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ABSTRACT

Objective: Reconstruction of infected aortic cases has shifted from extra-anatomic to in situ. This study reports the
surgical strategy and early outcomes of abdominal aortic reconstruction in both native and graft-related aortic infection
with in situ xenopericardial grafts.

Methods: Included in the analysis are 21 consecutive patients (mean age, 69 years; 20 male) who underwent abdominal
xenopericardial in situ reconstruction of native aortic infection (4) and endovascular (4) or open (13) graft aortic infection
between July 2017 and September 2019. All repairs were performed on an urgent basis, but none were ruptured. All
patients were followed up with clinical and biologic evaluation, ultrasound at 3 months, and computed tomography scan
at 6 months and 1 year.

Results: Technical success was 100%; 8 patients were treated with xenopericardial tubes and 13 with bifurcated grafts.
Thirty-day mortality was 4.7% (one death due to pneumonia with respiratory hypoxic failure in critical care.). Six patients
(28%) developed acute kidney injury, four (19%) requiring temporary dialysis; five fully recovered and one died. Four
patients (19%) required a return to the operating room. After a median follow-up of 14 months (range, 1-26 months),
overall mortality was 19% (n = 4). Two patients presented with recurrent sepsis after reconstruction, leading to death due
to multiorgan failure. Other patients (17/21) have discontinued antibiotics with no evidence of recurrence of infection
clinically, radiologically, or on blood tests. Computed tomography scans at 1 year demonstrated no stenosis or graft
dilation and one asymptomatic left graft branch thrombosis. Primary patency is 95%.

Conclusions: In situ xenopericardial aortic reconstruction is a safe and effective management strategy for both native and
graft-related abdominal aortic infection with good short-term results. The graft demonstrates appropriate resistance to
infection such that reliable eradication of infection in this vascular bed is possible. Longer follow-up is required in future

studies to determine the durability of the reconstruction and need for reinterventions. (J Vasc Surg 2020;m:1-10.)
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Native or graft-related infection of the aorta remains
one of the most difficult challenges for vascular surgical
teams. The choice of reconstruction after complete
removal of infected foreign material and tissue as part
of an extensive débridement remains controversial.
Whereas extra-anatomic grafts were considered state of
the art some decades ago, in situ reconstruction, with
its superior patency, is clearly favored today.' In situ
replacement with a standard graft, rifampicin-bonded
or silver-coated Dacron graft, autologous femoral vein,
and cryopreserved homograft, each combined with
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aggressive systemic antibiotic therapy, has been widely
used. Although revascularization with extra-anatomic
bypass grafting has a similar long-term survival rate,
because of the higher postoperative complication rate,
it should be considered only in patients who are un-
suited for in situ grafts.?

Biologic substitutes are superior to prosthetic grafts
because of their resistance to reinfection.®> Although the
cryopreserved arterial homograft is good material for
the treatment of infected aortas, supply is often inade-
quate, and it can be difficult to obtain in sufficient time
for an urgent operation.* Autologous femoral vein has
good characteristics, but the time-consuming process
of harvest adds to the duration and morbidity of a pro-
cedure in already fragile patients. In the emergent
setting, even assessment of the patency and suitability
of the deep veins can be challenging.” Because of its
finite availability, orthotopic reconstruction with femoral
vein is often not possible in patients requiring more
extensive reconstructions.

Bovine or equine pericardium is well established in car-
diac surgery for coverage of surgical pericardial and
congenital atrial septal defects and as a component of
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biologic heart valves. In studies with long follow-up,
bovine pericardium has been shown to perform well in
infected ascending aorta replacement and in endocardi-
tis, with 80% freedom from reinfection reported at 5 and
10 years.®

As a readily available off-the-shelf solution that can be
tailored to form a straight or bifurcated conduit, xeno-
pericardium is attractive graft material. Reports to date
regarding its resistance to reinfection are promising.”'®

The aim of this study was to detail our technical
approach and outcomes in the treatment of native and
graft-related abdominal aortic infection managed with
orthotopic xenopericardial grafts.

METHODS

Patients. Between July 2017 and September 2019, pa-
tients with native and graft-related abdominal aortic
infection who underwent abdominal aortic replacement
with xenopericardial grafts were included in the study.
Ruptured infected aortas were excluded. A retrospective
analysis was performed using a prospectively maintained
database.

Written informed consent was obtained from all pa-
tients before the procedure. The Institutional Review
Board and ethics commission approved this study.

Diagnosis of infection. The Management of Aortic Graft
Infection Collaboration (MAGIC) criteria were used to di-
agnose graft infections." There is no consensus on the
diagnosis or indeed the nomenclature of native infected
aortic aneurysms.'”> Native aortic infections were there-
fore diagnosed by a constellation of clinical findings,
blood testing, and imaging. Although, strictly speaking,
the MAGIC criteria were agreed on to diagnose aortic
graft infection, for completeness we have also reported
the MAGIC criteria present in the four patients with
mycotic infections. All patients in the study had intra-
operative signs of infection, such as suppuration, secre-
tion, or intestinal fistula.

For all patients, serial leukocyte count, C-reactive pro-
tein serum level, and serum calcitonin level were
sampled. Computed tomography (CT) was used in all pa-
tients, and this was supplemented by fluorodeoxyglu-
cose positron emission tomography in eight.

Surgical procedure. From the clinical assessment, any
available notes, and imaging, the type and extent of
required reconstruction were planned. In particular,
based on the patient’s anatomy, preoperative decisions
were made regarding whether the reconstruction would
be with a tube or bifurcated graft, graft lengths, diame-
ters of the proximal and distal anastomoses, and
required clamp sites.

Construction of the xenopericardial graft (10 x 16 cm
XenoSure Biological Patch; LeMaitre Vascular, Burlington,
Mass) was performed on a back table, commencing
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- Type of Research: Single-center, retrospective cohort
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Key Findings: In situ xenopericardial aortic recon-

struction for abdominal aortic infection in 21 patients

resulted in 4.7% 30-day mortality, 19% overall mortal-
ity, and 95% primary patency with a median follow-
up of 14 months.

- Take Home Message: Combined with débridement
and an appropriately long course of antibiotics, in
situ xenopericardial aortic reconstruction is a safe
and effective management strategy for both native
and graft-related abdominal aortic infection with
good short-term results.

before the start of anesthesia. The procedure for graft
construction is illustrated in Fig 1. Each patch was con-
structed on the basis of the required anatomy from mea-
surements made from the preoperative CT image.
Stapling of the patch to form tubes was performed
with a 60-mm vascular Endo GIA Tri-Staple (Medtronic,
Minneapolis, Minn). The proximal and distal staple rows
could be angled to decrease the diameter of the graft
at these points. Bifurcated grafts were constructed by
adding an additional staple line to the distal tube to
form limbs (Fig 1). If needed, additional tubular segments
were sutured to the main graft as required (4-O polypro-
pylene; Fig 2). Sealing was tested with heparinized saline
solution. The construction of the graft was completed
between 10 and 30 minutes, depending on complexity.
All procedures were transperitoneal using a midline
laparotomy. A standardized systematic surgical
approach was used for all patients. Technical success
was defined as complete graft removal and successful
vessel reconstruction, with no perioperative death.

Clamp placement. For native aortic infection, the loca-
tion of proximal and distal clamp sites was dependent
on the extent of the aneurysm, but the strategy was to
have a low threshold for suprarenal clamping. For
infected open grafts, both supraceliac and suprarenal
clamp sites were prepared. In general, only the suprare-
nal clamp was used for proximal control. The distal
clamp site was determined by the level of any previous
repair. In patients with infected endografts with suprare-
nal fixation, both supraceliac and suprarenal clamp sites
were prepared. The initial clamp was applied to the
supraceliac location, the endograft was disconnected,
and the clamp site was moved to the suprarenal loca-
tion. If a patient presented with only infrarenal fixation,
only a suprarenal clamp site was prepared and used.
Distal control was initially by clamping the limbs of the
endograft after opening the aortic sac. After removal of
the proximal parts of the graft, occlusion balloons were
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Fig 1. Construction of the xenopericardial graft. A, Bovine
pericardial patch (10 x 16 cm). B, The patch is folded in
two. C, The open margin is stapled shut with a vascular
stapler. D, The diameter of the proximal anastomosis is
adjusted by angling the stapler. E, Final xenopericardial
tube graft. Fand G, If a bifurcated graft is required, this can
be constructed by dividing the distal three-quarters of the
tube graft to form limbs. H, The neoaortic bifurcation is
reinforced with a 4-O polypropylene suture. After testing
for leaks, any additional reinforcing sutures are placed as
required.

used through the graft limbs. The graft limbs were
disconnected and then cut off the occlusion balloon
shafts.

The extensive débridement of all foreign material
(complete graft removal) and macroscopically
infected tissues was performed in stages, immediately
after clamping, after the proximal and distal anasto-
moses. Samples of fluid, aortic tissues, or graft were
collected for microscopy, culture, and sensitivities.
Copious lavage with saline solution mixed with
povidone-iodine flushes with syringe was performed
at the end of débridement. Patient 7 with aortoen-
teric fistula had a duodenal resection and a duode-
nojejunal anastomosis. Patient 17 with aortosigmoid
fistula had a Hartmann procedure.

As a final step, an omental wrap was used to protect the
reconstruction by mobilizing a segment off the
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Fig 2. Construction of xenopericardial graft for distal iliac or
femoral anastomosis. A, Bovine pericardial patch (10 x 16 cm).
B, The patch is folded medially from both sides as shown.
C and D, The midline is stapled with a vascular stapler to
form two limibs. E, A 5-O Prolene suture is used to extend the
limbs of the bifurcated graft illustrated in Fig 1.

Table I. Patients’ demographics and comorbidities

Age, years, mean 68.9
Male 20 (95)
Comorbidities
Smoking history 14 (67)
Diabetes 5 (24)
Hypertension 18 (85)
Dyslipidemia 9 (42)
Ischemic heart disease 4 (19)
Cerebrovascular disease 2(9)
Chronic obstructive pulmonary disease 2 (17)
Renal impairment (eGFR <60 mL/min) 1(5)
American Society of Anesthesiologists class
1
2 3 (14)
3 12 (58)
4 6 (28)

eGFR, Estimated glomerular filtration rate.
Values are reported as number (%).

transverse colon and delivering it through a window
created in the transverse mesocolon into the infracolic
compartment.
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Table Il. Preoperative details of individual cases

2 71 Male Native aortic infection N/A 2 major, 4 minor

4 74 Male Aortic aneurysm Aortobifemoral bypass 1 major, 4 minor

6 75 Male Occlusive disease Aortobifemoral bypass 5 major, 3 minor

8 65 Male Aortic aneurysm Aortobi-iliac endograft 5 major, 4 minor

10 65 Male Aortic aneurysm Aortobi-iliac bypass 5 major, 3 minor

12 60 Male Aortoiliac aneurysms Aortobifemoral bypass 5 major, 4 minor

14 83 Male Occlusive disease Femorofemoral bypass 5 major, 2 minor

16 63 Male Aortic aneurysm Aortobi-iliac endograft 3 major, 3 minor

18 67 Male Native aortic infection N/A 2 major, 4 minor

20 58 Male

Antibiotic therapy. In consultation with our local
microbiology department, we followed the guidelines
of the French Infectious Diseases Society (Société de
Pathologie Infectieuse de Langue Francgaise) for graft
and native vascular infections. We switched from
broad-spectrum empirical to narrow-spectrum antimi-
crobials when the causative microorganisms were iden-
tified. In culture-negative cases, we continued empirical
antibiotic treatment. In all cases of favorable clinical,
hematologic (white cell count), and biochemical evolu-
tion (C-reactive protein level), antibiotics were stopped at
6 weeks. Otherwise, antibiotic therapy was continued
until normalization of both clinical and blood inflam-
matory markers.

Follow-up and statistical analysis. Data were collected
prospectively and analyzed retrospectively. Follow-up
surveillance was performed routinely by clinical and
biologic evaluation, with Doppler ultrasound evaluation
at 3 months and serial CT scans at 6 months and 1 year.
Outcomes were staged by the Clavien-Dindo classifica-
tion.” Descriptive statistics are provided as means and
standard deviations for quantitative variables and
numbers or percentages for qualitative variables unless

Aortic aneurysm

Aortobifemoral bypass 5 major, 3 minor

otherwise stated. Overall survival was calculated using
the method of Kaplan and Meier. All calculations
were performed with SSPS 21.0 software (IBM Corp,
Armonk, NY).

RESULTS

Patients. Between July 2017 and September 2019, there
were 21 consecutive patients (mean age, 69 * 8 years; 20
men) with native and graft-related abdominal aortic
infection who were treated in our institution. None were
ruptured. Four patients had a past history of endovas-
cular abdominal aortic surgery, and 13 patients had a
past history of open abdominal aortic surgery with syn-
thetic graft. Four patients had native abdominal aortic
infections. Two patients had an aortodigestive fistula
(patients 7 and 17). The initial source of infection was
clearly a groin wound in three patients (patients 14, 19,
and 20). Descriptive characteristics and comorbidities of
the population cohort are summarized in Tables | and Il

Technical success. Technical success rate was 100%.
The mean duration of surgery was 157 minutes (70-
310 minutes). Eight patients were treated with tube
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Table Il. Continued.

Not performed N/A Amoxicillin + metronidazole, 2 days Salmonella spp

Not performed 25 Daptomycin + rifampicin, 3 days Klebsiella pneumoniae

Not performed 3 Tazocin + vancomycin + gentamicin, 3 days  Escherichia coli

+ 17 Tazocin + vancomycin + amikacin, 3 days Klebsiella pneumoniae

+ 5 — Propionibacterium acnes

Not performed 3 Imipenem + amikacin + daptomycin, 3 days Escherichia coli

Not 37 =
performed

Staphylococcus warneri, Proteus hauseri

Not performed 12 Tazocin + amikacin, 4 days Staphylococcus aureus (methicillin sensitive)

4 N/A Amoxicillin + clarithromycin, 10 days Campylobacter fetus

Not performed 2 Tazocin + gentamicin, 3 days Staphylococcus aureus (methicillin resistant)

and 13 with bifurcated grafts (Figs 3 and 4). All rate is 100% at latest follow-up in all surviving patients.

aortic reconstructions were strictly below the renal
arteries.

Perioperative results. Thirty-day mortality was 4.7% (n =
1); patient 19 died in critical care of pneumonia with res-
piratory hypoxic failure. Six patients (28%) had a postop-
erative acute kidney injury, of whom four (19%) needed
dialysis (Clavien-Dindo grade IVa); five fully recovered
and one died.

The median hospital stay was 20 days (range, 8-
70 days), and the median time in critical hospital care
was 4 days (range, 1-15 days). Operative results and com-
plications are listed for individual patients in Table Il

Antibiotic therapy. The median duration of antibiotic
therapy was 6 weeks (range, 2-24 weeks). One patient
with Q fever was treated with hydroxychloroquine and
doxycycline for 6 months. Cultures were negative in
only three patients, all of whom had been established
on antibiotic therapy before referral to our unit. Microbi-
ologic findings are listed in Table Il. All patients have
discontinued antibiotics, and freedom from reinfection

Antibiotic therapy for individual patients is listed in
Table 1.

Follow-up. The median follow up period was 14 months
(range, 1-26 months). Overall mortality was 19% (n = 4).
The Kaplan-Meier curve of survival is shown in Fig 5.

Four patients (19%) had Clavien-Dindo grade lllb com-
plications; all developed out of the hospital, beyond
30 days, and required readmission to the hospital. These
reinterventions under general anesthesia included patch
rupture repaired directly, false aneurysm distal anasto-
mosis repaired directly, treatment of abdominal wound
dehiscence, and periprosthetic fluid evacuation. Late
complications and follow-up are detailed in Table Il

Patient 8 presented with signs of recurrent sepsis
3 months after reconstruction, with fever and high serial
leukocyte count and C-reactive protein serum level. CT
scan identified periprosthetic fluid and gas. We reintro-
duced triple antibiotic therapy and waited for general
medical improvement. Two weeks after the onset of
symptoms, hemorrhagic shock developed as a result of
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Table Ill. Intraoperative and postoperative details of individual cases

2 Aortic tube Infrarenal 70 No 2

4 Bifemoral graft Supraceliac 190 No 3

6 Bifemoral graft

Suprarenal 120 No 2

8 Aortic tube Suprarenal 123 No 4

10 Bi-iliac graft Supraceliac 310 No 3

12 Bifemoral graft Suprarenal 165 Yes (dialysis) n

14 Bifemoral graft Suprarenal 180 No 1

16 Aortic tube Supraceliac 180 Yes (dialysis) 6

18 Aortic tube Infrarenal 1o No 3

20 Bifemoral graft Suprarenal 160 No 1

a ruptured false aneurysm in the main graft segment at
the staple line, culminating in emergency surgery. The
false aneurysm was repaired directly, and bacteriologic
samples were sent for analysis. Based on the results of
these specimens, antibiotics were switched to narrow
spectrum for 4 weeks. One month subsequently, all clin-
ical symptoms and signs of infection were absent. Blood
markers had normalized. The xenopericardial graft was
relined with a bifurcated endograft for reinforcement.
At 9 months, the patient presented again with signs of
reinfection, with endocarditis, leading to death.

At 2 months, a symptomatic false aneurysm of a distal
iliac anastomosis (pain and anemia) developed in patient
12, without any clinical signs of infection and negative
microbiology results. Endovascular exclusion with a Via-
bahn (W. L. Gore & Associates, Flagstaff, Ariz) endograft
combined with surgical evacuation of the hematoma
was performed. At 5 months, the Viabahn endograft
was manifesting signs of reinfection. The endograft was
explanted and reconstructed with a femorofemoral arte-
rial allograft. The patient died in critical care of multior-
gan failure.

Patient 9 died 5 months after the aortic replacement,

The primary patency rate is 95% (20/21). Patient 6 has an
asymptomatic left graft limb thrombosis. Follow-up im-
aging (ultrasound at 3 months, CT scans at 6 months
and 1year) has revealed no stenosis or dilation of the xen-
opericardial grafts during the follow-up period (Table ).

DISCUSSION

This series of patients contributes to the limited num-
ber of publications that include the early outcomes of
patients undergoing abdominal aortic reconstruction
with xenopericardial grafts for graft or native infection.'
A systematic approach is detailed with excellent periop-
erative and short-term results. There was one periopera-
tive death, excellent graft durability, and only two
deaths due to reinfections in the follow-up to date. Of
the four previous articles studying xenopericardial graft
use in infected aortic diseases (including ascending,
arch, and thoracoabdominal aortic surgery), the 30-day
mortality in the abdominal subgroups was 16% (5/31).”'°

The established management of infected aortic grafts
has been explantation and extensive débridement fol-
lowed by extra-anatomic bypass. There has been a clear
shift toward in situ reconstruction principally to reduce
the rate of limb thrombosis** although the reinfection
rate and long-term mortality are superior with the in
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Table lll. Continued.

17 6 weeks 24 Abdominal wound dehiscence 2 Alive

19 3 weeks 21 (0] 0 Alive

20 2 weeks 21 Asymptomatic graft limb 6 Alive
thrombosis

13 6 weeks 10 Patch rupture repaired directly 5 Dead

14 6 weeks 17 0 0 Alive

70 6 weeks 6 False aneurysm repaired directly 5 Dead

13 6 weeks 13 (0] 0 Alive

22 6 weeks 1 0 (0] Alive

8 4 weeks 9 (0] (0] Alive

14 6 weeks 5 0 (0] Alive

situ techniques.” Indeed, the extra-anatomic approach is
still recommended by some experienced groups for pa-
tients with aortoenteric fistula, virulent gram-negative or-
ganisms, or Candida because of poor outcomes with in
situ reconstruction in this group of patients in previous
series.”'® We note that xenopericardial reconstruction
performed well in a number of patients with these
adverse features in our series. However, the two patients
(patients 8 and 12) with deterioration or partial failure of
the graft (hemorrhage and false aneurysm formation)
both had gram-negative infections. Only one of these pa-
tients had overt signs of reinfection. Gram-negative infec-
tions have correlated with higher rates of reinfection,
graft failure, or death in other series of both deep vein
and prosthetic but not xenopericardial patch aortic
reconstruction.'®!”

The most suitable graft material for reconstructing
infected aorta remains a matter of controversy. Previous
management algorithms for aortic infections had to
tailor the reconstructive material and strategy to accom-
modate the weaknesses of each approach. For example,
deep vein and cadaveric artery were not suitable for un-
stable patients. Both deep vein and prosthetic recon-
struction had unsatisfactory outcomes for virulent
organisms or those with aortoenteric fistula. Prosthetic

reconstruction was in effect limited to low-virulence
rifampicin-sensitive organisms. This meant that many
patients were confined to extra-anatomic reconstruction,
which in addition to the risks associated with extra-
anatomic bypass carried a risk of aortic stump blowout.'®

An alternative strategy in patients with infected grafts
with rupture or herald bleeding is endografting as a
bridge to definitive explantation and repair at a second
sitting. Whereas this is a useful strategy in unstable pa-
tients, we do not think that it is indicated in stable pa-
tients, particularly as the construction of the
xenopericardial patch can be rapidly and synchronously
performed. A multicenter European series’ and a
Swedish population-based study®® suggested that endo-
vascular aneurysm repair can be used for native aortic
infection. In the multicenter study of native aortic
infections treated with endovascular aneurysm repair,
Soérelius et al'® reported a total of 33 of 123 (33%) patients
with infection-related complications, of whom 23 (19%)
died. Twelve patients died within 3 months, 19 within
1 year. Moreover, endografting needs long-duration anti-
biotics (mean duration of 30 weeks vs 6 weeks in this
study), with nine deaths after discontinuation of anti-
biotic treatment. We would use this approach only in
extremely frail patient as the xenopericardial approach
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Fig 3. Case 2, native aorta infection with Salmonella spp. Computed tomography (CT) angiogram demonstrates a
saccular aneurysm, with an abnormality on positron emission tomography/CT. Xenopercardial aortic tube on back

table and in situ.

Fig 4. Case 11. Aortobifemoral bypass infection with Staphylococcus aureus and Pseudomonas aeruginosa.

Bifurcated xenopericardial graft on back table, in situ, and on follow-up imaging.

offers an off-the-shelf, flexible, quick, low-morbidity strat-
egy that allows in situ reconstruction for most patients.

The principal remaining questions surround the long-
term durability of this material for reconstruction in this
vascular territory. Previous reports in other vascular terri-
tories support excellent resistance to reinfection with a
wide variety of organisms and in immunocompromised
transplant patients??> The use of xenopericardial

patches in carotid and femoral endarterectomy is now
established, with excellent long-term outcomes.?***
There have been concerns in the cardiac literature with
the long-term durability of specific commmercial xenoper-
icardial conduits because of unexpected late failures.?>2°
These devices were preformed valves and conduits, with
a high level of manufacturing complexity, raising doubt
about the manufacturing process. Experience with
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Fig 5. Kaplan-Meier analysis of survival in patients treated
with in situ xenopericardial grafts secondary to native and
graft-related abdominal aortic infection.

custom-made pericardial tubes combined has been
more favorable."?”2° Furthermore, in cases of pericardial
patch degradation, such as false aneurysm or stenosis, as
we are able to achieve eradication of infection, endovas-
cular therapies represent a relatively safe rescue option.

Limitations. The cohort of patients described in this
study is small as both native and graft-related aortic in-
fections have a low incidence. In addition, the study also
focused exclusively on the treatment of these diseases in
the abdominal compartment. This was with the inten-
tion of reporting a reproducible management strategy.
As follow-up is relatively short, these encouraging results
will need to be confirmed in studies reporting long-term
outcomes.

CONCLUSIONS

Xenopericardial aortic reconstruction combined with a
finite long course of antibiotics is a safe and effective
management strategy for both native and graft-related
abdominal aortic infection. The availability and flexibility
of the approach facilitate the in situ reconstruction of pa-
tients who would have otherwise been denied it. Longer
follow-up is required in future studies to determine the
durability of the reconstruction and need for
reinterventions.
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