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INTRODUCTION
According to the current practice guidelines [1], endovascular 

aneurysm repair (EVAR) has become the first treatment option 
for patients with infrarenal abdominal aortic aneurysm (AAA) 
when aortoiliac anatomy is suitable for EVAR. Based on previous 
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Purpose: Open surgical conversion (OSC) is the last treatment option for patients with endovascular aneurysm repair (EVAR)
failure. We investigated the underlying causes of EVAR failure requiring OSC and attempted to determine strategies to 
avoid OSC after EVAR. 
Methods: We retrospectively reviewed the database of patients who underwent OSC after EVAR from 2005 to 2018 in 
a single institution. Twenty-six OSCs were performed in 24 patients (median age, 74.5 years; 79.2% of males) who had 
undergone standard EVAR. We investigated pre-, intra-, and postoperative computed tomography or angiographic images 
and outcomes of the OSCs.
Results: Two main indications for OSC were persistent endoleak (50.0%) and endograft infection (EI) (38.5%). All 13 patients 
who underwent OSC due to endoleaks received EVAR outside of indications for use. Among 10 patients who underwent 
OSC due to EI, we found overlooked infection sources in 7 (70.0%) at the time of EVAR or during the surveillance period. 
OSC was performed at a median of 31.8 months (interquartile range, 9.4–69.8) after EVAR as an emergency (15.4%) or 
elective (84.6%) surgery. Aortic endograft was removed in 84.6% of cases (totally, 57.7%; partially, 26.9%), whereas it was 
preserved in 4 cases (15.4%). After 26 OSCs, 2 early deaths (7.7%) and 2 aortoenteric fistulae (7.7%) developed as major 
complications.
Conclusion: OSC after EVAR was associated with relatively higher perioperative morbidity and mortality. To avoid OSC 
after EVAR, we recommend careful assessment of coexisting infection sources and avoidance of EVAR for patients with 
especially unfavorable anatomy for EVAR, particularly the in proximal neck.
[Ann Surg Treat Res 2020;99(6):344-351]
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large-scale, randomized, prospective studies, our current 
understanding regarding EVAR includes lower procedure-related 
mortality and higher reintervention rates compared with open 
surgical conversion (OSC), though early survival benefit was 
reported to diminish with time [2-4].

In current practice, the majority of post-EVAR complications 
can be managed with endovascular treatment. However, 
OSC can be the last treatment option for patients for whom 
endovascular treatment failed or was unavailable [5-7]. Though 
the number of OSCs following EVAR has decreased with the 
improvement of endovascular devices and techniques [7], a 
small number of patients still require OSC to treat complications 
after EVAR procedures. According to many previous reports 
[6,8,9], OSC is technically demanding and carries significantly 
higher mortality and morbidity rates compared to those of 
elective standard OSC of the infrarenal AAA.

In the present study, we investigated the underlying causes 
of EVAR failures requiring OSC and attempted to determine a 
strategy to avoid OSC in EVAR patients. 

METHODS 
After approval from the Institutional Review Board (IRB) of 

Samsung Medical Center, we reviewed a database of patients 
who underwent OSC after standard EVAR at Samsung Medical 
Center between August 2005 and October 2018. The need 
for permission from the individual patients was waived for 
this study. Also, this retrospective study allowed the use of 
demographics and clinical characteristics of the patients by IRB 
(No. 2020-03-039).

OSC was defined as surgical opening of the aortic aneurysmal 
sac after EVAR regardless of removal of the aortic endograft. We 
excluded 3 primary OSCs during the EVAR procedure due to 
aortic rupture (n = 2) and access failure (n = 1) from this study.

For patients who underwent OSC, we investigated the 
indications and timing for OSC after EVAR. To determine the 
underlying causes of EVAR failure, we reviewed pre-, intra-, and 
postoperative CT or angiographic images, procedural details, 
and adjuvant procedures of EVAR. In addition to anatomical 
violation of device-specific indications for use (IFU) at the time 
of EVAR and late changes of aortoiliac anatomy and endograft 
device, we investigated periaortic infection sources by review 
of the pre- and post-EVAR CT images, history taking of febrile 
illness, trauma, or endovascular aortoiliac reintervention, or 
other invasive procedure around the time of detection of the 
endograft infection (EI). The type of endoleak was determined 
by reviewing the operative findings on OSC and imaging 
studies such as duplex ultrasonography, CT, and/or aortography. 

For treatment of endoleak, we attempted endovascular 
treatment first when clinically available. In a patient presenting 
with symptoms or signs of AAA rupture, we performed 
emergency OSC without attempting endovascular treatment.

To establish the diagnosis of EI, we followed the diagnostic 
criteria of the Management of Aortic Graft Infection 
Collaboration (MAGIC) from the European Society of Vascular 
and Endovascular Surgery [10]. For patients suspected to 
have EI, we performed Gram stain, aerobic and anaerobic 
bacterial cultures, and cultures for fungus and Mycobacterium 
tuberculosis with blood and surgical specimens to identify 
infective organisms. For treatment of EI, we performed in 
situ aortoiliac reconstructions with cryopreserved arterial 
allograft (CAA) after removal of all infected stent grafts and 
aortic tissue. CAAs were sourced from our institutional tissue 
bank; the cryopreservation technique and surgical procedure 
of the aortic reconstruction have been previously described 
[11]. Fig. 1 shows in situ aortoiliac reconstruction with CAA 
after total explantation of the aortic endograft. Following 
aortic reconstruction with CAA, we implemented an empirical 

A B C

Fig. 1. Total explantation of aortic 
endograft and in situ aortoiliac 
reconstruction with a composite 
cryopreserved arterial allograft 
(CAA) for a patient with endograft 
infection at 71 months after 
endovascular aneurysm repair. (A) 
Explanted aortic endograft. (B) In 
situ aortoiliac reconstruction with 
a composite CAA. (C) Omental 
wrapping around the allograft. 
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antibiotic therapy followed by selective therapy based on the 
bacterial culture and sensitivity test findings. For patients 
with EI, the duration of postoperative antibiotic use was at 
minimum 4 weeks of intravenous administration, followed 
by oral antibiotics until there was no clinical sign of infection 
and serum biologic markers (e.g., ESR, CRP, and WBC count) 
returned to normal levels. Infectious disease specialists were 
involved from the beginning of antibiotic therapy for all EI 
patients. 

After hospital discharge, patients were periodically followed 
in the outpatient clinic every 3–6 months to check clinical 
symptoms/signs of infection, elevation of serum biologic 
markers (e.g., CRP, ESR, and WBC count), and contrast-enhanced 
CT images to detect periaortic infection and morphologic 
changes of the implanted CAA. To assess outcomes of OSCs, 
we reviewed early (≤30 days) and late mortality and morbidity 
with suspected underlying causes. 

RESULTS
From August 2005 through October 2018, 26 OSCs were 

performed at Samsung Medical Center in 24 patients who 
had undergone standard EVAR to treat an infrarenal AAA. 
Nine patients (37.5%) were institutional patients, and 15 
patients (62.5%) were transferred in from other institutions. 
In 2 patients, 2 OSCs were performed for each patient. Table 
1 presents the characteristics of patients who underwent OSC 
after EVAR. 

Five EVARs (20.8%) were performed in patients with 
coexisting infection sources which included 2 infected AAAs 
(1 patient had an overlooked mycotic AAA at the time of EVAR 
and the other patient underwent an elective EVAR after 17 days 
of antibiotic therapy at the other institution) and 3 patients 
with periaortic infection source (psoas abscess [n = 2] and 
tuberculous osteomyelitis of lumbar vertebra [n = 1]) (Fig. 2). 
The patient with infected AAA who underwent EVAR following 

Table 1. Characteristics of 24 patients who underwent open 
surgical conversion 

Characteristic Data

Age (yr) 74.5 (49–83)
Male sex 19 (79.2)
Coexisting disease
   Diabetes mellitus 7 (29.2)
   COPD, moderate to severe 5 (20.8)
   Coronary artery disease 5 (20.8)
   Chronic renal failure on dialysis 3 (12.5)
Infection source at the time of EVAR
   Retroperitoneal abscess 2 (8.3)
   Tuberculous osteomyelitis of lumbar spine 1 (4.2)
   Infective AAA 2 (8.3)
      Overlooked 1 (4.2) 
      After antibiotic therapy 1 (4.2)

Values are presented as median (range) or number (%). 
COPD, chronic obstructive pulmonary disease; EVAR, 
endovascular aneurysm repair; AAA, abdominal aortic aneurysm.

Fig. 2. A CT image before endovascular aneurysm repair 
(EVAR) shows abdominal aortic aneurysm and coexisting 
right psoas abscess (arrow) in a patient who underwent open 
surgical conversion at 28 months after EVAR.

A B

Fig. 3. The CT images in a patient with infected abdominal aortic aneurysm who underwent endovascular aneurysm repair 
(EVAR) after 17 days of antibiotic therapy at another hospital. (A) An axial CT image at the level of the left renal vein at 6 
months after EVAR. (B) A new saccular aneurysm (arrow) at the anterior wall of the aorta at 7 months after EVAR, which 
displaced the left renal vein anteriorly.



 Annals of Surgical Treatment and Research 347

preoperative antibiotic therapy eventually developed a new 
small saccular aneurysm at the suprarenal aorta (Fig. 3) at 7 
months after EVAR and presented to us with septic symptoms 
and signs.

In Table 2, we summarized preoperative aortoiliac anatomy 
and details of the primary EVAR and reintervention procedures. 
As shown in this table, 54.2% (13 of 24 patients) of EVARs were 
performed outside of device-specific IFU and all violated device-
specific IFU regarding the proximal neck. 

The 2 most frequent indications for OSC were persistent 
endoleak (13 of 26, 50.0%) and EI (10 of 26, 38.5%), followed by 
huge (>10 cm in diameter) progressive sac expansion of the 
AAA sac without endoleaks (3 of 26, 11.5%). When we researched 
the possible causes of EVAR failure requiring OSC, unfavorable 
aortoiliac anatomy and presence of an infection source either 
at the time of EVAR or after EVAR were the 2 most common 
causes (Table 3). Among patients with EI, there were 3 patients 
with history of calf cellulitis (n = 1), bacterial pneumonia (n 
= 1), and dental procedure to treat gingival abscess (n = 1), in 

addition to 7 coexisting infections at the time of EVAR (Table 3).
Procedural details of OSCs are presented in Table 4. OSCs 

were performed at a median of 31.8 months (interquartile range 
[IQR], 9.4–69.8 months; range, 1–130 months) after EVAR urgent 
or emergency surgery in 4 cases (15.4%). For OSC, suprarenal 
aortic cross clamping was required in 5 cases (19.2%). Aortic 
endograft was removed totally (15 of 26, 57.7%) or partially (7 
of 26, 26.9%) while it was preserved in 4 patients (15.4%). Partial 
explantation of endograft was usually performed in cases of 
endoleak, and total explantation (n = 10) of the endograft was 
performed for patients with EI. In patients with suprarenal 
fixing devices, a syringe technique was used to avoid aortic wall 
injury caused by the barbs of the fixing device. 

We performed OSCs preserving aortic endograft for 4 cases 
with progressive sac enlargement without definite endoleak. 

Table 3. Indications for 26 OSCs and suspected causes of 
EVAR failure 

Indication Data Suspected causes of EVAR failure

Endoleak type 13 (50.0)
Ia 5 Reverse tapered neck (>20%) (n = 3)

Severe (>60°) angled proximal neck  
(n = 2)

Short proximal neck (<15 mm) (n = 2)
Large (>28 mm) proximal neck 

diameter (n = 1)
Ib   2a) Large (>25 mm) iliac diameter with 

short (<15 mm) iliac landing zone
IIIa 4 Late disconnection of iliac limb due to 

progressive sac enlargement and 
aortic remodeling

IIIb 2 Stitch hole bleeding from endograft  
(n = 1)

Aortic rupture (n = 1) 
Endograft 

infection
10 (38.5)

Coexisting 
infection 
source at 
the time of 
EVAR 

4 Infected AAA (n = 2)
   - Overlooked (n = 1) 
   - After antibiotic therapy (n = 1)
Psoas abscess (n = 1)
Lumbar spine osteomyelitis (n = 1)

Late, remote 
infection 
source 

3 Bacterial pneumonia (n = 1)
Gingival abscess (n = 1)
Calf cellulitis (n = 1)

AEF   3b) Infection or bowel erosion (n = 3)
Others   3 (11.5) Progressive aortic sac enlargement 

without endoleak or infection

Values are presented as number (%) or number only. 
OSC, open surgical conversion; EVAR, endovascular aneurysm 
repair; AAA, abdominal aortic aneurysm; AEF, aortoenteric 
fistula. 
Sac enlargement denotes huge (>10 cm) and progressive aneurysm 
sac enlargement.
a)Two patients with type Ib endoleak comprise 1 patient with 
combined type IIIa endoleak and 1 patient with bilateral type Ib 
endoleak. b) Three patients with AEF were double-counted for 
endograft infection and aortic rupture. 

Table 2. Details of aortoiliac anatomy and primary EVAR 
procedures in patients who underwent OSC

EVAR procedure Data (n = 24)

EVAR outside IFU (device-specific) 13 (54.2)
Proximal neck 13 (54.2)
   Short neck (<15 mm) 2
Large neck (>28 mm) 2
   Angled  >60°, ≤75° 6
   Reverse tapered >20% 7
Iliac landing zone 6 (25.0)
   Short CIA (<15 mm) 1
   Large CIA (>25 mm) 5
Two or more anatomic risks 8 (33.3)

Endograft device
Endurant (Medtronic, Minneapolis, MN, USA) 10 (41.7)
Zenith (Cook Medical, Bloomington, IN, USA) 6 (25.0)
Excluder (Gore, Newark, DE, USA) 4 (16.7)
AneuRx (Medtronic, Minneapolis, MN, USA) 3 (12.5)
Domestic 1 (4.2)

Adjunctive procedure during EVAR 7 (29.2)
Hypogastric artery embolization and iliac limb 

extension 
4

Palmaz stent (Cordis Corp., Hialeah, FL, USA) at 
the proximal neck

1

Proximal extension cuff 2
Late endovascular reintervention to treat type II 

endoleak 
4 (16.7)

Transfemoral arterial embolization 2
Translumbar AAA sac embolization 2

Values are presented as number (%) or number only. Numbers 
can be duplicated when they coexist.
EVAR, endovascular aneurysm repair; OSC, open surgical 
conversion; IFU, instruction for use; CIA, common iliac artery; 
AAA, abdominal aortic aneurysm. 
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All 4 patients showed progressive aneurysmal sac enlargement 
on follow-up CT images after sac obliteration surgery. One had 
aneurysmal sac size increased over 5.5 cm, eventually requiring 
redo OSC.

Table 5 demonstrates the early and late results of the 26 OSCs. 
There were 2 early postoperative deaths (7.7%), which were due 
to sudden onset of hemoperitoneum on the postoperative day 
12 and sudden onset hematemesis on the postoperative day 
22 after OSCs. As an early surgical complication, rupture of the 
middle colic artery branch (n = 1) and sigmoid colon ischemia 
combined with acute renal insufficiency (n = 1) developed. 

Table 4. Procedural details of OSCs

Procedure Data (n = 26)

Timing after EVAR (mo) 31.8 (9.4–69.8)
43.7 ± 37.4 (1–130)

Clinical status
   Urgent or emergent 4 (15.4)
   Elective 22 (84.6)
Aortic clamping
   Suprarenal 5 (19.2)
   Infrarenal 14 (53.8)
   Interrenal 2 (7.7)
   None 5 (19.2)
Endograft removal
   Total 15 (57.7)
   Partial 7 (26.9)
   None 4 (15.4)
Aortoiliac reconstruction 
   With prosthetic graft 12 (46.2)
   With cryopreserved arterial allograft 10 (38.5)
   Graft wrapping with omentum 9 (34.6)a)

Values are presented as median (interquartile range), mean ± 
standard deviation (range), or number (%). 
OSC, open surgical conversion; EVAR, endovascular aneurysm 
repair.
a)Omental wrapping was performed for all patients after primary 
aortic reconstruction with cryopreserved allografts except a 
patient who had previously undergone radical total gastrectomy 
due to gastric cancer. 

Table 5. Results of 26 OSCs in 24 patients

Result Data

Duration of follow-up (mo) 9.4 (1–111)
Loss to follow-up 1 (3.8)
Early (≤30 days) outcome
   Death 2 (7.7)
     Due to hematemesis 1 (3.8)a)

     Due to hemoperitoneum  1 (3.8)b)

   Complication 3 (11.5)
     Rupture of middle colic artery branch 1 (3.8)c)

     Sigmoid colon ischemia 1 (3.8)
     Acute renal insufficiency 2 (7.6)
Late (>30 days) outcome
   Death 1 (3.8)
   Aortoenteric fistula 2 (7.7)

Values are presented as median (range) or number (%). Number 
can be overlapped due to double counting.
a)One sudden death after hospital discharge occurred on the 
postoperative day 22 due to unidentified cause of hematemesis.  
b)Sudden hemoperitoneum developed on the postoperative day 12 
after open surgical conversion (OSC) with aortoiliac reconstruction 
using cryopreserved allograft for a patient with endograft infection 
and aortoenteric fistula. c)Rupture of the midcolic arterial branch in 
a patient with type I neurofibromatosis occurred on the 
postoperative day 6 after OSC.

A B

F ig .  4 .  Three-dimensional 
reformatted CT images in a 
patient who presented with 
aortoenteric fistula after open 
surgical conversion (OSC) due 
to endograft infection. (A) A CT 
image at 7 months after OSC 
(total explantation of the aortic 
endograft and in situ aortoiliac 
reconstruction with cryopreserved 
allograft. (B) A CT image at 27 
months af ter OSC showing 
focal dilatation (arrow) of the 
cryopreserved arterial allograft.
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Rupture of the middle colic artery branch occurred in a patient 
with type I neurofibromatosis on the 6th day after OSC, which 
was successfully treated with endovascular coil embolization of 
the branch. 

During the follow-up period (median, 9.4 months; 
IQR, 1.8–50.9 months; range, 1–130 months) after OSC, 2 
aortoenteric fistulas (AEF) (7.7%) developed as an aorta-related 
complication. One was detected at 27 months after an aortoiliac 
reconstruction with CAA for a patient with psoas abscess. There 
was sentinel gastrointestinal bleeding in the patient and focal 
dilatation of the CAA wall was detected on the follow-up CT 
image (Fig. 4). The patient was treated with redo OSC with CAA 
followed by antituberculous therapy. The other AEF developed 
in a patient who underwent OSC with preserving endograft and 
type IIIb endoleak. The patient developed AEF at 18 months 
after the first OSC. During the second OSC, we performed 
total explantation of the endograft and aortic reconstruction 
with CAA. This second OSC resulted in early postoperative 
death due to sudden development of hemoperitoneum on the 
postoperative day 12. 

There was 1 late death due to pneumonia at 5 months after 
OSC in a patient with hemodialysis-dependent chronic renal 
failure. The patient underwent OSC due to progressive, huge 
sac enlargement with persistent multiple type II endoleaks 
and consumption coagulopathy. For this patient, we controlled 
the type II endoleaks from inside of the sac and performed sac 
obliteration preserving endograft.

DISCUSSION
With the improvement of endovascular devices and 

endovascular technology, the frequency of EVAR failure was 
expected to decrease. However, the number of OSC has been 
increasingly reported in recent years [7,12]. This phenomenon 
can be explained by an increased cumulative frequency of 
EVAR-related complications with time and more aggressively 
performing EVAR for patients with especially unfavorable 
aortoiliac anatomy [13,14]. According to the National Surgical 
Quality Improvement Program (NSQIP) data of Ultee et al. 
[8], OSC showed significantly higher surgical mortality and 
morbidities than those of standard OSC of infrarenal AAA. 
Also, the variables of young age, female gender, non-white race, 
large aneurysmal diameter, and obesity were more frequently 
associated with OSC after EVAR.

The frequency of OSC has been reported around 2%, ranging 
from 0.9 to 6% after standard EVAR [5,6,8,9,15-20]. The reported 
frequency of OSC may vary according to the duration of follow-
up period and post-EVAR surveillance program as well as 
management strategy of the EVAR-related complications in 
each institution. Many recent review articles have suggested 
that OSC rates may be higher than reported when we take into 

account unreported cases of OSC [5,6,15-17].
In a meta-analysis of OSC after EVAR, Kouvelos et al. [12] 

reported that common indications for OSC were endoleak 
(62.4%) and EI (9.5%) [12]. Turney et al. [14] also reported that the 
main causes of OSC were type I or III endoleak, particularly in 
patients with hindering proximal neck anatomy. In our series, 
we have also experienced that endoleak and EI were the 2 
main causes of OSC. As in previous reports [12,14,20], we found 
that unfavorable proximal neck anatomy was the main cause 
of endoleak requiring OSC. In current practice, specialized 
stent-graft devices and equipment are used to cope with 
unfavorable neck anatomy. However, there have been reported 
heterogeneous results regarding their effectiveness and long-
term outcomes [21-23]. 

Among OSC patients, EVAR was performed outside the scope 
of anatomical IFU in 54.2% of our cases. When we consider the 
patients who underwent OSC due to endoleak, 90% of EVAR 
procedures were performed outside of IFU.

Among 10 patients who underwent OSC due to EI, we 
found coexisting infection sources in 7 patients (70.0%) which 
included 4 at the time of EVAR and 3 during the follow-
up period on our retrospective investigation. Sufficient 
preoperative evaluation for infection sources could reduce the 
possibility of postprocedural EI. Furthermore, late and remote 
sources of infection can also be prevented or better managed 
through the proper use of prophylactic antibiotics. 

Aortic rupture including AEF were also indications for 
OSC. OSCs were performed with (n = 22) or without (n = 4) 
endograft removal. We removed total endografts for all patients 
with EI and partially removed in patients with endoleak 
patients. AAA sac opening without removal of endograft was 
possible by performing control of endoleaks and obliteration of 
aneurysm sac for 4 patients with progressive sac enlargement 
without definite endoleak (n = 3) and type IIIb endoleak (n = 1). 
Those patients showed progressive aneurysmal sac enlargement 
and redo OSC was eventually required in 1 patient. We thought 
that AAA sac obliteration only cannot prevent the progression 
of aneurysm sac enlargement. 

An OSC procedure requiring endograft removal can be 
divided into 3 parts; aortic clamping and sac opening, endograft 
removal, and aortoiliac reconstitution. Among these procedures, 
endograft removal was the most challenging for us, especially 
in patients with suprarenal fixing endograft. During total 
explantation of suprarenal fixing stent graft, we used a syringe 
technique to reduce suprarenal aortic wall injury by the barbs 
on the fixing struts [24]. To avoid aortic wall injury by the sharp 
cut edge of the syringe, we used an electric bone saw to cut the 
syringe and bone file to smoothen the cut edge of the syringe.

The aortic wall in contact with aortic endograft for long 
durations is characterized by thinning and inflammation of the 
aortic wall with periaortic adhesion. An overzealous attempt 
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of total explantation may cause serious pararenal aortic wall 
injury, which may result in an intra- or postoperative disaster 
[18,24,25]. Therefore, part of the endograft can be preserved if 
it is not infected. In a patient who developed hemoperitoneum 
in the early postoperative period after OSC, we had difficulties 
in removing the endograft with the syringe technique. Though 
we were unable to confirm the exact source of postoperative 
bleeding, intraoperative aortic injury is suspected as a cause of 
intraperitoneal bleeding with CAA rupture. 

All implanted aortic prostheses are at risk for infection either 
at the time of implantation or later by way of hematogenous 
seeding. According to a report by Schermerhorn et al. [26], 
based on analysis of more than 45,000 Medicare beneficiaries, 
frequency of EI or AEFs at 4 years after EVAR was similar to 
those after OSC of AAA. While aortic graft infection is usually 
presented at an average of 3 years or later postoperatively, EI 
after EVAR often manifests earlier in graft infection after open 
surgery for reasons that remain unclear [27,28]. In our series, EI 
was detected at a median of 29.5 months (IQR, 7.1–74 months) 
after EVAR. 

The American Heart Association has recommended the 
use of prophylactic antibiotics before dental procedures in 
patients with a prosthetic cardiac valve, previous bacterial 
endocarditis, or cardiac transplant with valve regurgitation [29]. 
However, there had been no guidelines or recommendations for 
prophylactic use of antibiotics in patients with aortic endografts 
until the new practice guidelines of the Society for Vascular 
Surgery were released in 2018 [1]. According to these guidelines 
[1], appropriate antibiotic prophylaxis is recommended in 
patients with an aortic prosthesis who are undergoing any 
dental procedure or other invasive procedure involving the 
respiratory, gastrointestinal, or genitourinary tracts, particularly 
in immunocompromised patients.

As for the limitations of our retrospective study, we have 
to accept the possibility of selection bias due to the referral 

pattern of patients and local unavailability of the endovascular 
device in Korea to treat persistent endoleak. 

In conclusion, the 2 most common indications for OSC after 
EVAR were endoleak and EI. After OSC, we have experienced 
relatively higher rates of surgical mortality and morbidities. By 
this retrospective review of underlying causes of EVAR failure 
for patients requiring OSC, we confirmed that some of them 
were preventable by proper selection of EVAR candidates. To 
avoid OSC after EVAR, we recommend not performing EVAR for 
patients with severe unfavorable neck anatomy or coexisting 
infection sources. 
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