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A look at the patient characteristics and anatomic variations not represented in current

guidelines and the best evidence for treatment.
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he American Society for Vascular Surgery (SVS) and
the European Society for Vascular Surgery (ESVS)
both have clear recommendations on the size
threshold for treating asymptomatic abdominal
aortic aneurysms (AAAs) in men." Their strong (grade A)
recommendations are based on a high grading of the level
of evidence. In practice, these guidelines simplify much of
the vascular surgeon’s daily practice in the decision-making
process of whom and when to treat. Many clinical scenarios
are unfortunately not always so clear. Indeed, both societies
admit that treatment indications become more nuanced
and based on less evidence when considerations such as
patient sex, age, family history, comorbidities, complex
anatomy, and patient preferences enter the equation.

The development of endovascular aneurysm repair
(EVAR) has had a major impact on AAA treatment.

The evolution from a so-called failed experiment to the
predominant and preferred form of treatment in many
countries is remarkable.* This is in large part due to the
extremely low perioperative procedural risk involved,
even though debate continues on the long-term benefits
and durability. This is well illustrated using EVAR data from
Vascunet, an international data registry collaboration of

11 countries (Figure 1). The sustained growth of EVAR is
clear, matched by the surprising continued decrease in
an already low perioperative mortality rate.

The question then becomes whether or how the dimin-
ishing perioperative risk of endovascular repair changes the
scope of which AAA patients should be treated. Clearly,
perioperative risk differs by patient group, and ultimately,
the risk must be balanced against the perceived individual
risk of rupture, the durability of the repair, and the life
expectancy of the patient. The evidence to guide some of
these decisions is less clear, compelling us to look closer at
some of these “borderline candidate” characteristics and
clinical scenarios.
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PATIENT SEX

The SVS and ESVS guidelines differ slightly in their inter-
pretation of the evidence for recommending treatment
of women with AAAs. The SVS states that women with
aneurysms = 5 cm may benefit from treatment, whereas
the ESVS suggests that treatment should be “considered”
once the aneurysm reaches 5.2 cm."? There appears to
be little doubt that aneurysms are more aggressive (ie,
aneurysms grow faster) in women than in men, and the
risk of rupture during surveillance is four times greater
than in men.%® In the event of AAA rupture, women
fare worse than men.? It would seem prudent to offer
women treatment at a smaller AAA diameter. However,
perioperative risk for women has been shown to be higher
than for men.'®" The reasons for this are not clear but
may be associated with age at presentation and dissimilar
medical management, as well as issues of access and ana-
tomic suitability. The continuing development of EVAR
technology (eg, lower-profile devices) should overcome
some of these issues and perhaps lower the procedural
risks. More data are eagerly anticipated to help support
future guidelines.

AGE

Age is an inherent risk factor for the treatment of
AAAs, whether related to perioperative procedural risk
for octogenarians or for the durability of the repair in
younger patients. Recent data from the Vascular Quality
Initiative database showed that, even for EVAR, the peri-
operative mortality risk was significantly greater for octo-
genarians than nonoctogenarians (3.8% vs 1.6%). The
doubling of risk persisted even at 1 year, when mortality
was reported at 8.9%." These risks must be weighed
against the risk of rupture and preferences of the patient.

Conversely, it comes as no surprise that younger patients
have reduced perioperative mortality for EVAR. Lee et al



reported a perioperative
mortality of 0% for patients
younger than 60 years who
underwent EVAR treatment,
but questions of durability
have been raised due to the
long-term results from the
EVAR 1 trial.»" The late
risk of rupture after EVAR T
reminds us that continued

aortic dilatation is an ever-
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MULTIPLE COMORBIDITIES

There are two important issues when considering treat-
ment for a patient with comorbidities: Can the patient
survive the procedure itself, and will the procedure extend
the patient’s life? Although the perioperative risk of EVAR
is generally low, it is well documented that the presence of
comorbidities such as renal failure, ischemic heart disease,
and chronic obstructive pulmonary disease significantly
raise this risk.”” Despite various criticisms, the EVAR 2 trial
addresses what many perceive among patients with signifi-
cant comorbidities—if they are too sick to be considered
for anesthesia and open surgery, then the prophylactic pro-
cedure itself should be reconsidered.™ It should be noted
that EVAR reduced the aneurysm-related mortality in this
study. Acquiring an accurate prognosis of the patient’s con-
current medical conditions is therefore critical.

Delaying treatment is also an option. In nonoperated
high-risk patients with AAAs, Scott et al found that the risk
of rupture was < 5% at 1 year for aneurysms < 7 cm, allow-
ing time for possible optimization of medical treatment.
However, for aneurysms > 7 cm, the risk of rupture rose to
35%, suggesting that elective intervention should be per-
formed with an accepted higher perioperative risk.”

COMPLEX ANATOMY

Successful prophylactic AAA treatment is hardly defined
by the technical success of the primary procedure, as
durability is critical. The failure of EVAR (ie, endoleak, sac
enlargement, or rupture) can be a result of many factors.'®'
Schanzer et al evaluated some predictors for sac enlarge-
ment and found an alarming 5-year post-EVAR rate of
41%.%° This was juxtaposed with the rate of only 42%
compliance to instructions for use.

Depending on the clinical scenario, patients with com-
plex anatomy may be better served by a heedful account

of factors that may later lead to failure, such as aortic neck
diameter, length, and morphology.’?" In these cases, stan-
dard EVAR may be inappropriate, and proper planning for
suprarenal coverage with fenestrated or branched endovas-
cular or open repair should be considered. Verhoeven et al
have documented the good technical success of fenestrated
EVAR in 100 patients with short necks or juxtarenal AAA:s,
reporting no type | endoleaks and only five cases of sac
enlargement at a median follow-up of 2 years.??

Small Aneurysms

One of the important initial consequences of the docu-
mented reduced perioperative risk of EVAR has been a
reevaluation of overall size thresholds for elective treatment.
Data from international registries reveal that more than
25% of AAA repairs are performed for aneurysms < 5.5 cm.*
There are clear national variations in the management of
small AAAs; in Iceland, 6% of intact repairs are performed
for aneurysms in men below the recommended threshold,
whereas 41% are performed in Germany. Moreover, invasive
treatment below the guideline threshold is more prevalent
with EVAR when compared to open repair. Part of the
rationale for treating a small AAA is the assumed inevitabil-
ity of required repair at some point, as well as avoidance
of the potential (albeit low) risk of rupture. It appears clear
that growth begets growth, as data from the RESCAN study
indicate an increase in growth rate by 0.59 mm for each
0.5-cm increase in diameter.® One clinical interpretation of
this is that a 4.5-cm aneurysm would only require a mean
duration of 2.3 years to reach the threshold of 5.5 cm.2 For
example, the ADAM trial reported that 27% of the patients
with AAAs of 4 to 5.5 cm underwent repair within 2 years,
and more than 60% needed treatment within 5 years.?®

The goal of the PIVOTAL and CAESAR trials was to test
the hypothesis that the low perioperative risk of EVAR
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would confer a survival benefit for patients with small
AAAs? Although no benefit was shown, it is important
to recognize that certain patient groups, such as women
and those with a strong family history of AAAs, were not
highly represented. However, the retrospective study by
Zarins et al showed significantly greater all-cause mortality
in patients with small AAAs who underwent surveillance as
compared with those who underwent prophylactic EVAR
treatment.?® The recent study by Karthikesalingam et al has
again suggested that the size threshold for elective AAA
treatment should be reconsidered. They found reduced
AAA-related mortality among patients in the United States,
where more than 40% of AAA repairs were performed for
aneurysms < 5.5 cm, as opposed to in the United Kingdom,
where the small aneurysm repair rate was < 10%.2°

Although the guideline threshold of 5.5 cm for elective
repair of an intact AAA in men is still the evidence-based
standard, there is clearly a need for further individual risk
evaluation, especially in patients with an increased risk of
rupture and low operative risk for EVAR.

Marfan Syndrome and Postdissection Aneurysms

Although a review of proper treatment of patients with
Marfan syndrome is beyond the scope of this article, they
should be considered borderline candidates for EVAR.
Despite a low operative risk, the high midterm mortality
(13%) and surgical conversion (16%—18%) rates at 2.5 years
reported by Pacini et al led to the conclusion that stent
grafting for dissections in patients with Marfan syndrome
should be considered with great caution.*® These patients
often undergo multiple operations, and endovascular repair
might prove valuable for graft-to-graft bridging>' EVAR as a
bridge to open surgery or as an option in acute repair is also
possible, but close follow-up is mandatory.3?

Mycotic and Saccular Aneurysms

Evidence of an infected aneurysm is a dire sign, and
patients with mycotic aneurysms are by no means border-
line candidates. Mycotic aneurysms grow rapidly and have a
high risk of rupture, and patients often have severe comor-
bidities, particularly immunodeficiency and coexisting septic
conditions. Treatment should be prompt, yet an important
question is whether EVAR is warranted. Although antibiotic
therapy is important, studies have shown that conserva-
tive treatment of mycotic AAAs is dismal, and surveillance
is not an option.* Surgical repair with either excision and
extra-anatomic bypass or in situ reconstruction with, for
example, a neo-aorto-iliac system has been the standard
treatment for many years*> However, surgical repair car-
ries high mortality and morbidity rates, with a risk of serious
late complications, and the anatomic location of the aneu-
rysm may make surgical repair very technically demanding
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Figure 2. Endovascular treatment of mycotic aneurysms is a
borderline indication, but excellent results have been achieved.
This patient was treated with EVAR for a mycotic aneurysm (A)
with Salmonella bacteremia. Four months postoperatively (B),
the aneurysm was sealed, and the inflammatory parameters
normalized with antibiotic treatment.

or even impossible. A recent large comparative study by
Sorelius et al shows good evidence for treating mycotic
aneurysms with EVAR® In a propensity score—weighted,
risk-adjusted analysis of 132 patients who underwent
treatment for a mycotic AAA, EVAR was associated with
improved survival (up to 4 years) compared with open
surgery, without a higher associated incidence of serious
infection-related complications or reoperations (Figure 2).

Although little is known on the natural history of saccular
aneurysms, the general perception is that they are more
prone to rupture.” The SVS guidelines recommend treat-
ment; however, there is limited evidence and no mention of
particular diameter thresholds.

SURVEILLANCE AND PATIENT PREFERENCE
Not intervening on an aneurysm should not confer no
treatment. Deferment of surgical intervention should be
used for proper medical management and possible risk
factor correction. AAA patients are often burdened with a
grim cardiovascular risk profile.® Smoking cessation, anti-
hypertension therapy, and statin and antiplatelet therapy
should be accounted for. These may attenuate aneurysm
growth and rupture risk but, more importantly, should
increase overall survival, regardless of whether surgery is
eventually performed .3 Patients deemed unfit for repair
should be considered for continuous surveillance during
optimization of their fitness status for later reassessment.
The frequency and methods of surveillance vary, and
regular patient contact and compliance are critical. Add
to this the importance of allowance and credence to the
patient’s expressed interests. Reise et al described the ben-
efits of patient education and preference when deciding
between EVAR and open surgery, but it is difficult to quan-
tify the angst or willingness of a patient to accept various
strategies for any of the previously discussed scenarios.!



This may be straightforward if a patient adamantly chooses
to pursue a course of active surveillance for a small aneu-
rysm. Alternatively, for an otherwise healthy woman with
a4.8-cm AAA, a strong personal request for EVAR may be
enough impetus to proceed with treatment.

CONCLUSION

In many cases, rupture of a previously identified AAA
is a failure of care. By the same token, perioperative
death in an asymptomatic patient is equally as lamen-
table. Screening programs, active medical management,
improving technology, and a better understanding of
the natural history of aneurysms have helped to reduce
some of these failures. Although the guidelines have
taken advantage of multiple informative studies, con-
siderations of some of the previously mentioned issues
reveal that decisions to treat borderline candidates are
not always clear. The debate between open surgical
repair and EVAR has been interesting and important,
but perhaps the more relevant question is when and
whom to treat. Future studies will hopefully clarify many
of these unanswered questions. ®

1. Chaikof EL, Brewster DC, Dalman RL, et al. The care of patients with an abdominal aortic aneurysm: the Society for
Vascular Surgery practice quidelines. J Vasc Surg. 2009;50(4 suppl):52-49.

2. Moll FL, Powell T, Fraedrich G, et al. Management of abdominal aortic aneurysms clinical practice quidelines of the
European Society for Vascular Surgery. Eur J Vasc Endovasc Surg. 2011;41(suppl 1):51-58.

3. Gambardella |, Blair PH, McKinley A, et al. Successful delayed secondary open conversion after endovascular repair
using partial explantation technique: a single-center experience. Ann Vasc Surg. 2010;24:646-654.

4. Beck AW, Sedrakyan A, Mao J, et al. Variations in abdominal aortic aneurysm care: a report from the International
Consortium of Vascular Registries. Circulation. 2016;134:1948-1958.

5. ManiK, Lees T, Beiles B, et al. Treatment of abdominal aortic aneurysm in nine countries 2005-2009: a Vascunet
report. Eur J Vasc Endovasc Surg. 2011;42:598-607.

6. Mofidi R, Goldie \VJ, Kelman J, et al. Influence of sex on expansion rate of abdominal aortic aneurysms. Br J Surg.
2007,94:310-314.

7. Norman PE, Powell JT. Abdominal aortic aneurysm: the prognosis in women is worse than in men. Circulation.
2007;115:2865-2869.

8. LoRC, Schermerhorn ML. Abdominal aortic aneurysms in women. J Vasc Surg. 2016;63:839-844.

9. McPhee JT, Hill JS, Eslami MH. The impact of gender on presentation, therapy, and mortality of abdominal aortic
aneurysm in the United States, 2001-2004. J Vasc Surg. 2007;45:891-899.

10. Egorova NN, Vouyouka AG, McKinsey JF, et al. Effect of gender on long-term survival after abdominal aortic
aneurysm repair based on results from the Medicare national database. J Vasc Surg. 2011;54:1-12.

11. Abedi NN, Davenport DL, Xenos E, et al. Gender and 30-day outcome in patients undergoing endovascular
aneurysm repair (EVAR): an analysis using the ACS NSQIP dataset. J Vasc Surg. 2009;50:486-491.

12. Hicks CW, Obeid T, Arhuidese , et al. Abdominal aortic aneurysm repair in octogenarians is associated with higher
mortality compared with nonoctogenarians. J Vasc Surg. 2016;64:956-965.

13. LeeK, Tang £, Dubois L, et al. Durability and survival are similar after elective endovascular and open repair of
abdominal aortic aneurysms in younger patients. J Viasc Surg. 2015,61:636-641.

14. Patel R, Sweeting MJ, Powell JT, Greenhalgh RM; for the EVAR trial investigators. Endovascular versus open repair
of abdominal aortic aneurysm in 15-years' follow-up of the UK endovascular aneurysm repair trial 1 (EVAR trial 1): a
randomised controlled trial. Lancet. 2016;388:2366-2374.

15. Khashram M, Williman JA, Hider PN, et al. Systematic review and meta-analysis of factors influencing survival
following abdominal aortic aneurysm repair. Eur J Vasc Endovasc Surg. 2015,51:203-215.

16. EVAR trial participants. Endovascular aneurysm repair and outcome in patients unfit for open repair of abdominal
aortic aneurysm (EVAR trial 2): randomised controlled trial. Lancet. 2005;365:2187-2192.

17. Scott SW, Batchelder AJ, Kirkbride D, et al. Late survival in nonoperated patients with infrarenal abdominal aortic
aneurysm. Eur J Vasc Endovasc Surg. 2016;52:444-449.

18. Harris PL, Vallabhaneni SR, Desgranges P, et al. Incidence and risk factors of late rupture, conversion, and death after
endovascular repair of infrarenal aortic aneurysms: the EUROSTAR experience. J Vasc Surg. 2000;32:739-749.

19. Wyss TR, Brown LC, Powell JT, Greenhalgh RM. Rate and predictability of graft rupture after endovascular and open
abdominal aortic aneurysm repair: data from the EVAR trials. Ann Surg. 2010;252:805-812.

20. Schanzer A, Greenberg RK, Hevelone N, et al. Predictors of abdominal aortic aneurysm sac enlargement after
endovascular repair. Circulation. 2011;123:2848-2855.

21. van Marrewijk CJ, Fransen G, Laheij RJ, et al. Is a type Il endoleak after EVAR a harbinger of risk? Causes and
outcome of open conversion and aneurysm rupture during follow-up. Eur J Vasc Endovasc Surg. 2004;27:128-137.
22. Vlerhoeven EL, Vourliotakis G, Bos WT, et al. Fenestrated stent grafting for short-necked and juxtarenal abdominal
aortic aneurysm: an 8-year single-centre experience. Eur J Vasc Endovasc Surg. 2010;39:529-536.

23. Bown M, Sweeting MJ, Brown LG, et al; for RESCAN Collaborators. Surveillance intervals for small abdominal aortic
aneurysms: a meta-analysis. JAMA. 2013,309:806-813.

24. Powell JT, Sweeting MJ, Brown LG, et al. Systematic review and meta-analysis of growth rates of small abdominal
aortic aneurysms. BrJ Surg. 2011,98:609-618.

25. Lederle FA, Johnson GR, Wilson SE, et al. The aneurysm detection and management study screening program:
validation cohort and final results. Arch Intern Med. 2000;160:1425-1430.

26. CaoP, De Rango P, Verzini F, et al. Comparison of surveillance versus aortic endografting for small aneurysm repair
(CAESAR): results from a randomised trial. Eur J Vasc Endovasc Surg. 2011;41:13-25.

27. Ouriel K, Clair DG, Kent KC, Zarins CK. Endovascular repair compared with surveillance for patients with small
abdominal aortic aneurysms. J Vasc Surg. 2010;51:1081-1087.

28. Zarins (K, Crabtree T, Arko FR, et al. Endovascular repair or surveillance of patients with small AAA. Eur J Vasc
Endovasc Surg. 2005;29:496-503.

29. Karthikesalingam A, Vidal-Diez A, Holt PJ, et al. Thresholds for abdominal aortic aneurysm repair in England and the
United States. N Engl J Med. 2016;375:2051-2059.

30. Pacini D, Parolari A, Berretta P, et al. Endovascular treatment for type B dissection in Marfan syndrome: is it
worthwhile? Ann Thorac Surg. 2013;95:737-749.

31. Yamane Y, Uchida N, Mochizuki S, et al. Endovascular repair by graft-to-graft bridging in a patient with Marfan
syndrome. Ann Vasc Dis. 2016;9:111-113.

32. Waterman AL, Feezor RJ, Lee WA, et al. Endovascular treatment of acute and chronic aortic pathology in patients
with Marfan syndrome. J Vasc Surg. 2012;55:1234-1240.

33. Hsu RB, Chang CI, Wu IH, Lin FY. Selective medical treatment of infected aneurysms of the aorta in high risk
patients. J Vasc Surg. 2009;49:66-70.

34. Oderich GS, Panneton JM, Bower TC, et al. Infected aortic aneurysms: aggressive presentation, complicated early
outcome, but durable results. J Vasc Surg. 2001;34:900-908.

35. Clagett GP, Bowers BL, Lopez-Viego MA, et al. Creation of a neo-aortoiliac system from lower extremity deep and
superficial veins. Ann Surg. 1993,;218:239-249.

36. Sorelius K, Mani K, Bjorck M, et al. Endovascular repair of mycotic aortic aneurysms. J Vasc Surg. 2009;50:269-274.
37. Shang EK, Nathan DP, Boonn WW, et al. A modern experience with saccular aortic aneurysms. J Vasc Surg.
2013;57:34-88.

38. Bath MF, Gokani VJ, Sidloff DA, et al. Systematic review of cardiovascular disease and cardiovascular death in
patients with a small abdominal aortic aneurysm. Br J Surg. 2015;102:866-872.

39. Sohrabi S, Wheatcroft S, Barth JH, et al. Cardiovascular sk in patients with small and medium abdominal aortic
aneurysms, and no history of cardiovascular disease. Br J Surg. 2014;101:1238-1243.

40. Takagi H, Yamamoto H, Iwata K, et al. Effects of statin therapy on abdominal aortic aneurysm growth: a meta-
analysis and meta-regression of observational comparative studies. Eur J Vasc Endovasc Surg. 2012;44:287-292.

41. Reise JA, Sheldon H, Earnshaw J, et al. Patient preference for surgical method of abdominal aortic aneurysm repair:
postal survey. Eur J Vasc Endovasc Surg. 2010;39:55-61.

Jacob Budtz-Lilly, MD

Department of Cardio-Thoracic and Vascular Surgery
Aarhus University Hospital, Skejby

Aarhus, Denmark

Department of Surgical Sciences

Section of Vascular Surgery

Uppsala University

Uppsala, Sweden

Disclosures: None.

Anders Wanhainen, MD, PhD
Professor of Vascular Surgery
Department of Surgical Sciences
Section of Vascular Surgery
Uppsala University

Uppsala, Sweden

Disclosures: None.

Kevin Mani, MD, PhD, FEBVS
Associate Professor of Vascular Surgery
Department of Surgical Sciences

Section of Vascular Surgery

Uppsala University

Uppsala, Sweden

+46 186110000; kevin.mani@surgsci.uu.se
Disclosures: None.

VOL.16, NO.3 MARCH 2017 ENDOVASCULAR TODAY 77



