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Elective late open conversion after endovascular aneurysm repair is
associated with comparable outcomes to primary open repair of
abdominal aortic aneurysms

Robin Chastant, MD,? Ludovic Canaud, MD, PhD,? Baris Ata Ozdemir, FRCS, PhD,>° Pierre Aubas, MDS
Nicolas Molinari, MD, PhD, Eric Picard, MD,% Pascal Branchereau, MD,“ Charles-Henri Marty-Ané, MD, PhD,?
and Pierre Alric, MD, PhD,® Montpellier and Nimes, France; and Bristol, United Kingdom

ABSTRACT

Objective: Three of four patients with infrarenal abdominal aortic aneurysm are now treated with endovascular aneu-
rysm repair (EVAR). The incidence of secondary procedures and surgical conversions is increasing for a population
theoretically unfit for open surgery. The indications and outcomes of late open surgical conversions after EVAR in a high-
volume tertiary vascular unit are reported.

Methods: This retrospective single-center study includes all patients who underwent a late open conversion between
January 1996 and July 2018. Data were collected from records on patient demographics, operative indications, surgical
strategy, perioperative outcomes, and medium-term survival.

Results: Sixty-two consecutive patients (88.7% male) with a mean age of 77.5 years are included. The median duration
since index EVAR was 38.5 months; 65% of stent grafts requiring late open conversion had suprarenal fixation. Indications
included 22.6% type IA, 16.1% type IB, and 45.2% type Il endoleaks; 12.9% graft thrombosis; and 14.5% endoprosthesis
infection. Complete endograft explantation was performed in 37.1% of patients and a partial explantation in 54.8%,
whereas 8.1% of stent grafts were wholly preserved in situ. Overall 30-day mortality was 12.9% (n = 8) in the cohort and
2.7% for elective patients. The all-cause morbidity rate was 40.1%, and the median length of hospital stay was 9 days. After
follow-up of 28.4 months (range, 1.8-187.3 months), all-cause survival was 58.8%. Avoidance of aortic clamping (P = .006)
and elective procedures (P = .019) were associated with a significant reduction in the length of hospital stay. Moreover,
the 30-day mortality (P =.002), occurrence of postoperative renal dysfunction (P =.004), and intestinal ischemia (P =.017)
were increased in the emergency setting. Excluding cases with rupture or infection, survival estimates were 97%, 97%,
and 71% at 1 year, 2 years, and 5 years, respectively.

Conclusions: Technically more complex than primary open surgery, late open conversion is a procedure that generates
an acceptable perioperative risk when it is performed in a high-volume aortic surgical center. Elective open conversion is
associated with excellent early and late outcomes. Endograft preservation strategies decrease perioperative morbidity.

Keywords: Abdominal aortic aneurysm; Open surgical repair; Endovascular aneurysm repair; Late open conversion;
Delayed stent graft explantation

The technical evolution of stent grafts has resulted in the
technical suitability of most infrarenal abdominal aortic an-
eurysms (AAAs) for either standard or complex endovascu-
lar exclusion. Although endovascular aneurysm repair
(EVAR) is associated with low perioperative mortality and
morbidity, the midterm and long-term consequences of
EVAR have resulted in an increasing number of cases
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undergoing secondary procedures and late open surgical
conversions.' A late open conversion requires the use of spe-
cific strategies and techniques in patients who were previ-
ously assessed as less suitable for open repair. Endoleak,
with a prevalence of 30%, is the main predictor of post-
EVAR reintervention.” Societal guidelines recommend early
management and careful monitoring.® This study details



the single-center experience of an aortic unit in managing
patients requiring late open conversion after EVAR.

METHODS

Data records. Late open conversion was defined as open
surgical repair of infrarenal AAA occurring >30 days after
EVAR. Patients to be included were identified by
screening of physical and electronic operating room log
books, with the assistance of clinical coders from the
Department of Medical Information. Data collection and
analysis were retrospective, using paper records and elec-
tronic records thereafter. To ensure an accurate follow-up
of each patient, postoperative consultation letters were
obtained, and either the patient or the patient’s general
practitioner was contacted by phone.

This study was approved by the Local Committee for
Research Ethics of the university hospital center and
declared compliant by the Comité National Francais de
I'Informatique et des Libertés. Individual patient consent
was waived for inclusion in the study.

Patients. Demographic data included age, sex, comor-
bidities (cardiovascular risk factors, coronary heart dis-
ease, arrhythmia, heart failure, chronic respiratory
failure, chronic renal failure, body mass index, history of
abdominal surgery), and use of an antiplatelet or antico-
agulant treatment. The American Society of Anesthesiol-
ogists class reported was determined by specialized
cardiovascular anesthetists.

The EVAR implantation date, location, device, and
anatomic characteristics as well as presence or absence
of early endoleak were recorded. The main indication
for and urgency, surgical strategy, and technical details
of late open conversion were determined.

Operative strategy. Partial explantations for type | or
type Il endoleaks were performed whenever possible to
avoid extensive dissection and the potential morbidity.
The whole endograft was preserved when the indication
for conversion was an isolated type Il endoleak. Neverthe-
less, interventions were adapted according to intraopera-
tive findings and the perceived reliability of the
endoprosthesis components left in situ. Total explantation
was advocated in case of sepsis and aortoenteric fistula.

End points. The primary end point was postoperative
mortality at 30 days. Secondary end points were periop-
erative morbidity, acute kidney injury (AKI), length of stay
in critical care, length of hospital stay, and long-term
survival.

AKI was considered significant when the serum creati-
nine concentration was higher than twice its initial value,
sudden in onset (1-7 days), and persistent for >24 hours,
in association with oliguria (diuresis <0.5 mL/kg/h during
at least 12 hours), or when temporary or permanent he-
modialysis was required. These criteria correspond to
the Injury stage of the Risk, Injury, Failure, Loss of kidney

ARTICLE HIGHLIGHTS

- Type of Research: Single-center,
cohort study

Key Findings: Among 62 late open conversions after
endovascular aneurysm repair, 30-day mortality was
significantly higher in urgent or emergent proced-
ures compared with elective (25% vs 2.9%). Urgent
or emergent cases had significantly increased rates
of postoperative renal dysfunction, longer critical
care and hospital stays, and higher midterm mortal-
ity. Suprarenal fixation was not associated with sig-
nificant differences in outcomes. Excluding rupture
and infection, survival estimates were 97%, 97%,
and 71% at 1 year, 2 years, and 5 years, respectively.
Take Home Message: Elective late open conversion
is a safe and reliable strategy with outcomes compa-
rable to primary repair; thus, endoleaks must be
detected and appropriately managed to reduce
the risk of rupture.

retrospective

function, and End-stage (RIFLE) classification and to
stage 2 of the Kidney Disease Outcomes Quality Initia-
tive* classification.

Each patient was clinically reviewed in a postoperative
period of 3 to 6 months after late open conversion.
Within this time frame, all patients underwent arterial
duplex ultrasound examination of the aorta and lower
limbs, supplemented by contrast material injection after
partial or complete graft preservation to detect endo-
leaks. If doubt remained, computed tomography angiog-
raphy was performed.

Statistics. Statistical analysis was performed using SAS
statistical software version 9 (SAS Institute, Cary, NC). The
threshold of statistical significance was set at P < .05. Dif-
ferences between subgroups were assessed using mean
comparison tests (Student or Wilcoxon as a function of
the distribution) for quantitative variables and either
the y* or Fisher exact test for the qualitative variables.
Kaplan-Meier methodology was used to estimate sur-
vival probabilities. Results are expressed as means or
medians for continuous variables and as frequency and
percentages for categorical variables.

RESULTS

Demographics. Sixty-two consecutive patients under-
went late open conversion between January 1996 and
July 2018. Fifty-five patients were male (88.7%), and the
mean age was 77.5 + 8.7 years. Complete patient de-
mographic data and comorbidities are presented in
Supplementary Table | (online only). Mean aneurysm size
was 713 = 219 mm. The median time from the index
EVAR procedure to late open conversion was
38.5 months (range, 4.5-132 months).



Indications. Late open conversion was required in most
cases secondary to endoleaks (72.5%) but also for stent graft
thrombosis (12.9%) and infection (14.5%). Of the 45 patients
with endoleak as the indication, 14 had type IA, 9 had type
IB, 28 had type Il, and 6 had type Il endoleaks and 2 had
endotension (13 patients had more than one demonstrable
endoleak type). Twenty patients (32%) had previously un-
dergone one or more (range, 1-3) endovascular procedures
before late open conversion. Fourteen of these procedures
were one or more attempted embolizations for endoleak,
whereas six involved the implantation of additional stent
grafts. Mean time to late open conversion after the last sec-
ondary endovascular procedure was 15.5 months (range, 5-
70.5 months).

Of these cases, 4.8% (3) had an acute infection with
sepsis, 6.5% (4) a persistent chronic infection, and 3.2%
(2) an aortoenteric fistula. Twelve late open conversions
(19.4%) were performed in a life-threatening emergency
including AAA rupture and septic shock associated with
graft infection or aortoenteric fistula (emergency group),
requiring immediate surgery. Urgent status (16 [25.8%])
was assigned to those whose clinical condition permitted
surgical conversion beyond 24 hours (urgent group). These
consisted mainly of intact symptomatic aneurysms, lower
limb ischemia with Rutherford class | or lla status, and
infection without evidence of septic shock. Thirty-four
(54.8%) procedures were performed electively.

The stent grafts were generally bifurcated in 56 (90%)
and included suprarenal fixation in 40 (65%). The devices
requiring reintervention were Zenith (Cook Medical,
Bloomington, Ind) in 21 cases (34%), Excluder (W. L
Core & Associates, Flagstaff, Ariz) in 17 (27%), Endurant
(Medtronic, Santa Rosa, Calif) in 9 (15%), Talent (Med-
tronic) in 7 (11%), Anaconda (Vascutek, Terumo,
Inchinnan, Scotland, United Kingdom) in 2 (3%), and
first-generation stent graft in 3 (5%). The make of the
endograft could not be determined for three patients
from the records available.

Operative management. A retroperitoneal approach
was used in 13 patients (21%) and minilaparotomy (up
to 8 cm)® in six (10%). The remainder (43 [69.4%]) of the
procedures were transperitoneal. Proximal aortic cross-
clamping was supraceliac in 7 (11.3%), supramesenteric
in 1 (1.6%), suprarenal in 16 (25.8%), and infrarenal in 29
(46.8%). The aortic clamp time was not recorded in 10
patients. The mean total aortic clamp time was 23.5 mi-
nutes above the renal arteries and 44.9 minutes below
the renal arteries. In cases of multiple endoleaks, cross-
clamping was needed for partial or total explantation.
In case of an isolated type Il endoleak, a sacotomy was
preferred with ligature of the target collateral artery
without clamping. Aortic clamping was also not required
in five patients (8.1%) because vascular reconstruction
was not required (Table |). Owing to the wide distribution
of clamp level (supraceliac, supramesenteric, suprarenal,

Table I. Operative characteristics

Aortic clamping

Supraceliac 7 (11.3)
Supramesenteric 1(1.6)
Suprarenal 16 (25.8)
Inter-renal 3 (4.8)
Infrarenal 29 (46.8)
Single limb 1(1.6)
No clamp 5(81)
Aortic occlusion balloon 0 (0)
Clamping duration, minutes
Suprarenal clamping® 235
Infrarenal clamping® 449
Explantation
Complete explantation 23 (37.)
Partial explantation 34 (54.8)
Proximal fixation preservation 17 (27.4)
Limb preservation 9 (14.5)
Proximal fixation and limb 8 (12.9)
preservation
Complete in situ stent graft 5(81)
preservation
Vascular reconstruction
Aortoaortic tube 19 (30.6)
Aortobi-iliac 32 (51.6)
Aortofemoral or complex 6 (9.7)
Sacotomy with graft salvage 5(81)

Categorical variables are presented as number (%). Continuous vari-
ables are presented as means.

2Twenty-four patients.

PSix patients did not undergo clamping; 10 patients with missing or
imprecise data.

inter-renal, infrarenal, single limb) and the variable
recording of cross-clamping time in the early patients in
this series, safe conclusions on the consequences of
aortic clamp position cannot be reported. Median and
mean operative times were, respectively, 146 and
160 minutes. Complete preservation of the endograft
significantly reduced the operative time (89 minutes vs
146 minutes [partial explantation] and 166 minutes [total
explantation]; P=.002), length of stay (6 days vs 9 days vs
10.5 days; P = .006), and transfusion requirements (O unit
vs 2.9 units vs 5.1 units; P = .011; Table IlI) and was not
associated with changes in mortality. When vascular
reconstruction was required, the chosen vascular sub-
stitutes were mainly prosthetic (48 [77.4%]), and in cases
of infection, arterial allograft (7 [11.3%]) and physician-
made xenopericardial grafts were used (2 [3.2%]).

Morbidity and 30-day mortality. The median length of
stay in critical care was 2 days (mean, 3.9 days). The
median total hospital stay was 9 days (mean, 13.5 days).
Five patients (8.1%) developed intestinal ischemia



Table Il. Comparison according to type of explantation

No explantation

Partial explantation Total explantation

Variable (n =5) (n = 34) (n = 23) P value
Perioperative and early postoperative data (<48 hours)
Operative time, minutes 89 146 166 .002
Perioperative bleeding, mL 950 1788 2684 180
Early transfusion, PRBC units 0 2.6 39 .019
Urinary output®
Preserved 5 (100) 17 (53.1) 13 (59.1) 294
Oliguria or anuria 0 13 (40.6) 9 (40.9)
Serum creatinine,” mmol/L 108 125 129 .660
Hemoglobin, g/dL 1.9 10.2 9.4 .037
General postoperative data
Early mortality (<30 days) (0] 6 (17.7) 2 (8.7) 507
Length of hospital stay, days 6 9 105 .006
Length of stay in critical care, days 1 2 2 129
Total transfusion, PRBC units 0 29 51 .on
Maximal serum creatinine,” mmol/L 123 149 166 537
AKI® 0 13 (41.9) 9 (39.1) 254
Acute hemodialysis® 0 1(31) 2 (8.7) 667
Retroperitoneal hematoma 0 5 (14.7) 3 (13.0) 1
Acute limb ischemia 0 (0] 1 (4.4) 452
Intestinal ischemia 0 3 (8.8) 2 (8.7) 1
Reoperation (0] 5 (14.7) 3 (13.0) 1
Survival at follow-up® 5 (100) 15 (51.7) 10 (58.8) 122

AKI, Acute kidney injury (evaluation of acute renal dysfunction according to Risk, Injury, Failure, Loss of kidney function, and End-stage [RIFLE] and
Kidney Disease Outcomes Quality Initiative classifications); PRBC, packed red blood cell.
Categorical variables are presented as number (%). Continuous variables are presented as mean or median. Boldface P values represent statistical

significance.

2Five patients are excluded because of chronic hemodialysis or early death.

PThree patients are excluded because of chronic hemodialysis.
“There were 21 deaths, 30 survivals, and 11 lost to follow-up.

postoperatively, all of whom had undergone emergency
procedures. Four required partial or total colectomy; one
patient died on the third postoperative day, and another
with acute lower limb ischemia required iliofemoral
thrombectomy. Eight patients (12.9%) had postoperative
bleeding complications but only three required surgical
reintervention. A total of eight patients (12.9%) under-
went at least one revision operation after late open con-
version. Twenty-two patients (37.3%) had postoperative
AKI, three of whom (5.1%) required temporary hemodi-
alysis (Table Ill).

Overall, eight patients (12%) died within 30 days of oper-
ation (Supplementary Table I, online only). The mean
age of this group was 8 years older than those who sur-
vived the perioperative period (84.5 vs 76.5 years).

Of the stent grafts with suprarenal fixation, 72.5% un-
derwent partial graft preservation compared with
22.7% of those with infrarenal fixation. The presence of
suprarenal fixation was not associated with significant
differences in outcome including the duration of surgery
(149 vs 138 minutes; P = .394), 30-day mortality (15% vs

9.1%; P = .700), total transfusion (3.6 vs 3.2 packed red
blood cell units; P = .324), postoperative AKI (36.4% vs
37.8%; P =909), and survival at follow-up (68.4% vs
53.1%; P = .283).

The risk of bleeding was increased in infective cases
because of local inflammation, technical difficulty, and
prolongation of the procedure, with an increased eryth-
rocyte transfusion requirement during hospitalization
(6.2 units vs 2.9 units; P = .026) and extended operative
time (200 minutes vs 134 minutes; P = .008). Although
there is a trend toward an increased rate of surgical revi-
sion in patients with endograft infection (33.3% vs 9.4%;
P = .083), no differences in morbidity or postoperative
mortality were identified.

The 30-day mortality was significantly higher in urgent
or emergency procedures (P =.002), with only one death
(2.9%) in the elective patients and seven (25%) in the
nonelective patients (Table V). This population also had
a significantly higher rate of postoperative renal dysfunc-
tion (P = .004), critical care stay (P = .002), and hospital
stay (P = .019).



Table Ill. Results in the whole cohort (N = 62)

Perioperative and early postoperative data (<48 hours)

Operative time, minutes 146 (61-486)
Extubation, days 0 (0-2)
Perioperative bleeding, mL 2135 (450-5750)
Blood autotransfusion, mL 689 (0-2450)
Early transfusion, PRBC units 2.8 (0-14)
Urinary output®

Preserved 35 (61.4)

Oliguria or anuria 22 (38.6)
Serum creatinine,” mmol/L 125 (51-247)
Hemoglobin, g/dL 10 (5-15.5)

General postoperative data

Early mortality (<30 days) 8 (12.9)
Length of hospital stay, days 9 (1-71)
Length of stay in critical care, days 2 (0-71)
Total transfusion, PRBC units 3.4 (0-16)
Maximal serum creatinine,” mmol/L 153 (85-492)
AKI® 22 (37.3)
Acute hemodialysis® 3 (51)
Acute coronary syndrome (0]
Retroperitoneal hematoma 8 (12.9)
Acute limb ischemia 1(1.6)
Intestinal ischemia 5(81)
Reoperation 8 (12.9)
Follow-up period, months 28.4 (1.8-187.3)
Survival at follow-up® 30 (58.8)

AKI, Acute kidney injury (evaluation of acute renal dysfunction ac-
cording to Risk, Injury, Failure, Loss of kidney function, and End-stage
[RIFLE] and Kidney Disease Outcomes Quality Initiative classifica-
tions); PRBC, packed red blood cell.

Categorical variables are presented as number (%). Continuous vari-
ables are presented as mean (range) or median (range).

2Five patients are excluded because of chronic hemodialysis or early
death.

PThree patients are excluded because of chronic hemodialysis.
“There were 21 deaths, 30 survivals, and 11 lost to follow-up.

Late-term survival. The mean follow-up was
28.4 months with a rate of survival of 58.8%.

During the study period, 21 patients died and 11 were lost
to follow-up. Overall survival estimates for the whole
cohort were 78% (68%-89%) at 1 year, 73% (62%-86%) at
2 years, and 49% (33%-73%) at 5 years. Medium-term mor-
tality in patients undergoing emergent or urgent surgery
was significantly increased (hazard ratio, 6 [2.2-17];
P < .001). Excluding those with rupture or infection, sur-
vival estimates were 97% (92%-100%) at 1 year, 97%
(929%-100%) at 2 years, and 71% (48%-100%) at 5 years (Fig).

DISCUSSION

With 62 patients included, this series is, to the best of
our knowledge, the fourth largest single-center cohort
study of this topic. The first study reporting open surgical

conversions after endovascular repair, published in 1997
by May et al.° reported 11.5% early and 4.4% late conver-
sion rates. The European Collaborators on Stent/graft
Techniques for Aortic Aneurysm Repair (EUROSTAR)’
registry in 2000 highlighted a cumulative conversion
risk of 2.1% per year, mainly related to proximal or distal
type | endoleak, type Il and type Il endoleak, stent migra-
tion, and kinking. In 2009, the Cleveland Clinic® reported
no difference in perioperative morbidity and mortality
according to the presence or absence of suprarenal fixa-
tion or the level of aortic clamping. Five years later, in a
total cohort of 100 patients, the same center® reported
a significant increase in 30-day mortality when clamping
was supraceliac, in an infectious context, or during emer-
gent procedures.

The extent of endograft explantation depended on a
variety of factors, including suprarenal fixation and infec-
tion. This study demonstrates improved morbidity with a
graft preservation strategy. Some groups recommended
total explantation preferentially.’® whereas others re-
ported better results if the stent graft is partially pre-
served.© In this series, partial explantation was
performed in 55% of the cases, with an observed reduc-
tion in operative time and hemorrhagic consequences.
Although neither the 30-day mortality nor length of hos-
pital stay is significantly reduced, partial explantation
does not appear to be associated with higher rates of
stent migration or stent fracture at >2 years of follow-
up. A partial explantation of the stent graft was
preferred where possible, maintaining the suprarenal
anchorage, a part of the body, or limbs. This reduces
complications inherent to an extensive dissection, in-
juries from removal of stents with barbs, and increased
operative time.

Nevertheless, rigorous surveillance after partial explan-
tation is considered essential, like after the index EVAR.
This avoids a rupture relative to an endoleak'® or iliac
aneurysmal evolution after graft limb removal.® With
the approach described in this series, no ruptures were
observed in this subgroup of patients. As reported in
the series of Scali et al,' it can be concluded that open
conversion will become more common as older-
generation EVAR devices fail and with the widespread
stent graft use in anatomically complex patients.

Despite more accurate EVAR technology now, many
type | endoleaks are not easily treated with additional
endograft pieces, so the use of late open conversion in
this indication is still important, especially when these
open procedures do not increase morbidity and mortality.

Regarding isolated type Il endoleaks, the decision tree
presented in the study of Mangialardi et al” is useful.
Open conversion is recommended, preferentially with
complete graft preservation, for a patient in good general
condition with a persistent isolated type Il endoleak and
an increasing aneurysmal size >5 mm during the follow-
up forwhich no endovascular treatment has been effective.



Table IV. Comparison according to level of emergency

Variable Elective (n = 34) Urgent (n = 16) Extreme emergency (n = 12) P value
Perioperative and early postoperative data (<48 hours)
Operative time, minutes 126 152 174 213
Perioperative bleeding, mL 1621 1880 4700 .078
Early transfusion, PRBC units 15 515 56 <.001
Urinary output®
Preserved 22 (70.9) 9 (56.3) 4 (33.3) 121
Oliguria or anuria 8 (25.8) 7 (43.8) 7 (58.3)
Serum creatinine,” mmol/L 111 144 141 .027
Hemoglobin, g/dL 10.2 97 929 430
General postoperative data
Early mortality (<30 days) 1(2.9) 2 (12.5) 5 (41.7) .002
Length of hospital stay, days 6 9 9 .019
Length of stay in critical care, days 1 2 5 .002
Total transfusion, PRBC units 1.7 51 6.1 <.001
Maximal serum creatinine,” mmol/L 131 189 167 .089
AKI® 7 (21) 11 (68.8) 4 (40) .004
Acute hemodialysis” 0 2 (12.5) 1(9.0) 085
Intestinal ischemia (6] 3 (18.8) 2 (16.7) .018
Acute limb ischemia (6] 1(6.25) 0 452
Retroperitoneal hematoma 3 (8.8) 2 (12.5) 3 (25) 356
Reoperation 2 (5.9) 3(18.8) 3 (25) 148
Survival at follow-up® 22 (81.5) 6 (42.9) 2 (20.0) <.001

AKI, Acute kidney injury (evaluation of acute renal dysfunction according to Risk, Injury, Failure, Loss of kidney function, and End-stage [RIFLE] and
Kidney Disease Outcomes Quality Initiative classifications); PRBC, packed red blood cell.
Categorical variables are presented as number (%). Continuous variables are presented as mean or median. Boldface P values represent statistical

significance.

@Five patients are excluded because of chronic hemodialysis or early death.

PThree patients are excluded because of chronic hemodialysis.
“There were 21 deaths, 30 survivals, and 11 lost to follow-up.

The systematic attempt for complete in situ preserva-
tion of the endografts is recommended by several au-
thors. Positive results at >3 years of follow-up'>'®
encourage recommendation of this approach to type Il
endoleaks that are refractory to complementary endo-
vascular treatments. Five patients (8.1%) in this series
benefited from this strategy, significantly reducing the
operative time and the bleeding consequences. This
unit's systematic practice is to prepare proximal clamp
sites even when complete endograft preservation is
planned in case of failure of this strategy intraoperatively.
Proximal aortic occlusion balloons were not used
because surgical control of the supraceliac aorta is fast,
straightforward, and reliable, particularly for elective or
emergency cases with intact aneurysms. In this context,
the aortic occlusion balloon adds little to the procedure.
On the other hand, distal iliac control using occlusive bal-
loons was frequent.

With a duration longer than 190 minutes, open surgical
conversion is in most centers a significantly longer pro-
cedure than primary open repair'*'” ' because of stent-
related inflammation and the frequently required

extensive dissection. In this series, however, the operating
times are comparable to elective open infrarenal aneu-
rysms repairs. This can be explained by the low preva-
lence of infectious causes in this series and the major
role of open aortic surgery in this center. These results
are concordant with large series from other high-
volume aortic centers.!**°

Specifically, the early mortality (12.9%) in this series is
perfectly comparable to other large cohorts®?' and major
meta-analyzes,**** which reported rates of 9% to 17%. Of
note, the early 2.9% and estimated 71% 5-year mortality
rate for elective late open conversion is comparable to
the results for primary infrarenal AAA repair in the litera-
ture* Morbidity, mainly due to AKI and intestinal
ischemia, predominated after emergent surgery.

In the largest and most recent meta-analysis, Goude-
ketting et al®® reported a 10 times higher 30-day mortal-
ity rate for patients treated with late open conversion in
an urgent vs elective setting. With 41.7% early deaths in
patients undergoing extreme emergent conversion, the
results reported here are consistent with meta-analysis
targeting this population.?® The treatment of an infected



=~ Elective -~ Emergency/Urgent

Survival probability
°
8

Number at risk

Elective 34 25 23 19 14 14 1" 9 8 4 4 4 2

Emergency/Urgent 28 12 10 6 5 5 4 3 2 2 1 1 1

[ 6 12 18 2 30 36 42
Time (months)

Fig. Kaplan-Meier estimated survival of patients according
to emergency/urgent vs elective status.

EVAR is a specific entity that requires precise and early
management. As mentioned by Chaufour et al?’ this
unit also performs as quickly as possible investigations
including biology, blood cultures, and imaging
(computed tomography angiography scan, white blood
cell scan). To treat this pathologic process, complete
stent graft explantation and a direct reconstruction in
situ at the same time with arterial allografts or, more
recently, physician-made xenopericardial grafts are
preferred in the study unit.

The occurrence of late post-EVAR rupture is a conse-
guence not only of EVAR and endograft failure but also
of surveillance. Mehta et al*® demonstrated that lack of
compliance was a factor in 74% of patients presenting
with post-EVAR rupture. Rigorous and lifelong follow-
up after EVAR is thus recommended by most au-
thors.?#%62920 The results of this study clearly demon-
strate that excellent early and long-term results can be
achieved in elective patients. Whereas this reinforces
the need for early detection and management of endog-
raft failure, there is equipoise in the literature, with socie-
tal guidelines recommending rigorous surveillance™”'
but meta-analysis suggesting that compliance increases
reintervention but not survival®> One interpretation of
the favorable results of this study is that reintervention
for a failing endograft is challenging and the manage-
ment of those requiring intervention should therefore
be centralized into high-volume aortic units. In this
study, the increasing number of conversions from 2015
to the present is notable, which can be explained by
several reasons. First, there is a unit trend to practice
open conversions earlier than before because secondary
endovascular procedures for endoleaks offer disap-
pointing results.'** This period also corresponds to the
designation of this high-volume unit (more than at least
60 juxtarenal or infrarenal aortic aneurysm repairs per
year for 22 years) as an aortic center, thereby increasing
the number of external referrals.

Finally, it has become common practice for many cen-
ters to perform EVAR outside the instructions for use and
for younger patients, increasing the probability of endog-
raft failure. The controversial UK National Institute for
Health and Care Excellence consultation document sug-
gests that use of EVAR should be highly restricted. If the
recommendations are implemented, the number of
reinterventions may yet again decrease.®”

Limitations. The limits of this study are defined by its
retrospective and single-center design. Only 40% of our
late open surgical conversions were for patients originally
treated in our unit. Thus, as in other studies on this sub-
ject, the incidence of late open conversion after EVAR
cannot be precisely determined. Similarly, the proportion
of patients who have had EVAR outside of instructions
for use remains uncertain.

CONCLUSIONS

Late open surgical conversion is associated with accept-
able perioperative risk when it is performed in a high-
volume open aortic center. Elective late open conversion
is compared with emergent, associated with a significant
reduction in morbidity and mortality. Except in cases of
infection, partial or complete preservation of the endog-
raft reduces perioperative morbidity. Long-term follow-
up and surveillance of patients undergoing open conver-
sion of EVAR, even after partial or complete preservation
of the endograft, suggest that it is a safe and reliable
strategy with outcomes comparable to primary repair.
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Supplementary Table I (online only). Demographic data
of patients

Comorbidities

Hypertension 54 (87.1)

Diabetes mellitus 9 (14.5)

FEV;, L 2.32 (£0.59)

Dysrhythmia 16 (25.8)

Chronic renal insufficiency 27 (43.6)

BMI, kg/m? 26.5 (+3.5)

ASA class

2 10 (16.4)

4 15 (24.6)

Mean = SD 33+ 0.8

Supplementary Table Il (online only). Death within 30 days

2 93 Suprarenal Rupture/type IA endoleak  Extreme emergency Hemorrhagic shock 1

4 89 Suprarenal Infection/type IB endoleak Extreme emergency Multiple organ failure 7

6 78 Suprarenal Rupture/type IA endoleak  Extreme emergency Multiple organ failure 3

8 79 Suprarenal Type IA and Il endoleaks Urgent Intestinal ischemia 9
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