Surgical management of an infected external iliac artery
interposition graft with a bioengineered human acellular

vessel
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ABSTRACT

Infection of prosthetic vascular grafts can manifest as pain, pseudoaneurysms, or arterial insufficiency in the leg. We
present the case of a female patient with a medical history of a right external iliac artery endofibrosis, with a persistently
infected synthetic iliofemoral bypass graft, which we replaced with a bioengineered human acellular vessel. At the
12-month follow-up visit, the clinical and radiologic studies demonstrated adequate human acellular vessel patency, with
no signs of infection, stenosis, or pseudoaneurysm. Subsequent to the initiation of hormone therapy and cessation of
antiplatelet therapy, the patient developed graft thrombosis. She continued to do well after restoration of patency with
lytic therapy. At 22 months, secondary patency has been maintained with continued anticoagulation therapy, and the
patient has remained asymptomatic. (J Vasc Surg Cases Innov Tech 2022;8:111-4.)
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Prosthetic vascular graft infections are a challenging
complication with an incidence of 0.5% to 6% after sur-
gical bypass.' Prosthetic vascular graft infections are
often treated with prosthetic graft excision and replace-
ment with more infection-resistant biologic material.
Historically, autogenous vein or cryopreserved cadaveric
allograft has been used instead of extra-anatomic bypass
with prosthetic material outside the infected wound.?®
Recently, the use of a bioengineered human acellular
vessel (HAV) has been documented to have low infec-
tions rates. However, to the best of our knowledge, its
use to replace an infected synthetic graft has not yet
been reported.” In the present report, we have described
the case a 42-year-old athletic woman with a history of
an infected synthetic graft of the right external iliac ar-
tery, which was subsequently replaced with a HAV, in a
U.S. Food and Drug Administration—approved expanded
access case. Our patient provided written informed con-
sent for the report of her case details and imaging
studies.

CASE REPORT
The patient was a 42-year-old white female cyclist and lifelong
nonsmoker. She had presented with perigraft fluid collection
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and presumed infection of a right iliofemoral Dacron bypass
graft and ipsilateral claudication. The patient's medical history
was significant for external iliac artery endofibrosis that had
been bypassed 4 years previously at an outside hospital using
an 8-mm Dacron interposition graft from the proximal external
iliac artery to the common femoral artery.>” The bypass was
complicated by stenosis at the inguinal ligament and graft
infection. Initial antibiotic management was dictated by outside
hospital providers before her referral to our practice. Graft exci-
sion and replacement were recommended. However, the pa-
tient did not have an adequate saphenous or superficial arm
vein and, as an active athlete, requested alternatives to deep
femoral vein or arm vein harvest owing to the risk of associated
morbidity and potential swelling. Cryopreserved tissue was
considered unfavorable given the poor longevity in a young pa-
tient. Extra-anatomic grafts can be used to provide bypass
outside the infected field and have reasonable patency of 80%
at 5 years® In an active cyclist, however, the risk of kinking is
increased by the repetitive hip flexion. Thus, we thought it
best to avoid an anastomosis in an unaffected limb. Therefore,
the use of the HAV was requested from and approved by the
U.S. Food and Drug Administration within 48 hours under an in-
dividual patient expanded access investigational new drug
application (investigational new drug no. 18891).

HAV implantation was performed through the patient’s previ-
ous incisions above and below the inguinal ligament. After expo-
sure and control of the common iliac artery and common
femoral artery, a tunnel was created lateral to the prior graft
and running under the inguinal ligament for placement of the
HAV. The Dacron graft was completely excised and the native ar-
tery debrided to healthy tissue. A 6-mm HAV was chosen and
anastomosed end-to-end using 5-O Prolene suture (Ethicon,
Raritan, NJ). After blood flow was restored, patency of the
vascular reconstruction with the HAV was confirmed by intrao-
perative completion angiography, with the needle placed in
the common iliac artery. Digital subtraction arteriography was
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Fig 1. A, Incision in the right lower quadrant exposing the
implanted human acellular vessel (HAV), anastomosed
proximally at the common iliac artery, tunneled lateral to
the native artery, under the inguinal ligament, and anas-
tomosed distally to the common femoral artery. B, Arte-
riography of the implanted HAV demonstrating adequate
perfusion from the proximal anastomosis at the common
iliac artery to the distal anastomosis at the common
femoral artery.

performed in two planes with contrast enhancement and
demonstrated wide patency of the graft and anastomoses prox-
imally and distally (Fig 1).

The patient recovered well from surgery and was discharged
on postoperative day 4. Intraoperative tissue cultures were nega-
tive for bacterial growth. Under the advisement of the infectious
disease specialists, the patient received empiric antibiotic treat-
ment (vancomycin and ceftriaxone) for 6 weeks and was then
transitioned to oral doxycycline for an additional 6 months.
She also started daily aspirin 81 mg.

The patient underwent follow-up examinations at 1, 3, 6, 9, and
12 months postoperatively (Fig 2). At 1 month, duplex ultrasound
revealed a widely patent graft without evidence of perigraft
fluid. In addition, at the 1-month examination, the patient was
active and walking, with minimal claudication, which had
improved compared with the preoperative assessments. At
3 months, the follow-up imaging findings indicated that the
HAV appeared to have the same diameter as the adjacent artery
and the patient continued with oral antibiotic therapy. At
6 months, computed tomography angiography confirmed the
HAV to be widely patent with no evidence of perigraft fluid or
infection. Noninvasive physiologic studies of the lower extremity
arteries were conducted at rest and during exercise. The ankle
brachial indexes (ABI) were normal, and antibiotic therapy was
discontinued. The patient experienced minimal-to-mild thigh
claudication during exercise but did not report below-the-
knee pain when walking. However, at 9 months, a repeat of
the noninvasive physiologic studies at rest and during exercise
showed that the ABI had decreased slightly to 0.73 from an
ABI of 1.05 at rest. Duplex ultrasound and computed tomogra-
phy angiography of the lower extremity arteries (Fig 3) showed
a patent HAV, with no signs of stenosis, infection, or pseudoa-
neurysm. At 12 months, the follow-up examination findings
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and laboratory test results were unremarkable for HAV-related
complications or infection. It is unclear why her exercise ABI
had previously decreased; however, at 12 months, the ABI had
returned to 1.11 to 1.17.

At approximately 16 months postoperatively, the patient had
developed progressive menometrorrhagia, leading to cessation
of aspirin and initiation of hormonal therapy. However, at
18 months, she had presented with thrombosis of the HAV
and right common iliac artery. Uterine embolization with subse-
guent initiation of transcatheter thrombolysis of the common
iliac artery and HAV restored normal flow. No technical concerns
were identified with the graft. The patient has received oral anti-
coagulation therapy after recovery from her hysterectomy and
was doing well at 22 months postoperatively.

DISCUSSION

When considering the materials to use for replacement
of an infected graft, the most widely used choices have
been autologous, cryopreserved, and prosthetic grafts."*'°
To the best of our knowledge, the use of a novel bio-
engineered HAV as a bypass graft for treatment of an
infected prosthetic graft has never been studied. Multiple
studies have demonstrated that the HAV, as a blood vessel
that is cultured in vitro and then decellularized to
generate a conduit that contains no living cells, preserves
its mechanical properties, similar to native human
vascular tissue.!"'> Once implanted, the vessel repopulates
and remodels with the host's own cells, turning the HAV
into living tissue, with early evidence demonstrating a
low risk of infection after implantation.'®®

The present report is an important early description of
the use of a human tissue engineered vessel in a known
infected field, in which a previously placed synthetic graft
had become infected. Because of this infection, the lack
of autologous graft options, and the risks associated with
revascularization with another synthetic graft, the HAV
was used as an alternative treatment option for our pa-
tient. Our patient was found to have had a culture-
negative infection. Thus, the performance of a HAV graft
in a culture-positive field, with more virulent bacteria, is
unknown.

At 22 months after implantation of the HAV, the patient
had required one intervention to restore graft patency af-
ter thrombosis. This could have resulted from the initia-
tion of hormone therapy or cessation of antiplatelet
therapy in the setting of incompletely endothelialized
tissue. Although nearly complete endothelial coverage
has been confirmed in HAVs as early as 44 weeks, addi-
tional data regarding the risk of HAV thrombosis to guide
the type and duration of antiplatelet or anticoagulant
therapy is necessary when considering the risks of this
approach." A hematology consultation resulted in initia-
tion of anticoagulation therapy. She has continued to
demonstrate significant clinical improvement, including
resumption of her regular physical activity.
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Fig 2. Selected duplex ultrasound images at 1 month after human acellular vessel (HAV) implantation for the
proximal anastomosis (A), midgraft (B), and distal anastomosis (C). D, Peak systolic velocity (PSV) values for the
right graft. Anast, Anastomosis; Dist, distal; /lio-Fem, iliofemoral; Prox, proximal; Rt, right.
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Fig 3. A, Three-dimensional reconstruction of computed tomography angiogram at 1 year of the proximal
anastomosis of the human acellular vessel (HAV) and distal anastomoses at the common iliac artery to the right
common femoral artery. B, Duplex ultrasound color flow image at 1 year of the HAV at the proximal anasto-
mosis, midgraft, and distal anastomosis.

CONCLUSIONS

The present case has demonstrated how a
bioengineered HAV can be used as an arterial bypass
conduit in the setting of prior graft infection. This could
provide a unique alternative to other graft options for
the treatment of infected vascular prostheses. Further
studies to demonstrate the utility of this approach are
recommended.

REFERENCES

1. Kilic A Arnaoutakis DJ, Reifsnyder T, Black JH, Abularrage CJ,
Perler BA, et al. Management of infected vascular grafts. Vasc Med
2016;21:53-60.

2. Bachleda P, Kalinova L, Utikal P, Kolar M, Hricova K, Stosova T.

Infected prosthetic dialysis arteriovenous grafts: a single dialysis
center study. Surg Infect (Larchmont) 2012;13:366-70.

3. Krishnan S, Clowes AW. Dacron patch infection after carotid endar-

terectomy: case report and review of the literature. Ann Vasc Surg
2006:;20:672-7.

4. Kirkton RD, Prichard HL, Santiago-Maysonet M, Niklason LE,

Lawson JH, Dahl SLM. Susceptibility of ePTFE vascular grafts and
bioengineered human acellular vessels to infection. J Surg Res
2018;221:143-51.

5. INSITE Collaborators (International Study Group for Identification

and Treatment of Endofibrosis). Diagnosis and management of iliac
artery endofibrosis: results of a Delphi consensus study. Eur J Vasc
Endovasc Surg 2016;52:90-8.

6. Veraldi GF, Macri M, Criscenti P, Scorsone L, Zingaretti CC, Gnoni M,

et al. Arterial endofibrosis in professional cyclists. G Chir 2015;36:
267-71.


http://refhub.elsevier.com/S2468-4287(21)00176-3/sref1
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref1
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref1
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref2
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref2
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref2
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref3
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref3
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref3
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref4
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref4
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref4
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref4
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref5
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref5
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref5
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref5
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref6
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref6
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref6

N4

Guth and Naslund

Schep G, Bender MHM, Kaanforp D, Hammacher E, de Vries WR.
Flow limitations in the iliac arteries in endurance athletes: current
knowledge and directions for the future. Int J Sports Med 1999;20:
421-8.

Samson RH, Showalter DP, Lepore MR, Nair DG, Dorsay DA,

Morales RE. Improved patency after axillofemoral bypass for
aortoiliac occlusive disease. J Vasc Surg 2018:68:
P1430-7.

O’'Banion L, Wu B, Eichler CM, Reilly LM, Conte MS, Hiramoto JS.
Cryopreserved saphenous vein as a last-ditch conduit for limb
salvage. J Vasc Surg 2017:66:844-9.

Dahl SL, Kypson AP, Lawson JH, Blum JL, Strader JT, Li VY, et al. Readily
available tissue-engineered vascular grafts. Sci Transl Med 20113
68ra9.

Kirkton RD, Santiago-Maysonet M, Lawson JH, Tente WE, Dahl SLM,
Niklason LE, et al. Bioengineered human acellular vessels recellu-
larize and evolve into living blood vessels after human implantation.
Sci Transl Med 2019;11:eaau6934.

Glickman MH, Burgess J, Cull D, Roy-Chaudhury P, Schanzer H.
Prospective multicenter study with a 1-year analysis of a new vascular
graft used for early cannulation in patients undergoing hemodialysis.
J Vasc Surg 2015;62:434-41.

Journal of Vascular Surgery Cases, Innovations and Techniques

13.

14.

March 2022

Gutowski P, Gage SM, Guziewicz M, llzecki M, Kazimierczak A,
Kirkton RD, et al. Arterial reconstruction with human bioengineered
acellular blood vessels in patients with peripheral arterial disease.
J Vasc Surg 2020;72:1247-58.

Bylsma LC, Gage SM, Reichert H, Dahl SLM, Lawson JH. Arteriovenous
fistulae for haemodialysis: a systematic review and meta-analysis of
efficacy and safety outcomes. Eur J Vasc Endovasc Surg 2017;54:
513-22.

Lawson JH, Glickman MH, lizecki M, Jakimowicz T, Jaroszynski A,
Peden EK, et al. Bioengineered human acellular vessels for dialysis
access in patients with end-stage renal disease: two phase 2 single-
arm trials. Lancet 2016;387:2026-34.

Niklason LE, Gao J, Abbott WM, Hirschi KK, Houser S, Marini R, et al.
Functional arteries grown in vitro. Science 1999;284:489-93.

Dahl SLM, Koh J, Prabhakar V, Niklason LE. Decellularized native and
engineered arterial scaffolds for transplantation. Cell Transpl 2003;12:
659-66.

Poh M, Boyer M, Solan A, Dahl SL, Pedrotty D, Banik SS, et al. Blood
vessels engineered from human cells. Lancet 2005;365:2122-4.

Submitted Jun 3, 2021; accepted Oct 3, 2021.


http://refhub.elsevier.com/S2468-4287(21)00176-3/sref7
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref7
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref7
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref7
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref8
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref8
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref8
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref8
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref9
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref9
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref9
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref10
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref10
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref10
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref11
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref11
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref11
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref11
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref12
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref12
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref12
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref12
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref13
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref13
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref13
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref13
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref14
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref14
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref14
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref14
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref15
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref15
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref15
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref15
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref16
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref16
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref17
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref17
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref17
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref18
http://refhub.elsevier.com/S2468-4287(21)00176-3/sref18

	Surgical management of an infected external iliac artery interposition graft with a bioengineered human acellular vessel
	Case report
	Discussion
	Conclusions
	References


