

0.39

Yes

84

0.06

0.16

0.32

No

110

0.13

0.26

0.40

Yes

101

0.06

0.18

0.30

Previous Stroke No
Asthma
COPD
Heredity

Prev. Vasc Surg No
Hypertension
Statin
ASA

0.85
0.216
0.118
0.857
0.826
0.638
0.781
0.337
0.831
0.370
0.720
0.008
0.004

Twenty-one patients, eight in the control group and 13 in the active treatment group reported side effects. All in the control group had gastrointestinal side effects and two stopped taking the medication. In the group with
active substance, three stopped taking the study medication; one due to diar-
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rhoea, one due to arthralgia and one had an allergic reaction, which initially
was thought to be caused by study medication, but turned out to be a reaction
to antihypertensive medication.
Table 8. Expansion rates in cm/year in listed groups. N= numbers of patients, Med
is the median and Q1/Q3 are the lower and upper quartiles.
N
Q1
Med
Q3
Neither statins nor ASA

84

0.17

0.27

0.40

Only statins

27

0.08

0.23

0.38

Only ASA

44

0.10

0.19

0.31

Statins and ASA

57

0.04

0.14

0.30

Table 9. Changes in C. pneumoniae antibody-titers correlated to placebo vs active
drug.
Decreasing
Unchanged
Increasing
IgA
IgG

Subgroup

N

(%)

N

(%)

N

(%)

Control

15

(27.3)

32

(58.2)

8

(14.5)

Treatment

17

(28.3)

34

(56.7)

9

(15)

Control

15

(19.2)

55

(70.5)

8

(10.3)

Treatment

22

(26.8)

54

(65.9)

6

(7.3)

Comments
Although antibiotics have been reported to temporarily reduce AAA expansion (Mosorin 2001, Vammen 2001), we could not find any difference in
expansion rate between the groups. Thus, it can be concluded that treatment
with macrolide antibiotics is of no use in altering the expansion rate of small
AAAs. Azithromycin accumulates intracellularly in up to 226 times higher
levels than the external concentration as measured in vitro. It is slowly released from phagocytic cells (Gladue 1989). The Minimum Inhibitory Concentration (MIC) range is reported to be 0.05-0.25 microgram/l (Kuo 1996,
Roblin 1998) and concentrations of azithromycin within atherosclerotic
plaque is reported to be 284 nanogram/ml. It is likely that a standard regimen
of oral azithromycin treatment leads to azithromycin plaque concentrations,
which exerts local antibiotic effects on C. pneumoniae (Schneider 2000).
There are however, no clinical trials available to guide treatment intervals or
length of antibiotic treatment for AAA and it is only possible to read the
earlier studies done with ad hoc decisions and guess at optimal treatment
duration.
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There was a trend for a decrease in IgG levels for the treatment group, but no
change regarding IgA, although reduced IgA titers have been reported after
treatment with azithromycin (Falck 1996). C. pneumoniae IgG remains in
the circulation for years, and the reduction could be due either to azithromycin and/or to the natural course of elimination.
Interestingly, statins and ASA in combination did significantly reduce expansion rate. ASA only had more effect than statins only.

Paper III
No differences in current C. pneumoniae IgA and IgG antibodies titers (p =
0.111 and 0.659), in historical titers (p = 0.449 and 0.228), titer change
(delta) (p = 0.794 and 0.172) were observed between AAA and controls.
82% of the AAA patients had a current C. pneumoniae IgG titer of 1/1024 as
compared to 70% in the control group (Table 10 and 11).
Table 10. Distribution of C. pneumoniae serology, historical and current titers,
patients and controls.
<1/64
1/64
1/256
1/1024
Total
Historical IgG
titers
Historical IgA
titers
Current IgG
titers
Current IgA
titers

AAA
Control
AAA
Control
AAA
Control
AAA
Control

3
8
9
20
3
8
12
30

2
11
10
29
0
7
5
19

7
27
9
34
4
15
13
29

21
54
4
16
33
70
10
22

33
100
32
99
40
100
40
100

All 11 patients with an aortic diameter >4.0 cm had high current C. pneumoniae IgG titers. No significant association between screening detected AAA
and C. pneumoniae antibody titer levels was found. There was no difference
in C. pneumoniae antibody titers between those with and those without an
AAA, indicating that C. pneumoniae antibody titers cannot be used to detect
small AAAs.
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Table 11. Distribution of delta (current – historical titers) for patient with screening
detected AAA and controls.
0
+
Total
Delta IgG
titers
Deltal IgA
titers

AAA

1

24

5

30

Control

8

69

23

100

AAA

5

15

10

30

Control

25

52

22

99

Comments
The fact that such a large proportion of the healthy population demonstrated
an immune response against C. pneumoniae, and that the studied population
was relatively small, are methodological limitations.

Paper IV
The mean annual AAA expansion rate was 0.25 cm. Levels of IL-6 were
unchanged in nine (4.9%) patients, 83 (46%) patients showed a decrease and
90 (49%) an increase. MMP-9 levels were unchanged in two (1%) patients,
112 (57%) showed a decrease and 82 (42%) an increase, and CRP levels
were unchanged in three (1.5%) patients, 106 (54%) showed a decease and
89 (45%) an increase over the six month period (Table 12).
Table 12. Changes in IL-6, MMP-9 and CRP levels over a six-month period.
Decreasing

Unchanged

Increasing

N

(%)

N

(%)

N

(%)

IL-6

83

46

9

5

90

49

MMP-9

112

57

2

1

82

42

CRP

106

54

3

2

89

45

No correlation was found between plasma levels of IL-6, MMP-9 and CRP
and the expansion of small diameter AAAs (Table 13). There were no differences between patients on statin medication vs no statin medication regarding changes in MMP-9 levels over the six-month period studied. No
statistical difference was detected in baseline MMP-9 levels between statin
vs non- statin users, indicating that statin medication does not alter MMP-9
levels in plasma (Table 14).

42

Table 13. Correlation matrix between changes of the size of AAA, MMP-9, CRP and
IL-6. Values below diagonal show the Spearman correlation coefficient and values
above the diagonal the corresponding p-values for the test of no correlation.
AAA
MMP-9
CRP
IL-6
AAA

0.20

MMP-9

0.09

CRP

-0.05

0.17

IL-6

0.02

0.09

0.50

0.77

0.02

0.22
<0.01

0.51

Table 14. MMP-9:1= inclusion values, MMP-9:2 = values at six months, MMP-9:3
= values at one year, N = number of patients, values are q1, Med, q3. (p = 0.38,
Wilcoxon rank sum test)
Statin treatment
N

No

Yes

N=128

N=85

MMP-9:1

208

194

310

442

230

322

485

MMP-9:2

201

165

263

353

216

290

461

MMP-9:3

34

252

362

468

216

222

280

Comments
Others have used in-vitro tissue analysis, whereas we have used peripheral
blood which might explain the contradictory results. AAA develops over
many years and the inflammatory processes does not result in neither classical acute inflammatory signs nor in at least not yet identified marker/markers
that could be used to predict AAA expansion, or other sign than a palpable
mass in the abdomen. The result from this study indicates that plasma levels
of IL-6, MMP-9 and CRP are of no clinical value for identification of AAA
expansion.
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General discussion

Laboratory and diagnostic techniques
Chlamydophila pneumoniae serology (paper I, II, III)
MIF is considered to be the gold standard for detection of antibodies to
Chlamydial species. The methodology used in this thesis has been well established and evaluated in other populations (Falck 1995, Falck 1997,
Gnarpe 1999). The cut-off limits IgG > 512 and IgA > 64, used in paper I,
have previously been shown to be associated with existing chronic infection
(Falck 1995, Falck 1997, Fagerberg 1999). The control population in paper
I had a slightly lower mean age than the AAA population, but this is not
sufficient as an explanation for the significant differences in antibodies
found in the two groups. Antibodies produced as a marker for stimulation of
the immune response are prevalent in patients with chronic infection irrespective of the tissue localisation of the bacterium (Nääs 1999), however,
some patients seem to be unable to produce an antibody response (Grayston
1990). As seen in Table 1, only four studies (Blanchard 2000, Wolski 2002,
Mazur 2004, Falkensammer 2007) have analysed both IgG and IgA, and all
including ours showed a difference between the groups, with higher antibody
titers in patients with AAA compared to controls. An association between
chronic infection with C. pneumoniae and the pathogenesis of AAAs might
therefore be suggested. In paper II, 247 patients were randomised in a prospective double-blind trial, where azithromycin was compared to placebo for
effects on the expansion of small AAA, and to study a possible correlation
between C. pneumoniae antibodies and AAA expansion. Detectable IgA
against C. pneumoniae was found in 115 and detectable IgG against C.
pneumoniae in 160 patients with sera taken at inclusion and six months.
However, no correlation was found between serological markers for C.
pneumoniae infection and the expansion rate. When comparing the two
groups the distributions were similar indicating that there was no difference
in changes of IgA levels over time. The majority of the patients had stable
IgA levels at subsequent visits. There was a trend towards more patients with
a reduction of IgG levels in the treatment group compared with patients in
the placebo group (Table 9). C. pneumoniae IgG remains in the circulation
for years, and this reduction could be due either to azithromycin and/or to
the natural course of elimination. In paper III, we could investigate forty44

two patients with screening-detected AAA compared to 100 age- and sex
matched controls with normal aortic diameters in a population with the hitherto highest prevalence of AAA (Wanhainen 2001). C. pneumoniae IgA and
IgG antibodies were analysed in plasma samples obtained at screening (current), and in samples obtained from a study conducted 5-15 (mean 12) years
previously on the same population (historical). C. pneumoniae antibody
titers (<1/64, 1/64, 1/264, and 1/1024) were analysed with MIF. The aims
were to investigate the association between serological markers for C. pneumoniae and AAA, and if serological markers for C. pneumoniae could be
used to detect small AAA. No differences in current C. pneumoniae IgA and
IgG antibody titers, either in historical titers or in titer change was observed
between AAA and controls. It is unlikely that analysis of additional specimens would have changed the results. In addition, the possible association
between serological markers for C. pneumoniae and the development of
AAA may be questioned in this setting, as some aneurysms may have been
present for some years. Therefore, the analysis could, to some extent, be
interpreted as titer change in expanding small AAAs, however, the results
from paper III, indicate that serological markers for C. pneumoniae cannot
be used to detect small AAA.

MMP-9 analysis (paper IV)
MMPs are a family of endopeptidases that degrade ECM proteins. They are
secreted as pro-MMPs and are activated by a variety of proteinases including
bacterial proteinases. Pro-MMP-9 is secreted by, among other cell types,
monocytes, macrophages and endothelial cells. The regulation of MMP activity is important in tissue remodelling, i.e. inflammation and tumor expansion. At least three different mechanisms help to avoid uncontrolled proteolysis. Firstly, most MMPs are produced de novo only after appropriate signals are recieved requesting synthesis. Secondly, the enzymes are synthesized as precursors that require activation. Finally, general and specific
inhibitors (tissue inhibitors of metalloproteinases, TIMPs) (Birkedal-Hansen
1993) may be present. We used plasma instead of serum levels of MMP-9 to
avoid artificially high levels due to secretion from platelets. Plasma levels of
MMP-9 are not, like serum levels dependent on the temperature and time
between blood sampling and centrifugation (Fujimoto 1994). ELISA tests
can accurately measure the amount of an individual MMP but often do not
distinguish between proenzyme, active enzyme or inhibitor-complexed enzyme. Zymography can separate these different forms due to their difference
in molecular weight. However, TIMPs may have other roles than to directly
inhibit protese activity, and, in addition, it seems that all TIMPs can inhibit
MMP-9 (Gomez 1997). Results from analysis of TIMP levels could therefore be difficult to interpret. In paper IV, we used an ELISA assay to quantify total-MMP-9 in plasma from sampling occasions six months apart. It has
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previously been reported that plasma levels of MMP-9 correlates with the
production of MMP-9 within aneurysm tissue (McMillan 1999, Hovsepian
2000). Five patients in paper IV had a malignant disease, all had a MMP-9
level within the IQR. It has been suggested that other MMPs could be of
importance for tumor pathology, as previously shown in a study by Zucker
et. al. (Zucker 1993).

Ultrasonography and Computed tomography (paper II)
The AAA diameter and its change over time is the basis for clinical and scientific decisions and conclusions. It is therefore of importance to be aware of
the shortcomings and precision of the measurement with US. The reported
visibility of the infrarenal aorta is 97.3-99.9% (Bengtsson 1991, Scott 1991,
Lederle 1997, Boll 1998). In paper II, all aneurysms could be visualised by
US. The explanation might be that this cohort is selected and not a screening-population as referred to in references above. The experience from our
study is that patients with AAAs are quite ordinary when it comes to weight
and height. Women had a mean weight of 68.5 kg (42-100) and a mean
height of 164.6 cm (150-176), and for men 79.6 kg (55-129) and 175.7 cm
(165-197) respectively. This equals a mean BMI of 25.4 for women and 25.7
in BMI for men in our cohort.
The reported inter-observer variability for US is 2.2-7.5 mm in AP diameters and 2.8-15.5 mm in transverse diameters (Bengtsson 1989, Ellis 1991,
Akkersdijk 1994, Lederle 1995, Jaakkola 1996, Singh 1998). Transverse
measurements seem to have a larger variability than AP distance (Ellis 1991,
Wanhainen 2002). Technical improvement over the last two decades has
reduced the variability (Länne 1997). When the largest AP diameter is determined, the accuracy is about + 2 millimetres (Pleumeekers 1998, Singh
1998). In paper II, the largest AP diameter in longitudinal axis measured
externally was recorded. This diameter was, compared with the smallest
external AP diameter measured in the transverse angle to minimise the influence of angulations and tortuous AAA. In addition, to minimise variability,
eight of the nine centers used identical, up to date equipment, with the most
experienced staff performing the measurements. There was no “inter-centre”
difference in expansion rate, indicating homogeneous measurements.
Volume calculation of AAA has emerged as an option in surveillance routines after EVAR. We wanted to investigate if volume calculation of small
AAAs would result in a different conclusion regarding the effect of azithromycin on the expansion rate. There was no significant difference between
the groups, although, there is a more than 50% difference, (10.4 cm3/ year in
the placebo group vs 15.9 cm3/ year in the treatment group), which seems
like a change. In our analysis, we compared the median increase in volume
between the two groups. US techniques seem to be sufficient fot the routine
clinical surveillance of small AAAs.
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Chlamydophila pneumoniae and AAA (paper I and II)
It is difficult to demonstrate a causative relationship between an infectious
agent and a chronic inflammatory process. Many chronic inflammatory diseases have multifactorial etiologies. Microbiologic examination of five hundred aneurysms showed that 37% were positive in bacterial culture, and 80%
of these were identified as normal skin flora (Farkas 1993). A wide variety
of bacteria can be isolated in aortic aneurysms (Marques da Silva 2006).
However, of these C. pneumoniae infection might be regarded as one potential etiological factor in the pathogenesis of AAA. C. pneumoniae has a tendency to persist and cause chronic infections, and has tentatively been linked
to chronic infections; asthma and chronic obstructive pulmonary disease
(COPD) (Miyashita 1998, von Hertzen 1998); atherosclerosis (Saikku 1988,
Kuo 1993); erythema nodosum (Sundelöf 1993) and reactive arthritis (Braun
1994).
Proteolytic degeneration of the aortic wall and chronic inflammation are
considered important in the pathogenesis of AAAs (Koch 1990, Vine 1991).
Experimental studies of elastase-induced aneurysms indicate that inflammatory reaction within the aortic media is crucial for aortic dilatation (Thompson 1995). A human biopsy study has confirmed the association between the
extent of inflammation of the aortic wall and aortic diameter (Freestone
1995). The inflammatory infiltrate, mainly macrophages and lymphocytes, is
located to the adventitia and the outer part of the media in the aneurysm wall
(Anidjar 1992, Willis 1996). In agreement with this, we were able to detect
C. pneumoniae containing cells in these areas in aneurysm wall samples
harvested at surgery (paper I). Abdominal aorta has less dense vasa
vasorum compared with thoracic aorta, and might therefore be more vulnerable to hypoxia (Wolinsky 1969). This could be caused by, for instance,
atherosclerosis or by thrombi within the aorta and its vasa vasorum. An animal study has shown that vasa vasorum are critical for nourishment of aortic
media (Heistad 1981). It is tempting to speculate that C. pneumoniae might
induce the formation of foam-cells, one of the corner stones in the early
atherosclerotic process within aortic vasa vasorum. C. pneumoniae has been
shown to infect and propagate in endothelial cells and in smooth muscle
cells of aorta, causing a chronic persistent infection in macrophages, endothelial cells and smooth muscle cells (Kalayoglu 1998, Leinonen 2002).
Moreover, infection of human endothelial cells with C. pneumoniae results
in stimulation of a wide variety of cytokines, adhesion molecules, chemokines, and proteins with procoagulant activity (Liuba 2000, Summersgill
2000).
Elastin is the principal load-bearing protein allowing compliance and recoil during the cardiac cycle in a normal elastic artery (Dobrin 1978). Relative to luminal surface area, the infrarenal part of aorta has the lowest
amount of both collagen and elastin. Moreover, AAAs seem to have an in47

creased collagen synthesis, and an enhanced degeneration of elastin compared to normal aorta (Menashi 1987). Degradation of elastin and increased
synthesis of collagen are recognised as key elements in aneurysm formation
(Cohen 1993). Petersen et. al. (Petersen 2001) reported a relationship between the presence of C. pneumoniae and increased elastin degradation in
the aortic wall in vitro, suggesting that C. pneumoniae in the aortic wall directly or indirectly leads to the degradation of aortic elastin. Elastin degration products exert potentially harmful effects; monocyte chemotaxis (Uemura 1997), production of elastase and MMP (Cohen 1992, Brassart 1998),
release of free radicals and LDL oxidation (Fulöp 1998), all of which can
cause a vicious cycle of inflammation and tissue damage. Most AAA operated on contain intraluminal thrombi. The presence and thickness of the
thrombi have been associated with expansion and rupture. The aneurysm
wall underlying the thrombus is thinner and shows more proteolytic degradation than aneurysm wall not covered with a thrombus (Swedenborg 2006).
In paper I, where a late stage of the disease was studied, we reported the
detection of C. pneumoniae in a majority of patients with AAA undergoing
surgery. In addition, viable C. pneumoniae were isolated from 10/21 IHC
positive aneurysm samples. This is in agreement with 13 studies that report
the presence of either C. pneumoniae or its antigens in 35-100% of AAA
specimens. Seven of those studies had controls (Ong 1996, Juvonen 1997,
Petersen 1998, Pupka 2004, Sodeck 2004, Cheuk 2005, Falkensammer 2007)
and of those, five reporting detection of C. pneumoniae in AAA showed a
higher prevalence in AAAs than in controls (Table 2). The inflammation
within the aneurysm wall has a patchy appearance; therefore, tissue samples
for analysis of pathology in AAA should be large enough to include inflammatory regions.
It is unlikely that C. pneumoniae is an innocent bystander, since metabolically inactive or killed organisms are eliminated from the system, as opposed to actively growing C. pneumoniae. A high proportion of these study
patients had high specific IgG and/or IgA antibody titers, which could reflect
chronic infection (Falck 1995, Strachan 1999, Hahn 2000).Our cohort had
significantly higher antibody titers than 178 age and sex matched controls. It
is probable that some patients in the control group may have had an AAA
since no diagnostic examination was done to evaluate this, and this possible
confounding factor could obscure the difference between the groups. The
finding of C. pneumoniae in the throat did not have a direct relationship with
the finding of bacteria in the aortic wall. Similar findings have been found in
patients with acute MI, where throat carriage was not related to cardiovascular events (Gabriel 1998).
A genetic element has been suggested to be involved in the etiology of
AAA (Clifton 1977, Sandford 2007), and it has been suggested that there
may be a dominance of certain HLA antigens in these patients (Tilson 1996,
Hirose 1998, Rasmussen 2001). HLA typing done on 21/26 patients pre48

sented in paper I did not reveal any significant differences from a normal
population regarding detected haplotypes (Table 6). Two brothers included
had different haplotypes, indicating that these genetic markers were not of
importance in our cohort. Some suggest that HLA antigens may not be as
strongly associated with AAA as previously considered (Badger 2007).
AAA patients usually have more features of autoimmunity: organ specificity, chronic inflammation, and infiltration of oligoclonal T-cells. Immunohistochemical reactivity to sections of normal aorta has been reported with immunoglobulin G (IgG) extracted from AAA tissues (Gregory 1996), and in
addition, the innate immune system seems to play a pivotal role in the immune-mediated pathology of AAA. Two of the components in the inflammatory infiltrate in AAAs, macrophages (Sakalihasan 1996, Curci 1998) and
mast cells (Tsuruda 2008, Märyänpää 2009), are sources of proteases and
pro-inflammatory mediators as cytokines. In addition, macrophages act as
antigen-presenting cells (APCs), thus promoting or sustaining T-cell proliferation and effector function. Interestingly, the presence of C. pneumoniae
specific T-lymphocytes in vivo from AAA tissue was reported by Halme et.
al. (Halme 1999). C. pneumoniae can infect and propagate in endothelial
cells and smooth muscle cells of aorta (Gaydos 1996). A chronic persistent
infection in macrophages, endothelial cells and smooth muscle cells can
result in increased cytokine levels, and probably also in immune complex
deposition, leading to a collection of lipids, macrophages and thrombi. Human heat shock protein 60 (Hsp 60) is associated with atherosclerosis, and
can provoke an autoimmune reaction probably via antigenic mimicry (Schett
1995, Bachmaier 1999). Chlamydial Hsp 60 has close homology with, and
co-localises with human Hsp 60 in macrophages, stimulating enhanced production of MMP-9, an enzyme of vital importance in AAA pathogenesis
(Willis 1996). Recently, the detection of Chlamydial lipopolysaccharide
(cLPS) in AAA tissue was reported (Vikatmaa 2009), suggesting the presence of C. pneumoniae in diseased aortic tissue and its possible role in triggering inflammation.
C. pneumoniae can escape the immune response within the host via different mechanisms. Firstly, several studies indicate that when C. pneumoniae
comes into contact with agents such as tobacco smoke, antibiotics or cytokines, a persistent phase characterised by the inhibition of productive infection, reduced bacterial cell division, and formation of aberrant bodies is entered (Gieffers 2004a, Wiedeman 2004). Secondly, C. pneumoniae can survive, be metabolically active and multiply within phagocytes via modification of metabolic pathways within eukaryotic cells (Gaydos 1996, Airenne
1999, Al-Younes 1999). Thus, the innate immune system may not be sufficient for the elimination of C. pneumoniae. Thirdly, evasion of T-cell recognition includes suppression of MHC expression on human monocytes
(Zhong 1999, Caspar-Bauguil 2000, Fan 2002). Fourthly, apoptosis of the
infected cell is a common response to microbial activity. Chlamydia pos49

sesses anti-apoptotic activity for evasion from cytotoxic T-cells (Fan 1998,
Fling 2001, Fischer 2004).
In paper II, where we aimed to evaluate the effect of azithromycin on the
expansion rate of small AAAs, 213 patients could be followed for a minimum of 18 months, and 211 patients were measured at least twice (Figure
2). Although antibiotics have been reported to temporarily reduce AAA expansion (Mosorin 2001, Vammen 2001) we could not find any difference in
expansion rate between the groups. Vammen et. al. (Vammen 2001) used
roxithromycin, a macrolide with the same effect on C. pneumoniae as
azithromycin. Azithromycin achieves high tissue concentrations, has a long
half-life and is well tolerated by patients (Gladue 1989, Schneider 2000,
Contopoulos-Ioannidis 2001). Azithromycin may also exert antiinflammatory activities (Parchure 2002), and a reduction of C. pneumoniae
IgA titers after treatment with azithromycin has been reported (Falck 1996).
Although doxycycline has effect on C. pneumoniae infections, unlike
azithromycin doxycycline inhibits MMP-9, an effect that we wanted to avoid
as a confounding factor. Interestingly, rapamycin, a potent immunosuppressor, reduces expansion rate in experimental AAAs in a rat model (Lawrence
2004), underscoring the importance of inflammation in AAA disease. Such
drug could, however, elicit side effects and demand careful survelliance.
There are no recommendations for antibiotic treatment in AAA, and there
are no clinical trials available to guide treatment intervals or length of treatment. It is only possible to use the previous studies performed with ad hoc
decisions regarding treatment length. We did use a higher dose of antibiotic
and a 12 times longer treatment period compared to the recommendations for
community-acquired pneumonia. As discussed above, we believe that the
choice of our treatment regime was reasonable. The inflammatory reaction
and subsequent aneurysmal formation might already have been initiated
earlier, before C. pneumoniae entered a dormant, persistent phase (Gieffers
2004a, Wiedeman 2004).
Somewhat surprisingly, we could not detect any statistical difference in
expansion rate between smokers and non-smokers (Table 7). The percentage
of smokers (37% in both groups) was similar to the numbers reported in
UKSAT (UKSAT 1998). MacSweeney et. al. (MacSweeney 1994) reported
a significant difference in expansion rate between smokers vs non-smokers.
In that study, 43 patients were followed and the difference in annual expansion rate was calculated to be 0.07 cm. Our result was based on 40 patients/group, and is at odds with prior studies (Lindholt 2001, Brady 2004).
However, we did not use urine-cotinine levels to confirm smoking, which
was a drawback in our study. Studies have reported female gender as an
independent risk factor of expansion rate (Solberg 2005, Mofidi 2007), but
we could not, in agreement with Brady et. al. (Brady 2004), confirm that
finding. Even though there might be no difference in expansion rate between
men and women, women seem to have worse outcome (Katz 1997, Hultgren
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2007, Norman 2007) after surgery for AAA. In addition, rupture appears to
occur at smaller diameters in women (Brown 1999).

Inflammation and AAA (paper II and IV)
In paper IV, we wanted to examine a possible correlation between circulating levels of IL-6, MMP-9 and CRP, all markers of inflammation, and expansion of small AAA over a six-month period. As there was no statistical
difference in expansion rate of the AAAs between the groups, the distributions being almost identical, regardless azithromycin or placebo, all 213
patients in paper II were included as one cohort in paper IV (Figure 3 and
Table 15).
Table 15. Changes in IL-6, MMP-9 and CRP levels over a six-month period.
Decreasing

Unchanged

N

(%)

N

(%)

N

(%)

83

46

9

5

90

49

Placebo

43

48

3

3.4

43

48

Azithromycin

40

43

6

6.5

47

50

112

57

2

1

82

42

Placebo

50

53

1

1.1

43

46

Azithromycin

62

61

1

1.0

39

38

106

54

3

2

89

45

Placebo

52

54

0

0

45

46

Azithromycin

54

54

3

3

44

44

IL-6

MMP9

CRP

Increasing

IL-6, MMP-9 and CRP have all been associated with AAA pathogenesis.
Circulating IL-6, MMP-9 and CRP have been detected in significantly
higher concentrations in AAA patients compared to patients with either
coronary heart disease or in healthy controls (Powell 1987, Juvonen 1997,
McMillan 1999, Hovsepian 2000, Wanhainen 2005). Patients detected with
early aortic dilatation may have increased serum levels of IL-6 (Rohde
1999), indicating that inflammation might be of importance in early AAA
formation. IL-6 is found in high concentrations in aneurysmal wall biopsies
(Szekanecz 1994, Middleton 2007) and AAA seems to be a source of circulating IL-6 (Jones 2001). However, Jones et. al. could not detect any association between IL-6 levels and expansion rate. IL-6 might be associated with
AAA size (Flondell-Sité 2009). Furthermore, IL-6 has a central role in the
acute-phase response stimulating the elevation of MMP-9 and CRP, and in
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the activation of B- and T-lymphocytes. Organ culture studies suggest that
aneurysmal tissue is the source of MMP-9 (Thompson 1995, Patel 1996,
Yamashita 2001). A number of studies show an association between expansion of AAAs and MMP-9 levels, and indicate that larger aneurysms have
higher levels of MMP-9 compared to smaller AAAs (Freestone 1995,
McMillan 1997, Lindholt 2000, Papalambros 2003). There may be a difference in MMP-9 activity between males and females, with lower activity in
females, supporting gender related differences in AAA formation as demonstrated in an experimental AAA-model (Woodrum 2005).
CRP has emerged as a risk factor for atherosclerosis and its progression
(Ridker 1997, Lagrand 1999, Tzoulaki 2005). CRP might be, at least in some
patients, produced by aneurysmal and atherosclerotic tissue, i.e. macrophages and smooth muscle cells, underscoring the inflammatory nature of
AAA (Yasojima 2001, Vainas 2003). Undoubtedly, patients with AAA have
higher levels of IL-6, MMP-9 and CRP than patients with either AOD, coronary heart disease, or in healthy volunteers, indicating an ongoing inflammatory process in patients with AAA. We could not, however, detect a correlation between levels of circulating IL-6, MMP-9, CRP and the expansion of
small AAAs. This could have several explanations; the inflammation is persistent or low active, i.e. no dramatic changes over time, or the process might
be “cold”, secondary to hypoxia and not release enough of IL-6, MMP-9 nor
CRP into the circulation to reflect AAA expansion. Others have used in vitro
tissue analysis, or analysis of blood sampled only on one occasion, whereas
we have used peripheral blood sampled on two occasions, which might explain the contradictory results. Our results are based on a very short period
of time in the development and expansion of AAA, yet one might have anticipated an trend towards higher levels of the parameters studied as a reflection of inflammatory activity as the AAAs expand. We did not find any pattern where larger aneurysms had higher levels of inflammatory mediators
than smaller AAA, or that “fast expanders” showed increasing levels.
Statins in combination with ASA are commonly used for prevention in
cardiovascular events, and patients with an AAA have a high prevalence of
coronary heart disease (Sukhija 2004). Statins suppress the expansion of
AAA (Schouten 2006, Evans 2007, Schlösser 2008) via inhibition of MMP9, and may also suppress the development of experimental AAA (Kalyanasundaram 2006). Interestingly, in a subgroup analysis in paper II we
found that patients on statins had a lower expansion rate than those who
were not: (0.16 vs 0.25 cm/year, p-value: 0.008) (Table 7). However, we
could not detect any correlation between the use of statins and levels of
MMP-9 in plasma (paper IV and Table 14). No statistical difference was
detected in baseline MMP-9 levels between statin vs non-statin users, indicating that statin medications do not alter MMP-9 levels in plasma (Table
14). We found that patients taking ASA had lower expansion rates than those
not taking ASA (0.18 vs 0.26 cm/year, p-value: 0.004) (Table 7), underscor52

ing the role of inflammation in AAA development and expansion. Similar to
indomethacin, another non-steroidal anti-inflammatory drug, ASA inhibits
cyclooxygenase-2 (Cox-2) and thereby decreases the expression of prostaglandin E2, known to regulate the expression of MMP-9 and other mediators in the inflammatory response. In addition, like ASA, indomethacin inhibits expansion of AAA (Miralles 1999, Walton 1999).
In addition, further analysis demonstrated that patients taking statins in
combination with ASA had significantly reduced expansion rate compared to
patients who did not take statins or ASA, 0.14 cm/ year vs 0.27 cm/ year, p <
0.001 (Table 8). Statins and ASA have different anti-inflammatory properties, which might explain the additative effect shown in this study, although
ASA might be more effective than statins (Table 8).
To summarise; viable C. pneumoniae is found at the scene of the crime,
but we were unable to reverse or halt expansion of AAA with antibiotic
treatment. Drugs with anti-inflammatory effect alter the expansion rate in
small AAA, this suggests that inflammation is important in AAA pathogenesis, however the cause of the inflammation can only be inferred.
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Conclusions

Viable C. pneumoniae is often present in abdominal aortic aneurysms operated on.
Azithromycin did not have any effect on the expansion rate of small abdominal aortic aneurysms. Thus, macrolide treatment cannot be used to inhibit the expansion of abdominal aortic aneurysms.
No correlation was found between serological markers for C. pneumoniae
and AAA expansion, indicating no clinical relevance for C. pneumoniae
serology in AAA surveillance.
Serological markers for C. pneumoniae cannot be used to detect small AAA.
No significant association between screening detected AAA and C. pneumoniae antibody titre levels was found.
No correlation between levels of circulating IL-6, MMP-9, CRP and the
expansion of small AAAs was found, indicating no clinical value for these
markers in AAA surveillance.
From a clinical point of view, based on the methods and analyses used in this
thesis, the role of C. pneumoniae in the inflammatory response and expansion of abdominal aortic aneurysms is limited.
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Future perspectives

C. pneumoniae is associated with AAA. It is however, tempting to speculate
that certain strains of C. pneumoniae might be involved in the pathogenesis
of AAA, being more virulent and induce a stronger inflammatory response.
This could explain why only a few persons exposed to C. pneumoniae develop AAA. Future studies might therefore include some of the following
aims;
To determine whether or not there are differences between strains of C.
pneumoniae found in aneurysms as compared to other sites and whether
strains found in rapidly expanding aneurysms are different from those in
aneurysms not demonstrating rapid expansion.
To identify markers associated with C. pneumoniae infection including antiheat shock protein, sub-classes of IgG, MMP-2 and MMP-9.
To isolate C. pneumoniae from aneurysms, to determine whether or not there
is a difference in susceptibility for anti-inflammatory drugs and antibiotics
using isolates of C. pneumoniae from aneurysms and respiratory tract isolates.
To determine concentration of azithromycin in AAA tissue sampled at open
surgery.
To further characterise the inflammatory infiltrate found in AAA patients
with rupture to identify cell types infected with C. pneumoniae.
The goal of these investigations would be to identify patients who can most
benefit by antibiotic and anti-inflammatory treatment and thus avoid surgery
and/or rupture.
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Populärvetenskaplig sammanfattning
(Summary in Swedish)

Pulsåderbråck (abdominellt aorta aneurysm, AAA) är en sjuklig, lokaliserad
vidgning av stora kroppspulsådern i buken. Normalt är diametern på aortan i
buken cirka 2 cm, men när aortan är 3 cm eller mer i diameter har man ett
aneurysm. AAA är en relativt vanlig sjukdom. Man räknar med att cirka 5 %
av alla män över 65 års ålder har ett pulsåderbråck. Motsvarande siffra för
kvinnor är ungefär 1 %. Sjukdomen är ovanlig före 55 års ålder. Pulsåderbråcket utvecklas långsamt och upptäcks oftast av en slump eller i screeningprogram. Rökning, hög ålder, manligt kön och ärftlighet är faktorer som
sannolikt är av betydelse för att utveckla ett AAA. Efter upptäckten följer
man bråckets utveckling med regelbundna ultraljudsundersökningar till dess
bråcket blir 5,5 cm eller större i diameter. Man brukar då diskutera/rekommendera operation, antingen som en ”öppen” operation, där man
ersätter den sjuka delen av kroppspulsådern med en konstgjord kärlprotes,
eller att man via ljumskarna lägger in en metallförstärkt kärlprotes på insidan
av kroppspulsådern. För kvinnor brukar operation diskuteras då aneurysmets
diameter är 5 cm. Man vet att AAA hos kvinnor kan spricka vid en mindre
diameter än hos män. Operationen görs alltså för att undvika att patientens
AAA ska brista. Dödligheten vid en sådan bristning är cirka 80 %.
Genom studier vet man idag att förutom förkalkning i bråckväggen finns
det rikligt med vita blodkroppar som tyder på en inflammatorisk reaktion i
kärlväggen. De vita blodkropparna har förmågan att ge ifrån sig de ämnen
som gör att kärlväggen försvagas och blir till ett bråck. I ett flertal studier har
man påvisat bakterien Chlamydophila pneumoniae (C. pneumoniae) i pulsåderbråck hos personer som opererats för AAA. Bakterien benämndes förr
TWAR och Chlamydia pneumoniae. Kännetecknande är att den är lågvirulent, det vill säga ger milda symtom, som vid en vanlig förkylning och behandlas därför sällan med antibiotika. Detta kan bidra till att C. pneumoniae
skulle kunna initiera en kronisk inflammation som ses vid exempelvis AAA.
Infektioner med C. pneumoniae uppträder i vågor med två till tre års mellanrum. Man räknar med att ca 50 % av vuxna någon gång har haft en C. pneumoniae infektion. C. pneumoniae är den tredje vanligaste orsaken till samhällsförvärvad lunginflammation.
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Den övergripande frågeställningen i denna avhandling var att värdera den
möjliga roll som C. pneumoniae har i den inflammatoriska reaktionen och
expansionen av AAA från en klinisk synvinkel.

Delarbete I
I delarbete I, kunde vi i ett material på 26 patienter som opererades för AAA
påvisa C. pneumoniae i vävnadsprover från åderbråcken i 80 % av fallen
med en metod som använder specifika antikroppar mot C. pneumoniae. Vi
kunde också odla fram C. pneumoniae i dessa vävnadsprover hos 10 av de
26 patienterna. Det kunde också visas att patienter med AAA har högre antikroppsnivåer mot C. pneumoniae än i en åldersmatchad kontrollgrupp vilket
antyder en pågående eller kronisk infektion. Detta antyder att kronisk infektion med C. pneumoniae sannolikt kan vara av betydelse för utvecklingen av
AAA.

Delarbete II
I delarbete II undersökte vi om en behandlingsperiod med ett antibiotikum
med dokumenterad effekt på C. pneumoniae kunde hämma tillväxten av små
AAA (3.5-5 cm). Vi analyserade också om det fanns något samband mellan
tillväxten av pulsåderbråcken och nivåer av antikroppar mot C. pneumoniae
mätta i blodprov. Totalt kunde 211 personer följas med ultraljudsundersökning var 6: e månad i 18-36 månader. 106 personer fick azitromycin och 105
personer fick s.k. placebo (sockerpiller) under en fyra månaders period. Den
årliga mediantillväxten var lika (0.22 cm) i båda grupperna. Vi kunde inte
heller påvisa något samband mellan antikroppsnivåer mot C. pneumoniae
och tillväxten av pulsåderbråcken. Däremot fann vi att acetylsalisylsyra och
en speciell läkemedelsgrupp mot höga blodfetter (statiner) hade en statistiskt
säkerställd hämmande effekt på tillväxten.

Delarbete III
I delarbete III studerades i en population med världens högsta förekomst av
AAA om nivåer av antikroppar mot C. pneumoniae, tagna vid två tillfällen,
med i medeltid 12 års mellanrum, kan användas för att upptäcka små AAA.
Och om dessa nivåer skiljer sig mellan personer som under en i medeltid 12årsperiod utvecklat ett pulsåderbråck visavi de som inte utvecklat något
AAA. Det kunde inte påvisas någon skillnad i nivåer av antikroppar mot C.
pneumoniae mellan de två grupperna.
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Delarbete IV
I delarbete IV tog vi fasta på det faktum att inflammatoriska celler finns i,
och sannolikt påverkar förloppet av pulsåderbråck. Med blodprover tagna
med sex månaders mellanrum från patienter med AAA analyserades tre olika
markörer för inflammation. Det kunde inte påvisas något samband mellan
tillväxt av AAA och nivåer i blod av någon av de tre markörerna. Detta motsäger inte att inflammation kan vara av betydelse för tillväxten av små AAA,
men man kan inte använda dessa markörer för att följa tillväxten av AAA.
Ultraljudsundersökning är den enklaste och skonsammaste undersökningen
för att följa utvecklingen av små AAA.

Sammanfattning
Vi kunde påvisa C. pneumoniae i majoriteten av pulsåderbråck som opererades under en 10 månaders period vid Gävle sjukhus. Däremot kunde det inte
påvisas någon hämmande effekt på tillväxten av aortaaneurysm med det
antibiotikum som provades i en randomiserad prospektiv dubbel-blind studie
med 247 patienter. Inte heller sågs något samband mellan nivåer av C.
pneumoniae antikroppar, eller de inflammatoriska markörer vi analyserade
och tillväxt av små AAA. Vidare kunde det konstateras att C. pneumoniae
antikroppar inte kan användas som indikator på om en person har ett pulsåderbråck eller inte. Däremot fann vi att acetylsalisylsyra och en speciell
läkemedelsgrupp mot höga blodfetter (statiner) hade en statistiskt säkerställd
effekt på tillväxten av aorta aneurysm. Båda dessa läkemedel har en antiinflammatorisk effekt, vilket stöder teorin om att inflammation är av betydelse
för utvecklingen och tillväxten av AAA. Ur klinisk synpunkt har C. pneumoniae ringa betydelse vid handhavandet av AAA i det dagliga kärlkirurgiska arbetet.
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