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13  • Pharmacological Treatment of Aneurysms
Matthew thoMpson, Janet t powell

st George’s hospital, london, UK.

BaCKGRoUnD

abdominal aortic aneurysms (aaas) are 
present in 5 to 10% of men over the age 
of 65, and elective surgical intervention has 
long been the mainstay of treatment. there 
is widespread consensus that operative 
repair is the treatment of choice in larger 
aaas, where the risk of rupture increases 
with the size of the aneurysm. however, 
even elective operations carry a significant 
mortality risk, and the UK small aneurysm 
trial has shown that for smaller aneurysms 
(between 4 and 5.5cm) there is no difference 
in outcome between operation and no 
intervention. Currently such patients are 
treated with best medical therapy, but there 
has been considerable research into finding 
a pharmacological treatment to prevent 
aneurysm expansion and rupture.

sCReeninG pRoGRaMMes

a major obstacle to the prevention of 
mortality and morbidity associated with 
aneurysms has been the fact that the majority 
are asymptomatic, and therefore often remain 
undetected. abdominal aortic aneurysms 
have tended to present either as emergencies 
or as a result of their increasing size, and it has 
been shown that larger aneurysms grow more 

rapidly than their smaller counterparts and 
are at greater risk of rupture.3 these patients 
would therefore benefit most from operative 
repair rather than medical intervention. in 
order for a medical treatment to be of benefit, 
it needs to be targeted at aneurysms that are 
small and asymptomatic. the most obvious 
way of doing this would be the initiation of 
a mass screening programme, and indeed, 
the Multicentre aneurysm screening study 
(Mass)1 has shown that as many as 88% 
of screen-detected aneurysms are below the 
threshold for surgery.

the introduction of screening pro-
grammes will identify a large population of 
patients with small aortic aneurysms that 
are at present untreated. the concept of 
pharmacotherapy for aaas has evolved over 
the past decade, to encompass a medi cal 
treatment for aneurysms. pharmacotherapy 
aims to reduce the expansion and rupture 
rate of aortic aneurysms by modifying 
aortic wall biology. a pharmacotherapeutic 
approach might be used to reduce the 
expansion rate of small, screen detected, 
abdominal aneurysms, and therefore  
reduce the proportion of patients requir-
ing surgery. alternatively, effective drug 
treatment might be able to reduce rupture 
rates in patients with large aneurysms 
unsuitable for aneurysm repair. applications 
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to endovascular aneurysm repair have yet to 
be explored.2

pathophysioloGy

abdominal aortic aneurysms have long been 
known to be associated with increasing age, 
male gender, cigarette smoking, chronic 
lung disease, hypertension and genetic 
factors. Despite the fact that most of these 
risk factors are shared with patients with 
atherosclerosis, aneurysmal disease appears 
to be a separate entity. Diabetes is a strong 
risk factor for developing atherosclerosis 
but not for aaas. the genetic component 
of aneurysm aetiology is not fully defined 
at present, but may be due to inborn errors 
of the connective tissue matrix, such as 
mutation of the Col3a1 gene coding for 
the a chain of type 3 collagen. information 
from gene wide association studies is awaited 
to further inform the genetic basis of aaa.

the detailed pathophysiology of the 
developing and expanding aneurysm has 
been covered in Chapter 12. abdominal 
aortic aneurysms are characterised by several 
inter-related processes; degradation of the 
extracellular matrix, excessive proteolysis, 
apoptosis, oxidative stress, angiogenesis and 
widespread inflammation. 

an approach to developing a suitable 
pharmacotherapy may be considered from 
one of two perspectives. Firstly, the drug may 
be targeted to one of the specific processes 
that have been shown to influence aneurysm 
development. the second approach hinges 
on newer theories about the nature of arterial 
disease. increasingly it has been recognised 
that arterial disease is neither a matter of 
simple deranged lipid metabolism or of 
isolated local mechanical effects. the current 
belief is that arterial disease represents a 
low-grade systemic inflammation, which 
can therefore manifest itself at any point – 
coronary, carotid, aneurysmal or peripheral 

vascular disease. the oxford heart protection 
study has shown that generalised treatment 
of arteriopathic patients with statin therapy 
can reduce their chance of undergoing major 
adverse events including aaa rupture, 
regardless of their initial cholesterol level. 

the majority of agents proposed to 
alter aneurysm expansion have been tested 
in animal models of aneurysm disease, 
and consequently there has been the 
typical disconnect between findings in  
the experimental situation and application 
to clinical practice. it must be remembered 
that humans show a great redundancy of 
biological processes that suggests that any 
effective pharmacotherapeutic agent must 
have pleiotropic actions. the next section 
of this chapter will concentrate on agents 
that have been tested in – albeit small 
scale – clinical trials. the final section  
will examine novel therapeutic approaches 
that have not yet been evaluated  
clinically.

theRapeUtiC stRateGies

Beta blockade

hypertension has been associated with 
aaas, and investigations have shown that 
hypertension increases the development of 
aneurysms in the anidjar/Dobrin rat model. 

since beta-blockers have been used  
successfully in the treatment of hyper-
tension, it was not unreasonable to 
investigate the effect of beta-blockade on 
aneurysm expansion, as these agents have 
been shown to slow aneurysm progression  
in both experimental models and retro-
spective studies of patients with aaas. 
initially this was thought to be purely due 
to the drugs’ effects on blood pressure, but 
there is considerable evidence to support 
the theory that beta-blockers may exert any 
beneficial effects on aaas through enhancing 
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the cross linkage of elastin molecules, making 
them less prone to degradation.

a randomised clinical trial was instigated by 
the propanolol aneurysm trial investigators 
and reported in January 2002.3 548 patients 
with asymptomatic aneurysms between 3 and 
5cm in diameter were randomised to receive 
either placebo (n = 272) or propanolol 
(n = 276) and were followed for a mean of 
2.5 years. the primary criterion was the 
mean growth rate of the aneurysm. there 
was no significant difference in the growth 
rates of the two groups, although there was 
a trend towards more elective operations in 
the placebo group. there was no difference 
in death rates, but patients in the treatment 
arm of the study reported a poorer quality of 
life, and more of this group stopped taking 
their medication.

in this robust study it was clear that 
propanolol has little, if any, effect on the 
growth rate of aaas. subsequent studies of 
other beta-blockers have suggested that beta-
blockade has little effect on the growth rate 
of aaa.4

Modification of the inflammatory 
response

with considerable evidence to support the 
theory that aneurysm expansion and rupture 
are both mediated by the immune system, it 
is unsurprising that there has been interest 
in modifying this response as a means of 
attenuating growth.

in the rat elastase perfusion model of 
aaa, the effect of treating experimental 
aneurysms with powerful immunosupression 
was tested. at nine days post infusion, a 
significant difference in the diameters of 
the aortas was observed, with the control 
group having expanded to approximately 
three times their pre-infusion size, but the 
treatment groups only grew to around twice 
their original size. these findings indicate 

that, at least in this experimental model, 
preventing the infiltration of inflammatory 
cells could halt the main spurt of aneurysm 
growth. similar results were seen by Ricci 
et al when using a monoclonal antibody 
against the macrophage adhesion molecule 
CD-18.5

the one constant factor in these 
experiments on immune-modification has 
been that the compounds used have been 
unacceptable as clinical treatment strategies 
due to their wide range of action and many 
side effects. 

Non steroidal anti-inflammatories
indomethacin is a powerful anti-inflam-
matory drug that has been investigated both  
in the rodent elastase model and in human 
aortic aneurysmal tissue. indomethacin 
reduced both aneurysm growth and MMp-9  
activity in the rat and the levels of prostaglandin 
e2 (pGe-2), interleukin 1 beta (il-1β and 
interleukin 6 (il-6) in human tissue. 

in a retrospective analysis of the large 
group of patients in the UK small aneurysm 
trial, indomethacin was also shown to inhibit 
aneurysm growth in vivo.6 the trial was 
not designed for this purpose and was the 
result of sub-group analysis, so further trials 
would be required. there is preliminary 
evidence that non-selective CoX inhibition 
by indomethacin prevents aneurysm growth, 
but the side effects of this treatment on the 
gastrointestinal, renal and hepatic systems 
are well known. 

Matrix metalloproteinase (MMP) 
inhibition

Many observers have noted an imbalance 
between MMps and their naturally occurring  
inhibitors (tiMps) in aortic disease, and 
one of the modes of action of indomethacin 
is to reduce the activity of matrix 
metalloproteinases. Many other compounds 
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have also been investigated for their anti-
MMp properties and most have been 
effective in the experimental setting.

tetracyclines have long been known 
to prevent connective tissue breakdown 
by their inhibitory effect on MMps 
and several experimental studies have 
suggested that doxycycline reduced the 
growth of degenerative aneurysms and 
suppressed MMp-9 production in the 
rat elastase model. in a clinical trial, 
preoperative treatment with doxycycline 
caused a reduction in both the expression 
of macrophage MMp-9 mRna and the 
activity of MMp-2 in aneurysm tissue.7 
also, a small double-blinded, randomised 
and placebo controlled pilot study from 
Finland has shown that treatment with 
doxycycline for a three month period 
significantly reduced the rate of aneurysm 
growth in a cohort of patients as measured 
by serial ultrasound scans.8 at six months, 
there was also a significant reduction in 
the serum C-reactive protein levels of the 
treatment group. although the sample size 
was small and preoperative confounding 
effects are not taken into consideration, 
this trial has provided evidence to support 
further research into this area. in recent 
years a clinical trial has demonstrated 
that administration of doxycycline can 
produce a profound but selective effect 
on vascular inflammation that reduces 
aortic wall neutrophil and cytotoxic t-cell 
content.9 additionally a clinical trial of 
doxycycline after endovascular aneurysm 
repair demonstrated that patients treated 
with doxycycline exhibited greater 
decreases in maximum aortic diameter and 
significantly reduced aortic neck dilatation 
at 6 months.10 large-scale clinical trials of 
this agent appear warranted.

Anti-chlamydial therapy

the hypothesis that atherosclerosis may  
have an infective aetiology is not new, and 
it is clear that aaas and atherosclerosis 
share some of the same risk factors. these 
associations were the rationale for clinical 
trials of anti-chlamydial therapy for aaa.

one RCt examined the effect of 
roxithromycin on aneurysm growth.11 
patients with small aneurysms were given 
either roxithromycin or placebo for four 
weeks, and subsequently followed up for a 
mean of 1.5 years. once adjustments had 
been made for smoking, blood pressure and 
iga, there was a significant difference in 
aneurysm growth between treatment and 
placebo groups.

DRUGs aCtinG on the Renin/
anGiotensin aXis

in 1998 a French group reported the effects 
of angiotensin converting enzyme (aCe) 
inhibitors and angiotensin ii antagonists 
in a strain of rat prone to rupture of the 
internal elastic lamina of the aorta. to 
ensure any beneficial effects were not due to 
the antihypertensive properties of the drugs, 
they were compared to hydralazine and two 
calcium channel antagonists. Both aCe 
inhibitor and angiotensin ii antagonists 
prevented rupture of the internal elastic 
lamina, suggesting this was due to the effect 
on angiotensin ii and not on another part of 
the renin/angiotensin system. 

in recent years there has been some 
intriguing, and contrasting clinical evidence 
regarding aCe inhibition in aaa. a Canadian 
group using epidemiological methodology 
reported that patients who received aCe 
inhibitors before admission to hospital 
were significantly less likely to present with 
ruptured aneurysm (odds ratio 0.82) than 
those who did not receive aCe inhibitors.12 
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similar associations were not observed for 
beta blockers, calcium channel blockers or 
angiotensin receptor blockers. Conversely, 
analysis of patients taking aCe inhibitors in 
the UK small aneurysm trial demonstrated 
that these patients had enhanced aneurysm 
growth.13 a clinical trial is underway in the 
UK to define the action of aCe inhibitors in 
aaa expansion.

hMG Co-a ReDUCtase 
inhiBitoRs

the hMG Co-a reductase inhibitors 
(statins) are a group of drugs in which there 
has been considerable interest recently. the 
statins have been used successfully for their 
lipid-lowering properties for some time now, 
but have also exhibited beneficial effects 
in cardiovascular disease unrelated to this. 
in laboratory experiments, statins have 
been proven to reduce MMp-9 expression 
by human macrophages, and their anti-
inflammatory effects are well documented. 
their pleiotropic actions are well suited to 
target aneurysm expansion and experimental 
effects are encouraging in reducing aortic 
inflammation and proteolysis.14,15

a small scale clinical trial of statin therapy 
in aaa demonstrated a reduced expansion 
rate in the treatment group16 and a recent 
systematic review and meta-analysis suggested 
that there is evidence to suggest that statins 
reduce aneurysm growth.4 however, aside 
from aneurysm expansion, there is now 
overwhelming evidence that patients with 
aneurysms and peripheral vascular disease 
derive benefit from statins with regard to 
cardiovascular death and outcome following 
surgery.17 in this regard all patients with 
aortic aneurysms should be on statin therapy 
if tolerated.

the FUtURe – Data FRoM 
ReCent eXpeRiMental 
stUDies

Recent experimental data have suggested 
some possible significant advances in 
pharmacotherapy for aaa. a recent study 
by satoh et al18 demonstrated the significant 
role that oxidative stress plays in the 
development of experimental aneurysms. 
this study revealed that angiotensin ii, 
through induction of reactive oxygen species, 
induces cyclophilin a in smooth muscle 
cells which then stimulates recruitment of 
inflammatory cells, activation of MMps and 
production of reactive oxygen species. these 
factors then initiate the biological events 
responsible for aneurysm formation. this 
study and subsequent commentaries have 
illustrated the importance of oxidative stress 
in aneurysm formation and suggest a target 
for pharmacotherapy.

perhaps the most significant new 
studies in aneurysm biology over the last 
few years have been those investigating the 
effect of inhibiting signalling pathways. 
as stated previously, aneurysms form by 
multiple pathways in the milieu of extensive 
biological redundancy. two recent reports 
using inhibition of signalling pathways 
(JnK and nFκB) have reported that 
inhibition of crucial signalling mechanisms 
can actually result in regression of established 
experimental aneurysms.19,20 these 
results clearly represent a paradigm shift in 
aneurysm pharmacotherapy and offer the 
potential goal of aneurysm regression. the 
inhibitors used would not be safe in clinical 
use but recently, drugs with the potential 
to inhibit signalling pathways have been 
investigated experimentally. Rosiglitazone – 
a drug used extensively in diabetic control 
– has the ability to inhibit JnK and MapK 
and has been effective in reducing aneurysm 
formation in the experimental setting.21 
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Clearly the goal over the next few years will 
be to discover drugs with the potential ability 
to regress established aneurysms.
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