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The authors describe experience with conversions to open surgery after endovascular abdominal aneurysm repair 
and evaluate the frequency, causes and results of a total of 7 cases in their series of 165 patients treated over a 10-year 
period.

INTRODUCTION 

Based on lower operating risk, endovascular aneurysm 
repair (EVAR) is generally accepted as an alternative to 
abdominal aortic aneurysms (AAA) treatment despite 
its tendency to technical failure with a high re-interven-
tion rate1–3. Fortunately, most EVAR complications can 
be and are treated successfully using endovascular cor-
rections and conversions or open sugical corrections to 
achieve acceptable primary technical and longterm clini-
cal success4–5. Nevertheless, the higher operating risk 
conversion to open surgery (OS) is sometimes necessary 
in serious cases6–12.

METHODS

Conversion to OS after EVAR is defined as open an-
eurysm surgical repair with partial or total endovascular 
stentgraft removal. Any AAA open repair during or within 
30 days from the initial EVAR procedure was defined as 
early conversion. Any AAA open repair with stentgraft 
removal in the 30 days following completed EVAR pro-
cedure was defined as late conversion. When the AAA 
open surgery during the initial EVAR procedure was per-
formed, we talked about immediate - primary early con-
version. Conversion during subsequent operation was a 
secondary one. The indication to conversion for OS can 
be classified as acute (urgent) or elective12–15.

PATIENTS, METHODS

Between 1996 and 2005 we treated endovascularly 
165 patients with asymptomatic AAA. One type of stent-
graft system: Ella (ELLA CS, Hradec Králové, Czech 
Republic) was used for AAA exclusion in all patients. 

Stentgraft configuration included 3 aortic tubes, 136 bifur-
cated grafts, and 26 aortouniiliac grafts. Primary techni-
cal success of 93.9 %, primary assisted technical success 
of 98.8 % and secondary clinical success of 95.7 % was 
achieved. In 38 (23 %) patients a total of 51 immediate, 
early and late endovascular corrections (n = 15), endovas-
cular conversions (n = 2) and surgical corrections (n = 
34) were successfully used16–19. On the other hand, conver-
sion to open surgery was indicated in 7 (4.2 %) patients. 4 
(2.4 %) patients underwent early conversion. Immediate 
– primary conversion was done in 2 (1.2 %) patients 
due to type Ib endoleak (n = 1) and type IIIa endoleak 
(n = 1). Within the first three weeks, conversion was per-
formed in 2 (1.2 %) patients for type Ia endoleak (n = 1) 
electively (Fig. 1) and for stentgraft thrombosis (n = 1) 
acutely. During the follow-up period (min 1 month, max 
120 months) 3 (1.9 %) of the remaining 161 patients un-
derwent late conversion to open surgery for late type Ia 
endoleak electively (n = 2) and for rupture acutely (n = 1) 
(Fig. 2). There were 4 unsuccessful endovascular reinter-
ventions in 3 patients prior to decision for conversion. A 
total of 7 stentgrafts – aortic tube graft (n = 1), bifurcated 
(n = 5) and aortouniiliac (n = 1) – were removed. Open 
surgery was approached via a median laparotomy under 
general anesthesia in all patients. After exposure of the 
aneurysm, the aorta was cross – clamped infrarenally in 3 
(43 %) and suprarenally in 2 (29 %) patients. In 2 (29 %) 
patients (with a short infrarenal neck and stentgraft fixa-
tion with uncovered segment across the renal artery ori-
gins) aorta clamping above the celiac trunk was necessary. 
The suprarenal and supraceliac aorta was clamped only 
temporarily for a short time (about 3 min) of stentgraft 
removal with infrarenal clamp reposition thereafter. All 
stentgrafts were removed completely via aneurysmal sac 
incision by manual compression of the aorta and tempo-
rary opening of the infrarenally positioned aortic clamp. 
Extraction of the iliac limbs was technically without dif-
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ficulties. There was no severe aortic or iliac wall damage 
due to the anchoring barbs. Reconstruction using bifur-
cated prosthesis with iliac or femoral connection was per-
formed in 5 (72 %) patients (Fig. 1); aorto-iliac in two and 
aorto-femoral in three. Aortic tube graft was used in one 
patient and aortouniiliac graft in the last one (using the 
femoral femoral cross over bypass as a part of the prior 
aortouniliac exclusion). Despite the technical success of 
the conversion, both of our patients indicated for acute 
conversion died due to multiorgan failure. Elective conver-
sion did not lead to any mortality and there were no severe 
cardial, pulmonary or renal morbidity. 

DISCUSSION AND CONCLUSION

The total rate of conversions to open surgery in our 
patients series is low (7 of 165, 4.2 %). Early conversion 
to OS is connected with specific complications caused by 
severe tactical mistakes in EVAR indication due to incor-
rect morphology evaluation, in stentgraft measurement 
and stentgraft configuration planning. Access problems, 
technical – mechanical failure during stentgraft introduc-
tion and implantation can lead to immediate (primary) 
conversion to OS7, 9, 13, 20–22.

Early primary conversion was indicated immediately 
in case of type Ib endoleak caused by failed aortic tube 
graft fixation in distal aortic neck too short for this type 
of stentgraft, and in case of type IIIa endoleak caused by 
failed contralateral bifurcated stentgraft limb implantation 

Fig. 1.  A 52year old man was indicated for elective early secondary conversion to open surgery
 3 weeks since primary EVAR.
 A, C: CT angiography after the primary endovascular procedure. Endoleak Ia, collapsed and thrombosed 

body of bifurcated stentgraft.
 B:  Drawing of type Ia endoleak caused by collapsed stentgraft body 
 D: Removed aneurysmal sac with implanted stentgraft. The body of the stentgraft is not fully expanded, it is 

collapsed. 
 E: Open surgical aorto-biiliac reconstruction using bifurcated dacron prosthesis
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due to total unfavourable stentgraft body rotation. There 
were no access problems requiring conversion to OS in 
our patients. Early secondary conversion due to primary 
type Ia endoleak was indicated electively one week after 
the primary endovascular procedure. The cause of EVAR 
failure was an unexpanded (collapsed) stentgraft body due 
to incorrect (large) stentgraft body diameter (Fig. 1). In 
these three patients, endovascular repair was also tech-
nically possible. In the begining of our experience, we 
decided for OS conversion as the easier and safer repair 
option, especially when the patients were of low operating 
risk. Acute secondary conversion in case of aortouniliac 
stentgraft thrombosis caused by graft kinking in angulated 
aneurysmal sac three weeks after the implantation, was 
neccessary. 

Late conversions are indicated for specific EVAR 
complications, which accompany aortic and stentgraft 
changes over time. A higher rate of late conversion was 
observed especially in patients with extreme morpho-
logical indications; large aneurysm diameters, short or 
large proximal neck and significant neck or aneurysmal 
angulation4–5, 8–10, 13, 22. Proximal aortic neck dilatation with 
secondary hemodynamic high flow type Ia endoleak in 
one patient and neck dilatation followed by stentgraft mi-
gration and kinking were our indications for elective late 
conversion to OS. AAA rupture after EVAR is not a fre-
quent, but also not a rare complication requiring conver-
sion to OS8, 23–24. AAA rupture in our urgent OS indicated 
patient was secondary due to distal graft migration into 
the aneurysmal sac owing to proximal aneurysmal neck 

Fig. 2. An 84year old man was indicated for acute late conversion to open surgery 2 years since primary EVAR.
 A: DSA. Successful EVAR using bifurcated stentgraft
 B,C: CTA. Not thrombosed aneurysmal sac with perigraft blood lood-flow (type Ia endoleak) ruptured to the 

left with retroperitonal haemathoma
 D: Peroperative view. Aneurysmal sac ruptured on the left side with retroperitoneal haema thoma
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dilatation with type Ia endoleak that developed over the 
two years since EVAR (Fig. 2). The stentgraft configura-
tion and stentgraft system type has a significant impact 
on the occurrence of late conversion to OS. Poor results 
of tube stentgrafts have been reported and some techni-
cal problems and structural failure especially in so called 
“first generation stentgrafts” have been mentioned21–22, 25–27. 
In these cases, prophylactic conversion is recommended 
in some reports15. We can state that the preferred bifur-
cated stentgraft configuration and the Ella stentgraft sys-
tem (ELLA CS, Hradec Králové, Czech Republic) with 
custom-made stentgrafts we used for AAA exclusion in 
all the patients in our series contributed much to the low 
conversion rate in our series16–18. Sufficient follow-up is 
neccessary to identify all severe late EVAR complications 
in time. According to our current follow-up protocol, an-
giography (DSA) is done on the tenth postoperative day, 
computed tomography angiography (CTA) and plain ab-
dominal X-ray is performed annually afterwards. Based 
on our 10-year experience, we considered the follow-up 
screening sufficient18, 28. Unfortunately, not all of the pa-
tients showed a responsible attitude to follow-up checks8. 
This was one of our acute rupture case causes. We do 
not confirm that OS is more risky due to the presence of 
stentgraft in the operating field. The complete stentgraft 
removal is technically the easiest and most successful, as 
in our cases. Suprarenal and supraceliac aorta clamping 
is only temporary for a short time of stentgraft removal 
with immediate infrarenal clamp reposition thereafter and 
does not lead to severe visceral or renal ischaemia with in-
creased morbidity. In addition, partial stentgraft removal 
is possible where necessary. The stentgraft is transsected, 
the proximal body part is left in situ, and is incorporated 
in the suture line of the new graft. This technique seems 
to be an option in case of stentgraft incorporation in 
the aortic wall, especially with suprarenal fixation13, 15, 29. 
Revascularisations using in situ reconstruction after stent-
graft removal is the best option. An alternative to in situ 
reconstruction is infrarenal aorta ligature and extraana-
tomical revascularisation using axillobifemoral bypass, 
which is the method of choice in cases of severe stentgraft 
infection11. We have no experience with this as no stent-
graft infections were observed in our patients.

The reported experience shows high mortality (30–
40 %) and morbidity rates associated with immediate (pri-
mary) or acute secondary conversions to OS especially 
in unfit patients and in cases of ruptured aneurysm in 
contrast to elective early or late ones6, 8, 12, 24, 30. The results 
of our 7 patients are not in contradiction with these re-
ports. Two patients who successfully required immedate 
(primary) conversion were of acceptable operating risk 
for open aortic surgery (ASA II–III). On the other hand, 
both patients who died after acute (urgent) secondary 
conversion were high operating risk (ASA IV) patients 
and were admitted in a severe condition; the patient with 
AAA rupture was in hemorrhagic shock and the patient 
with stentgraft thrombosis had critical ischemia of both 
limbs. Successful elective early and late conversions in 
three patients (ASA III–IV) proved it to be a safe proce-

dure. The decision in favour of conversion to open sur-
gery should be considered very carefully. Conversion to 
OS is indicated in cases of EVAR complications where 
endovascular corrections or conversions as well as surgi-
cal corrections are not posssible or were unsuccessful. 
From the technical point of view, conversion to OS is 
possible in all cases and may be the safest option, but 
all procedures of conversion expose the patient to in-
creased risk7. Therefore, a complete risk/benefit assess-
ment is performed for each patient before conversion to 
OS is indicated12. In a patient of an extremely high risk it 
may be determined that it is safer to manage some cases 
conservatively (observation, endoleak monitoring) and 
conversion is indicated in case of aortic rupture or stent-
graft thrombosis threat only31. On the other hand, elective 
conversion to OS is recommended in patients of accept-
able surgical risk with unknown cause of AAA growth 
after EVAR. This can reduce the number of fatal urgent 
cases12. The current absolute indications for conversion 
to OS are determined; as primary (immediate) in case 
of stentgraft implantation failure leading to the inability 
to deploy the prosthesis and exclude the aneurysmal sac 
from the direct blood flow or resulting in aortic rupture or 
obstruction of both iliac arteries, and as secondary for he-
modynamically high flow persistent endoleak, continued 
AAA growth without evidence of endoleak and infected 
stentgraft7, 10, 13. Appropriate patient selection, correct siz-
ing of prostheses and good procedural technique are of 
importance in EVAR failure and thus in the prevention 
of the risk involved in the conversion to OS32–34. When 
extreme AAA morphological indication is neccessary 
(in high risk patients with acute AAA repair indication), 
the application of a combination of EVAR and primary 
planned associated surgery (combined strategy) is rec-
ommended to prevent complications14, 35–39. However, the 
basis of better EVAR results should be an improvement 
in the endovascular technique and stentgraft system con-
struction in the future40.

REFERENCES

 1. Cao P, Verzini F, Parlani G, Romano L, De Rango P, Pagliuca V. 
(2004) Clinical effect of abdominal aortic aneurysm endografting: 
7-year concurent comparison with open repair. J Vasc Surg 40, 
841–848.

 2. EVAR Trial participants. Endovascular aneurysm repair versus 
open repair in patients with abdominal aortic aneurysm (EVAR 
trial 1): randomised controlled trial. (2005) Lancet 365, 2179–
2186.

 3. Blankenstein JD, de Jong SE, Prinssen M, van der Ham AC, Buth 
J, van Sterkenburg SM. (2005) Two-years outcomes after conven-
tional or endovascular repair of abdominal aortic aneurysms. N 
Engl J Med 352, 2398–2405.

 4. Flora HS, Chaloner EJ, Sweeney A, Brookes J, Raphael MJ, 
Adiseshiah M. (2003) Secondary intervention following endovas-
cular repair of abdominal aortic aneurysm: a single centre experi-
ence. Eur J Vasc Endovasc Surg 26, 287–292.

 5. Verhoeven ELG, Tielliu IFJ, Prins TR, Zeebregts CJAM, van 
Andringa de Kempenaer MG, Cina CS, van den Dungen JJAM. 
(2004) Frequency and outcome of re-interventions after endovas-
cular repair for abdominal aortic aneurysm: a prospective cohort 
study. Eur J Vasc Endovasc Surg 28, 357–364



169 Conversion to open surgery  after endovascular abdominal aortic aneurysms repair

 6. May Y, White GH, Yu W, Waugh R, Stephen M, Sieunarine K. 
(1997) Conversion from endoluminal to open repair of abdominal 
aortic aneurysm. A hazardous procedure. Eur J Vasc Endovasc 
Surg 14, 4–11.

 7. May J, White GH, Yu W, Waugh R, Stephens MS, Chaufour X., 
Harris JP. (1998) Endovascular grafting for abdominal aortic an-
eurysms: changing incidence and indication for conversion to open 
operation. Cardiovasc Surg 6, 194–197.

 8. Harris PL, Vallabhaneni SR, Desgranges P, Becquemin JP, van 
Marrewijk C, Laheij RJF. (2000) Incidence and risk factors of 
late rupture, conversion and death after endovascular repair of in-
frarenal aortic aneurysms: the EUROSTAR experience. European 
Collaborators on Stent/graft techniques for aortic aneurysm repair. 
J Vasc Surg 32, 739–749.

 9. Cuypers PW, Laheij RJ, Buth J. (2000) Which factors increasethe 
risk of conversin to open surgery following endovascular abdominal 
aortic aneurysm repair? The EUROSTAR collaborators. Eur J Vasc 
Endovasc Surg 20, 183–189.

10. Ohki T, Veith FJ, Shaw P, Lipsitz E, Suggs WD, Wain RA, Bade 
M, Mehta M, Cayne N, Cynamon J, Valldares J, McKay J. (2001) 
Increasing incidence of midterm and long-term complications after 
endovascular graft repair of abdominal aortic aneurysms: a note of 
caution based on a 9-year experience. Ann Surg 234, 323–334.

11. Schlensak C, Doenst T, Hauer M, Bitu-Moreno J, Uhrmeister P, 
Spillner G. (2001) Serious complications that required surgical 
interventions after endoluminal stent-graft placement for the treat-
ment of infrarenal aortic aneurysms. J Vasc Surg 34, 198–203.

12. Verzini F, Cao P., De Rango P, Parlani G, Xanthopoulos D, Iacono 
G, Panuccio G. (2006) Conversion to open repair after endograft-
ing for abdominal aortic aneurysm: causes, incidence and results. 
Eur J Vasc Endovasc Surg 31,136–142.

13. May J, White G H, Harris PJ. (1999) Early and late conversion 
from endoluminal to open repair. Semin Vasc Surg 12, 207–214.

14. Chaikoff EL, Blankenstein JD, Harris PL, White GH, Zarins 
ChK, Bernhard VM, Matsumura JS, May J, Veith FJ, Fillinger 
MF, Rutherford RB, Kent KG, for the Ad Hoc Committee for 
Standardized Reporting Practices in Vascular Surgery of the 
Society for Vascular Surgery/American Association for Vascular 
Surgery. (2002) Reporting standards for endovascular aortic an-
eurysm repair. J Vasc Surg, 35, 1048–1060.

15. Tiesenhausen K, Hessinger M, Konstantiniuk P, Tomka M, 
Baumann A, Thalhammer M, Portugaller H. (2006) Surgical 
cvonversion of abdominal aortic stent-grafts-outcome and techni-
cal consideration. Eur J Vasc Endovasc Surg 31, 36–41.

16. Utíkal P, Köcher M, Bachleda P, Novotný J, Ürge J, Dráč P. (2000) 
Tříleté zkušenosti stentgraftingem AAA ve FN UP v Olomouci. 
Prakt Flebol 9,175–179.

17. Köcher M, Utíkal P, Buriánková E, Koutná J, Bachleda P, |Novotný 
J, Heřman M, Benýšek V, Bučil J, Černá M. (2001) Čtyřleté 
zkušenosti se stentgraftem ELLA v endovaskulární léčbě AAA. 
Čes Radiol 55, 159–166.

18. Köcher M, Utíkal P, Koutná J, Bachleda P, Buriánková E, Heřman 
M, Bučil J, Benýšek V, Černá M, Kojecký Z. (2004) Endovascular 
treatment of abdominal aortic aneurysms-6 years of experience 
with Ella stent-graft system. Eur J of Radiol 51, 181–188.

19. Köcher M, Utíkal P, Bachleda P, Novotný J. (2001) Endovascular 
conversion – the possible solution of intersegmental endoleak in 
patient with AAA treated by bifurcated type of stentgraft. Eur J 
Vasc Endovasc Surg Extra – online version.

20. Boyle JR, Thompson MM, Clode-Baker EG. (1998) Torsion and 
kinking of unsupported aortic stentgrafts: Treatment by endovas-
cular intervention. J Endovasc Surg 5, 216–221.

21. Jacobowitz GR, Lee AM, Riles TS, for the EVT investigators. 
(1999) Immediate and late explantation of endovascular aortic 
grafts: the endovascular technologies experience. J Vasc Surg 29, 
309–316.

22. Datillo J, Brewster DC, Fan CM, Celler SC, Cambria RP, 
Lamuraglia GM. (2002) Clinical failures of endovascular abdomi-
nal aortic aneurysm repair: incidence, causes, and management. J 
Vasc Surg 35, 1137–1147.

23. Alimi YS, Chakfe N, Rivoal E, Slimane KK, Valerio N, Riepe G, 
Kretz JG, Juhan C. (1998) Rupture of an abdominal aortic aneu-
rysm after endovascular graft placement and aneurysm size reduc-
tion. J Vasc Surg 28, 178–183.

24. Bernhard VM, Mitchell RS, Matsumura JS, Brewster DC, Decker 
M, Lamparello P. (2002) Ruptured abdominal aortic aneurysm 
after endovascular repair. J Vasc Surg 35, 1155–1162.

25. Terramani TT, Chaikof EL, Rayan SS, Lin PH, Najibi S, Bush RL. 
(2003) Secondary conversion due to failed endovascular abdominal 
aortic aneurysm repair. J Vasc Surg 38, 473–478.

26. Alric P, Hinchliffe RJ, Wenham PW, Whitaker SC, Chuter TAM, 
Hopkinson BR. (2003) Lessons learned from the long-term follow 
up of a first-generation aortic stent graft. J Vasc Surg 37, 367–
373.

27. Torella F. (2004) Effect of improved endograft design on outcome 
of endovascular aneurysm repair. J Vasc Surg 40, 216–221.

28. Černá M, Köcher M, Utíkal P, Benýšek V, Bučil J, Heřman M, 
Bachleda P, Koutná J. (2005) Úprava protokolu sledování nemoc-
ných po endovaskulární léčbě aneuryzmatu abdominální aorty na 
základě retrospektivní analýzy vývoje velikosti vaku aneuryzmatu 
a výskytu endoleaků. Čes Radiol 59,153–161.

29. May J, White GH, Harris JP. (1999) Techniques for surgical con-
version of aortic endoprosthesis. Eur J Vasc Endovasc Surg 18, 
284–289.

30. May J, White GH, Stephen MS, Harris JP. (2004) Rupture of 
abdominal aortic aneurysm: concurrent comparison of outcome 
of those occuring after endovascular repair versus those occuring 
without previous treatment in an 11-year single-center experience. 
J Vasc Surg 40, 861–866.

31. White G H, May J, Petrasek P. (2000) Specific complications of 
endovascular aortic repair. Semin Intervent Cardiol 5, 35–46.

32. May J, White GH, Yu W, Waugh RC, McGahan T, Stephen MS, 
Harris JP. (1994) Endoluminal grafting of abdominal aortic aneu-
rysms: causes of failure and their prevention. J Endovasc Surg 1, 
44–52.

33. Carpenter JP, Baum RA, Barker CF. (2001) Impact of exclusion 
criteria on patient selection for endovascular abdominal aortic an-
eurysm reparir. J Vasc Surg 34, 1050–1054.

34. Chaikof EL, Fillinger MF, Matsumura J S. (2002) Identifying and 
grading factors that modify the outcome of endovascular aortic 
aneurysm repair. J Vasc Surg 35, 1061–1066.

35. May J, White GH, Yu W, Waugh RC, Stephen MS. Harris JP. 
(1996) Results of endoluminal grafting of abdominal aortic aneu-
rysms are dependent on aneurysm morphology. Ann Vasc Surg 10, 
254–261.

36. Yano OJ, Faries PL, Morrisey N, Teodorescu V, Hollier LH, Marin 
ML. (2001) Ancillary techniques to facilitate endovascular repair 
of aortic aneurysms. J Vasc Surg 34, 69–75. 

37. Utíkal P, Köcher M, Bachleda P, Dráč P, Buriánková E, Kojecký 
Z, Ürge J. (2001) Léčba AAA na přelomu tisíciletí – stentgrafting 
– role cévního chirurga. Prakt Flebol 10, 111–113.

38. Greenberg RK, Clair D, Srivastava S, Bhandari G, Turc A, 
Hampton J. (2003) Should patients with challenging anatomy be 
offered endovascular aneurysm repairJ J Vasc Surg 38, 990–996.

39. Utíkal P, Köcher M, Koutná J, Bachleda P, Dráč P, Černá M, 
Buriánková E, Herman J. (2005) Combined strategy in AAA elec-
tive treatment. Biomed Pap Med Fac Univ Palacky Olomouc 149, 
159–163.

40. Torella F. (2004) Effect of improved endograft design on outcome 
of endovascular aneurysm repair. J Vasc Surg 40, 216–221.


