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Abstract (English)

Introduction:

Endovascular aortic repair (EVAR) is being used with increasing frequency for the
treatment of ruptured abdominal aortic aneurysms (rAAAs), though conflicting results
have been reported concerning perioperative mortality. The aim of our study was to
present a multi-centre experience in the treatment of rAAAs over a 6-year period in
Greece and evaluate potential difference in mortality rates between EVAR and open
technique. This study also aimed to evaluate the Glasgow Aneurysm Score (GAS) in
predicting in-hospital mortality and present time trends of EVAR for rupture. A
comprehensive review, including time trends, of all cases presenting with rupture after

EVAR was also among the scopes of the study

Patients and Methods:

Prospectively collected data from seven public hospitals in Greece concerning rAAA
repairs between January 2006 and April 2012 were retrospectively analyzed. Primary
outcome was in-hospital mortality. Multivariate logistic regression analysis was used to
identify independent risk factors.The receiver-operator characteristic (ROC) curve was
used to determine the value of the GAS in predicting in-hospital death. Time trend
analysis, depicting annual changes (%), concerning EVAR for rupture and rupture after

EVAR was also conducted.

Results:
A total of 418 patients (92.3% males, mean age=74.3+/-8.8) with rAAAs were recorded

during the study period. Among them, 113 patients (27%) underwent EVAR. Overall in-



hospital mortality was 45.2%, whereas in-hospital mortality after EVAR and open repair
was 20.4% and 54.3%, respectively (p<0.001). Multivariate analysis evidenced that
hemodynamic instability (p<0.001), open repair (p<0.001), older age (p<0.001), coronary
artery disease (p<0.001) and renal insufficiency (p=0.02) independently increased in-
hospital mortality. Area under the curve (AUC) was 0.80 (95%C1=0.75-0.85, p<0.001)
for open repair and 0.64 (95%CI1=0.51-0.77, p=0.04) for EVAR. History of previous
abdominal aortic operation was recorded in 25 patients (6.0%). Among them, 22 patients
(88.0%) had been treated with endovascular approach. Annual increase forproportion (%)

of EVAR for rupture was 5% (p=0.004) and for rupture after EVAR was 2.5% (p=0.005).

Conclusions:

1. Although the two groups were not directly comparable, EVAR for rAAAS appears to
be associated with lower mortality compared to open repair.

2. Rupture after EVAR is a clinical entity encountered with increasing frequency over the
past few years, probably reflecting limitations of the method and the follow-up practice.

3. GAS may need to be appropriately modified for patients with EVAR for rAAA and

rAAA after EVAR.



Abstract (Greek)

Ewayoy:

H evdayysioxn anokatdotacn avevpvopotog kotlakng aoptis (EVAR) ypnoyomoteiton
HE avEVOLEVT) GLYVOTNTO T TEAELTAT £T Yia TN Bepameio TV payéviwv
AVELVPLGUATMV KOTMOKNG 0LOPTNG, TAPA TO YEYOVOS OTL AVTLPATIKA OTOTEAECUATO £XOVV
napovcloctel otn PMoypaie, oyeTikd pe T deyyxepnTiky Bvnrotnta g pebodov. O
oKOTOG TG TOPOVCHG LEAETNG EIVaL VO TOPOVGIAGEL TV TOAVKEVTPIKY O6ETN EUTEPiN GTN
Bepamneio TV payéviov ovevpuoprdTeov otnv EALGde Kot va eKTIUNGEL SOUVNTIKEG
dpopég otn BvyntotTa PeTaEd TG EVOYYELOKTG KO OVOLYTNG XELPOVPYIKNG Bepameiag.
H pedétn avty eniong €xetl cav okond va ektiunoet v kiipaka < Glasgow Aneurysm
Score, GAS” oyetikd pe v TpoPAreyn g EVOOVOCOKOUEINKN S BvnToTnTOg, KaBD]
EMIONG Kol VO TOPOVGIACEL TIG SLOYPOVIKES TAGELS TNG YPNONGS TNG EVOAYYELOKNG TEXVIKNG
Y10 TNV OVTILETMOMICT TOV PAYEVIOV AVEVPVOUATOV TNG KOWAMoKN G aoptng. TéAog,
OVOAVTIKT TOPOVGINOT] TOV TEPICTOTIKOV e PNEN UETA OO EVOAYYELOKT OVTILETOTION
AVELPVCUATOG KOIAMOKTG AOPTNG, COUTEPIAAUPAVOUEVOV KL TOV SLO(POVIKADV TAGEWV,

anotelel oKOTO TNG TaPOVGAG LEAETNG.

AcOeveic kot MéOodor

Ta dedopéva tv acBevav pe pnén ovevpHGHOTOS KOTMOKNG aopTiS HeTa&y lavovapiov
2006 kot Amptaiov 2012 and entd Anpodcio Nosokopeio tng EALGd0og avalvdnkav
avadpopikd. To kiplo amotédeoia mov avaAbONKe Tav 1 EVOOVOCOKOUELNKT) BvynTtoTnTO.

H pébodog g moAlamAng Aoylotikng maAvopounong (multiple logistic regression)
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YPNOCLOTOONKE Y10 TNV aviyveuon aveEapTNTOV TPOYVOSTIKGOV Tapaydviov. H
KOUTOAN Aettovpykod yapaxtnpiotikod déktn (Receiver Operating Characteristic, ROC)
¥pPNOLOTOMONKE Yo va vtoroyicel v a&ia g kKAipakag “GAS” otnv mpdPreymn g
gvoovoookopelakng Bvntomrag. [paypatomromOnie exiong, avaivon daypoviKOV
TAGE®V U TN LopP| T®V TocooTIod®V (%) ETNCLOV OAAXYMDV GYETIKA LE TN XPNON TNG
EVOOYYELOKNG TEXVIKNG OTA PAYEVTA OVEVPVGLOTO KOIALKNG 0OPTNG, OAAG KO TIG pREELS

OVEVPVOUATOV KOIALOKNG 0OPTNG LETA OO EVOAYYELOKT] TEYVIKT).

Amoteléopata

Yvvorkd, coppeteiyav 418 acOeveic (92.3% avdpec, péon nikio=74.3+/-8.8 £tn) pe
pNEN aveLPOCUOTOG KOTAMOKNG 00pTNG. Avauesa og avtovg, 113 acBeveic (27%)
avtpetonioTkay evdoayyslokd. H cuvolikn evoovocokopetakn Bvntdémta ntav 45.2%,
EVO TA TOCOGTA Y10 TNV £VOYYEWOKT Kot avotytn Oepameia ntav 20.4% ko 54.3%,
avtiotoyo (p<0.001). H molvrapayovtiky avalvon £0ei&e 0Tt 1) apodvvapuks aotddela
(p<0.001), n avoryty anokatdotacn (p<0.001), n avénuévn nia (p<0.001), n
otepaviaio vosog (p<0.001) kou n veppikn avendpketo (p=0.02) ntav aveEdptmrot
TPOYVMOOTIKOT TOPAYOVTES TNG EvOOVocokouelakng Bvntoéttag. H emedvelo kbdtm and
v koumoin (area under the curve , AUC) ftav 0.80 (95%CI1=0.75-0.85, p<0.001) yia
v avoryty kot 0.64 (95%CI1=0.51-0.77, p=0.44) ywo. tnv evdayyeiakn péBodo. lotopikd
nponynOeicag eméuPacng oty Kook aopt kataypdenke oe 25 acbeveig (6%).
Avapeca oe avtovg, 22 acbeveic (88.0%) eiyav avipuetonicOetl 6to mapeAdov pe
evoayyewokn teyvikn. H emoa (%) adénon g avaroyiog g xpons evooyyelakng
Bepameiag yio pRéEN avevpvopotog Kotakng aoptig frav 5% (p=0.004) kot tng
avaloyiog g préNG HeTd amd evdayyelokt| Oepameio avevpOGUATOG KOTMOKNG 0LOPTNG

ntov 2.5% (p=0.005).
11



Yopmepaopato,

1. TTopd to yeyovog OTL 01 VO OUAOES OV NTAV ATOAVTO GUYKPIGILES, 1 EVOUYYELOKT|
OTOKATAGTACT) OVEVPVGLOTOG KOIALKNG 0lopTNG paitveTon va oyetiletan pe younidtepa
TO0GOGTA BVNTOTNTOG, CLYKPITIKG LLE TNV AVOLYTH OTOKATAGTAOT).

2. H pn&n petd amd evoayyelokn omoKoTaoTooT 0VELPUCUATOS KOTAOKNG 0OPTNG
TopaTNPEiTal e 0A0EVa Kot avEAVOIEVT GUYVOTNTA TO TEAELTOLN YPOVIA, TOUVAOGS
avTiKatonTpilovTag TEPLOPIGUOVG TOGO TNG 1010G TNG TEYXVIKNG, OGO KO TNG
TapoKoAoLONoN G TV 0chEVOV TG KoTNyopiog ovThG.

3. H kAipaxa “GAS” mBavag va ypetdletar pomomoinom 060V apopd 6Tovg acheveic pe
EVOAYYEWOKT OVTILETOMTION PENGS , AL Kot 611 KaTnyopia TV acBevav pe pnén netd

Ao EVOOLYYELOKT OVTILETMTLON.
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Introduction

Abdominal aortic aneurysm (AAA) represents a significant problem, carrying a relatively
high mortality and morbidity (1-3). Ruptured AAAs (rAAAs) are fatal in 85% of the
cases, whereas, 66% of these patients die before reaching hospital or without operation
(3). Endovascular aortic repair (EVAR) has evidenced benefit over the open surgical
repair (OSR) in the treatment of patients with intact AAAs. This has raised the question,

whether the endovascular approach may also be applied after rupture (4).

The aim of the current multicenter study was to explore whether EVAR may be
associated with lower mortality in patients with rAAA and explore potential independent
risk factors for rupture. This study also aimed to evaluate Glasgow Aneurysm Score
(GAS) in predicting in-hospital mortality among the Greek population and present time
trends and correlation between EVAR for rupture and rupture after EVAR. A
comprehensive review of all cases, presenting with rupture after endovascular repair was

also among the scopes of this study.
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Patients and Methods

Patients

A retrospective review of prospectively collected data for all consecutive patients
presenting with rAAAs (infrarenal) between January 2006 and April 2012 was performed.
Five sentinel tertiary referral hospitals in Athens (“Attikon University Hospital”,
“Kontantopoulio General Hospital, Agia Olga”, “Laiko University Hospital”, “Red Cross
Hospital” and “Sismanoglio General Hospital”’) and two peripheral hospitals (“University
Hospital of Larissa” and “Papageorgiou General Hospital in Thessaloniki) participated in
the study. Free peritoneal blood in abdominal cavity or extra-aortic blood (or contrast
medium) presence in Computed Tomographic Angiography (CTA) in patients with AAA
was defined as rupture. Patients were treated with open or endovascular approach at the
discretion of the attending vascular surgeon. Informed consent was provided from all
patients or first degree relatives and corresponding hospital’s ethics committee approved

the protocol.

Variables of interest- exclusion criteria

Preoperative factors extracted from patients’ medical records included age, sex, history of
smoking, date of rupture, corresponding hospital, history and type of previous AAA
repair, comorbidities (coronary artery disease; CAD, diabetes mellitus; DM, hypertension,
chronic renal failure; CRF, previous stroke) and type of operation performed (EVAR or
OSR). Hemodynamic instability was defined as systolic blood pressure <80mmHg on first
attendance to the hospital and before the use of fluid resuscitation or blood/plasma

transfusion. The primary outcome measure was in-hospital mortality. Stable patients had a
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CTA before surgery, whereas unstable patients that did not respond rapidly to initial fluid
resuscitation were transferred to the operating room. Exclusion criteria for EVAR were
applied using conventional requirements for off-the-shelf endovascular stent-grafts and
included aortic neck diameter>32mm, neck length <10mm, greater than 60 degrees of
neck angulation, iliac vessels <6.5mmin diameter or significant tortuosity and

inappropriate landing zones with extreme calcification, thrombus or conical shape.

GAS

The updated preoperative GAS for each patient presenting with rAAA was calculated
according to the following formula: risk score = age in years +17 points for hemodynamic
instability +7 points for CAD +10 points for history of stroke +14 points for CRF+7

points for open surgery (5).

Rupture after EVAR

For patients presenting with rupture after EVAR, a complimentary data extraction was
performed, including i) information of previous EVAR; type of endograft used
(commercial type), follow-up protocol, ii) data concerning the operation performed for the
rAAA (if EVAR: type of endograft used, type of endoleak, migration, infection of
endograft, free or covered rupture, use of aortic collar/limb extensions; if open repair:

type of cross-clamping).
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Statistical analysis

Continuous variables were expressed as mean = SE. Standard statistical procedures
(nonparametric chi-square distribution, Fischer’s exact test and t-test with corresponding
p values) were used as appropriate. Univariate logistic regression analysis was used to
identify independent risk factors for in-hospital mortality. Multivariate logistic regression
analysis was also performed with in-hospital mortality as dependent and statistically
significant variables in univariate analysis as confounders. In-hospital case fatality rates
(CFR) were appropriately calculated for EVAR and OSR as the ratio of deaths within the
designated population of respective cases. The receiver-operator characteristic (ROC)
curve was used to determine the value of the GAS in predicting in-hospital death. The
Cuzik test for trend was used to evaluate trends of proportion (%) of EVAR for rupture
and rupture after EVAR over time. Furthermore, number needed to treat (NNT) for
EVAR was calculated as the inverse of the absolute risk reduction. Linear regression
analyses with annual change of proportion (%) of EVAR for rupture and rupture after
EVAR as the dependent variable was also conducted. To test whether correlation between
proportion (%) of EVAR for rupture and rupture after EVAR existed, Spearman
correlation coefficient (rho) was used. All p-values < 0.05 were considered statistically

significant. Stata statistical software (version 12.0, Stata Corp) was used for the analysis.
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Results

During the study period, a total of 418 patients (92.3% males, mean age=74.3+8.8 years)
presented with rAAA. Among them, 113 patients (27.0%) underwent EVAR. Baseline
characteristics did not differ between the two categories (EVAR vs. OSR, Table 1).
Hemodynamic instability was more frequent among patient operated with open repair
(p=0.004). A total of 189 patients died after the operation (45.2%). Mortality after EVAR
was 20.4% versus 54.4% after open repair (p<0.001). NNT for EVAR after rupture was
equal to 3 (NNT=3, 95%CI=2.3-4.0), meaning that about one in every three patients will
benefit from endovascular approach, concerning mortality. Univariate analysis evidenced
that age>80 years (OR=2.08, 95%CI=1.37-3.17), CAD (OR=2.02, 95%CI=1.35-3.03),
CRF (OR=2.38, 95%CI=1.22-4.62), hemodynamic instability (OR=6.33, 95%CI=4.12-
9.71) and open repair (OR=4.67, 95%CI1=2.81-7.79) increased the risk for in-hospital
mortality (Table 2). Of note, in multivariate analysis, all of the independent risk factors

remained statistically significant (Table 3).

The mean GAS was statistically different among patients treated with EVAR (0.64,
95%C1=0.51-0.77) and OSR (0.80, 95%CI1=0.75-0.85); p value=0.03, Table 1. GAS
among patients who died was 99.7+1.01 compared with 85.2+0.81 among survivors
(p<0.001). The mean GAS among patients who died was 92.74+3.36 for patients treated
with endovascular repair and 100.7+1.03 for patients treated with open surgery
(p=0.01).The AUC was used to summarize the inherent capacity of GAS to discriminate
dead from alive patients, indicating the probability that GAS ranked a randomly chosen

dead patient higher than a randomly chosen alive one; AUCs ~0.5 indicated poor test
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performance, while AUCs~1 the perfect one.The AUC for the GAS among all patients
with rAAA was 0.78 (95%CI1=0.74-0.83, p<0.001), with the best cut-off value=89
(sensitivity=80.4%, specificity=61.1%). With respect to the operation performed for the
AAA rupture, AUC was 0.80 (95%CI1=0.75-0.85, p<0.001) for open repair and 0.64
(95%C1=0.51-0.77, p<0.04) for EVAR and the difference was statistically significant

(p=0.03, Table 1,Figure 1).

History of previous AAA operation was recorded in 25 patients (6%); 92% males, mean
age=76.5+1.9 years. Among them, 22 patients (88%) had been operated with
endovascular approach (Table 4). In-hospital CFR was 36.4% for the 22 patients with
previous EVAR, contrary to 66.7% for the three patients with previous open repair
(Fischer’s exact test; p=0.54). Regression analysis for 22 patients with rupture after
EVAR evidenced that open repair was the only independent risk factor for in-hospital
death (OR=17.50, 95%CI1=1.60-191.89). GAS for these patients was 93.3+4.1 and AUC
was 0.55 (95%CI1=0.27-0.84, p=0.7). Time of rupture was 4.1+0.6 years after the initial
EVAR. Among patients with rAAA, Endurant / Talent endografts (Medtronic, Inc.) had
been used for the initial repair in 14 patients (63.6), whereas only 7 patients (31.8%)
reported a regular follow-up protocol. The majority of endoleaks were type la (72.7%),
whereas migration was discovered in 11 of these patients. Free rupture in abdominal
cavity was found in 6 cases (27.3%). Among the 11 patients treated with EVAR for
rupture, Endurant / Talent endografts (Medtronic, Inc.) was used in 9 cases (81.8%). In 11
patients who were operated by open approach, suprarenal or supraceliac cross-clamping

was necessary in 54.6% of the cases.
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Proportion of EVAR for rAAAs evidenced a gradual increase from 6.3% in 2006 to
40.9% in 2012 (p for trend=0.03, Figure 2). Similarly and interestingly, ruptures after
EVAR showed an increase from 1.3% in 2007 to 18.2% in 2012 among all ruptures (p for
trend=0.03). Annual change for proportion of EVAR for rupture was 5% (b=>5.00,
p=0.004) and for rupture after EVAR was 2.5% (b=2.54, p=0.005).A correlation between
proportion of EVAR for rupture and rupture after EVAR was also recorded (rho=0.89,

p<0.01).

19



Discussion

The results of the current multicentre study, including 418 patients presenting with rAAA
in seven Vascular Departments over a 6-year period in Greece evidenced that older age,
CAD, CRF and hemodynamic instability were independent risk factors for in-hospital
mortality. Open repair was also presented with a more than 5-times fold increased risk for
death. Interestingly, it was estimated that for every three patients being treated with
endovascular approach, one death from rAAA was being avoided. Among the 22 patients
presenting with rupture after previous EVAR, mortality was significantly reduced when
operated with EVAR compared to open repair. GAS risk-scoring method has proven to be
highly predictive of in-hospital death for patients presenting with rAAA. However, it
evidenced a less valuable effect for patients operated with EVAR and no effect in patients
with rAAA after EVAR. Of note, a gradual increase in the proportion of EVAR for
rupture was noticed, with 5% annual change and a gradual increase with 2.5% annual
change was recorded for rupture after EVAR; interestingly, these trends were highly

correlated.

Determinants of in-hospital mortality after rAAA have been evaluated in the past decade
in an effort to identify modifiable risk factors. In the “Vascunet Report”, comprising of
7,040 rAAAs from vascular registries of Australia, Denmark, Finland, Hungary, Italy,
Norway, Sweden, Switzerland and UK during the period 2005-2009, increasing age, open
repair and presence of comorbidities were associated with in-hospital mortality (6). In line
with the above, our study has evidenced differences in mortality with respect to the type

operation, instability, age, CAD and CRF. Among these factors, EVAR evidenced a
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protective effect, suggesting that three patients need to be treated with an endograft to
prevent one death if open surgery was the only option. Although single risk factors may
play important role in the every-day practice, a cumulative operative risk may be more
useful, especially in high-risk patients (7). Towards this direction, individual risk
stratification has taken on an important role in clinical decision-making during the last
years. Evaluated on population-based nationwide registries, the GAS was proved to be
predictive of postoperative mortality (5). Our study has confirmed that updated GAS, as
opposed by Visser et.al. (5), may be used as a useful tool of risk stratification in patients
with rAAA who were operated with open approach (AUC=0.80, p<0.001). However, in
subgroup analyses, GAS showed borderline discriminative ability in patients operated
with EVAR (AUC=0.64, p=0.04) and no discriminative ability in patients with rupture
after EVAR and operated with either open or endovascular technique (AUC=0.55, p=0.7).
This may rise the question whether other factors will accurately predict mortality after
endovascular approach and thus GAS should be further and appropriately modified in

these patients.

It is still open to debate whether patients with ruptured AAA will benefit from
endovascular approach, compared to open surgery, in terms of mortality (2). Most
methodological issues include difficulty to perform truly randomized studies and as a
result, inadequate control of potential confounding secondary to inadequate patient
matching make results more inconsistent. In a meta-analysis by Rayt et.al.(1), the pooled
mortality rate from EVAR after rAAA across 31 studies concerning 982 patients was
24%, whereas in a meta-analysis by Hoornweg et al.(8), the reported overall early
mortality rate of 60,822 patients undergoing open ruptured aneurysm repair was 48.5%.
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Our results go along with the recent meta-analyses’ reports and evidenced significant
differences in mortality after EVAR (20.4%), compared to open procedure (54.4%), even
after adjustment for significant risk factors, including hemodynamic instability. Despite
the fact that these results look promising in favor of EVAR, a small randomized study (9)
evidenced much higher and similar mortality rates between open and endovascular repair
of rAAA (53% in both groups). This discrepancy may be partially due to subjective
selection bias of treating surgeon and anatomical suitability for EVAR. However, a recent
study (10) evidenced that the reported reduction in mortality between EVAR and open
repair is unlikely to occur due to selection bias based on anatomical AAA configuration.
Furthermore, comparison of treatment effects from observational studies presented similar
results compared with well-conducted randomized controlled trials(11). It is therefore
assumed that observational studies comparing EVAR and open repair for rAAA may

provide with valid estimation of the treatment effects.

Although EVAR for ruptured AAAs has been well studied in the literature, rupture after
EVAR has received less attention, probably because such cases represent a rare event and
patients will not always present their AAA rupture in the same institution (12).
Concerning time of rupture, most cases presented within the first 2-3 years of EVAR,as
also indicated in our study (12). Endoleaks type I and I11 and device migration were found
to be significantly associated with rupture risk after EVAR, as reported by EUROSTAR
investigators (13, 14). In our cohort, almost 73% and 14% of the patients presented with
type la and Ib endoleaks, respectively. In a systematic review, summarizing a large cohort
of patients with rAAA after EVAR, mortality was 26.9% for 26 patients who were treated
with endovascular technique and 50% for the 138 patients who received open repair. Our
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study demonstrated comparable results; in-hospital CFR was 36.4% for the 22 patients
with previous EVAR, contrary to 66.7% for the three patients with previous open repair,
although the sample was smaller. Of note, no or unknown follow-up was recorded in 68%
of our patients. It seems that appropriate surveillance protocol on the first 2-3 years after
EVAR may possibly reduce theAAA rupture rate, as also proposed by systematic reviews
(12) and observational studies (15). In a study (16) analyzing the results of EVAR trials 1
and 2, 27 ruptures after EVAR were identified. Although not statistically significant,
“Medronic Talent” endograft presented with higher rupture rates among the graft
manufacturers; in our patients’ sample Endurant / Talent (Medtronic, Inc.) was more

frequently used as the initial endograft among patients with ruptures after EVAR.

Our data reflected an increasing role of endovascular repair for ruptured AAAs. We
identified a 5% annual increase in use of EVAR for rupture. Similarly, data from
Nationwide Inpatient Sample (N1S), the largest inpatient, all-payer database in the United
States (US), evidenced that use of EVAR increased significantly from 6% of all
emergency repairs in 2001 to 11% in 2004 (p<0.01) (17). This may be attributed to the
fact that this technique may reduce blood loss, length of stay in the intensive care unit and
mortality in selected patients (17). Similarly, a concomitant 2.5% annual increase in
ruptures after EVAR was also noticed, whereas a highly correlated relation was evident
between the two proportions. In line with our findings, the EUROSTAR registry data
evidenced that the annual, cumulative AAA rupture risk after EVAR was approximately
2% at six years (18). It seems thus, that EVAR for rupture and rupture after EVAR may
indicate an interactive pattern. A potential reason might be a trend for “outside
instructions for use; IFU” implantation of endografts, reflecting the cumulative experience
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and improvements in learning curve of the vascular surgeons and advances in stent graft

technology and manufacturing.

The current study reflects a review of a large prospectively collected administrative
database. However, limitations may exist and include potential selection of patients for
endovascular repair constituting a hemodynamically lower-risk category selection of
patients for EVAR with a more suitable anatomic configuration (19). Furthermore,
hospital and surgeon-specific procedure volumes may have influenced patient selection,
concerning the type of operation for rAAA. Therefore, randomized controlled trials,

although difficult to perform in an acute severe condition like rAAA, are needed (20).
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Conclusion

EVAR may be associated with reduced in-hospital mortality compared to OSR in patients
with rAAA. Although GAS has evidenced great discriminative ability in patients operated
with open surgery, an update might be needed for patients treated with EVAR and
patients with rupture after EVAR. A gradual increase in the use of EVAR for ruptured
aneurysms was found, as well as a parallel increase in the proportion of patients

presenting with rAAA after EVAR.
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Table 1. Descriptive characteristics of 418 patients presenting with rAAA with respect to

the operation performed

EVAR (n=113) OSR (n=305)

Variable n (%) n (%) p value
Male Gender 107 (94.7) 279 (91.5) n.s
Age >80 years 43 (38.1) 87 (28.5) n.s
Current Smoker 83 (73.5) 196 (64.3) n.s
DM 26 (23.0) 95 (31.1) n.s
Hypetension 85 (75.2) 250 (82.0) n.s
CAD 38 (33.6) 113 (37.0) n.s
Stroke 11(9.7) 31 (10.2) n.s
CRF 12 (10.6) 30 (9.8) n.s
Reoperation in abdominal aorta 11 (9.7) 14 (4.6) n.s
Hemodynamic Instability 36 (31.9) 145 (47.5) 0.004
In-hospital Death 23 (20.4) 166 (54.4) <0.001
GAS (mean+SE) 86.0£1.30 93.9+0.84 <0.001
AUC (95%Cl) 0.64 (0.51-0.77)  0.80 (0.75-0.85) 0.03

Abbreviations: rAAA: ruptured abdominal aortic aneurysm, EVAR: endovascular aortic

repair, OSR: open surgical repair, DM: diabetes mellitus, CAD: coronary artery disease,

CREF: chronic renal failure, GAS: Glasgow Aneurysm Score, AUC: area under the curve,

Cl: Confidence Interval, n.s: not significant
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Table 2. In-Hospital Mortality and Results of Univariate Logistic Regression Analysis for

418 patients with rAAA (OR, 95% Cls)

Variable Category  Patients (n) n'q’;ri‘;ff;tg'l) Crude OR (95%Cl)

Gender female 32 15 Reference
male 386 174 0.93 (0.45-1.92)

Age (years) <80 288 114 Reference
>80 130 75 2.08 (1.37-3.17)

Current Smoker No 153 77 Reference
Yes 279 120 0.77 (0.51-1.15)

DM No 297 127 Reference
Yes 121 62 1.41 (0.92-2.15)

Hypertension No 83 34 Reference
Yes 335 155 1.24 (0.76-2.02)

CAD No 267 104 Reference
Yes 151 85 2.02 (1.35-3.03)

. No 376 169 Reference
History of Stroke Yes 42 20 1.11 (0.59-2.11)

CRF No 376 162 Reference
Yes 42 27 2.38 (1.22-4.62)

Reoperation No 393 179 Reference
Yes 25 10 0.80 (0.35-1.82)

Hemodynamic Instability No 231 63 Reference
Yes 181 126 6.33 (4.12-9.71)

Type of operation EVAR 113 23 Reference
Open 305 166 4.67 (2.81-7.79)

Abbreviations: DM: diabetes mellitus, CAD: cardiac artery disease, CRF: chronic renal failure, EVAR:
endovascular aortic repair, OR: Odds Ratio, Cl: Confidence Interval
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Table 3. Multivariate Logistic Regression Model for 418 patients with rAAA: Prediction
of In-Hospital Mortality

Variable Adjusted OR (95%CI)
Age >80 years 2.67 (1.58-4.51)
CAD 2.83 (1.71-4.67)
CRF 2.62 (1.17-5.91)
Hemodynamic Instability 7.77 (4.74-12.74)
Open Repair 5.47 (3.03-9.85)

Abbreviations: CAD: cardiac artery disease, CRF: chronic renal failure, OR: Odds Ratio, Cl: Confidence
Interval, rAAA: ruptured abdominal aortic aneurysm

31



Table 4. Characteristics of 22 patients presenting with rAAA after EVAR

n %
Patient's Charavteristics (n=22)
Male Gender 21 95.5
Age >80 years 12 54.5
Current Smoker 12 54.5
DM 7 31.8
Hypetension 16 72.7
CAD 6 27.3
History of Stroke 3 13.6
CRF 2 9.1
Hemodynamic Instability 10 45.5
In-hospital Death 8 36.4
Characteristics of EVAR before rupture (n=22)
Typeofendograft
Medronic (Endurant, Talent) 14 63.6
Endologix (Powerlink) 2 9.1
Vascutek (Anaconda) 1 45
Gore (Excluder) 1 45
Edwards (LifePath) 1 45
Cardiatis (Multilayer) 1 45
Unkown 2 9.1
Follow-up
Yes 7 31.8
No/Unknown 15 68.2
Characteristics of AAA rupture (n=22)
Type of endoleak
la 16 72.7
Ib 3 13.6
1 1 4.5
1l 1 4.5
v 1 4.5
Endofraft migration 11 50
Endofraft infection 1 4.5
Free rupture 6 27.3
EVAR after rupture (n=11)
Type of endograft used
Medronic (Endurant, Talent) 9 81.8
Gore (Excluder) 2 18.2
Use of aortic collar for la endoleak (n=6) 6 100
Use of limb extentions for Ib and 111 endoleak (n=4) 4 100
OSR after rupture (n=11)
Type of clamping
Infrarenal 5 45.5
Suprarenal 3 27.3
Supraceliac 3 27.3

Abbreviations: rAAA: ruptured abdominal aortic aneurysm, EVAR: endovascular aortic repair, DM:
diabetes mellitus, CAD: coronary artery disease, CRF: chronic renal failure



Figure 1. Results of the ROC curve analysis predicting in-hospital death for patients

operated with EVAR and Open repair.

Abbreviations: ROC: receiver—operator characteristic, EVAR: Endovascular aortic repair
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Figure 2. Time Trends of proportion (%) of EVAR for rAAA and rAAA after EVAR.
Abbreviations: EVAR: Endovascular aortic repair, rAAA: ruptured abdominal aortic

aneurysm.
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