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CASE REPORT
Treatment of an Infected TEVAR with Extra- and Endovascular
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Introduction: Graft infections are severe complications. Surgical resection of infected aortic stent grafts is
associated with high mortality and morbidity. Therefore, alternatives or adjuncts to antibiotic treatment and
extensive surgery are urgently needed.
Report: A 67 year old woman was admitted with a methicillin sensitive Staphylococcus aureus infected stent graft
in the thoracic aorta. Local infection was confirmed by PET-CT imaging. Surgical resection of the stent graft was
not feasible because of comorbidities. Therefore, a three step approach for local bacteriophage treatment was
performed as a last resort treatment. Firstly, the para-aortic tissue was debrided via left thoracotomy, a
bacteriophage suspension was applied on the outer surface of the aorta, and a vacuum irrigation system was
installed. After repeated alternating instillation of the bacteriophage suspension for three days, as a second step,
the vacuum sponges were removed and a bacteriophage containing gel was applied locally on the outer surface
of the aorta. In the third step, the bacteriophage containing gel was applied to a thoracic stent graft, which in
turn was placed endovascularly into the infected stent.
Discussion: After 28 days, the patient was discharged from hospital with normalised infection parameters. PET-CT
imaging at three and 12 months post-intervention did not show signs of infection in or around the thoracic aorta.
This Case demonstrates successful treatment of an infected endovascular stent graft by application of
bacteriophages both to extravascular and, as a novel approach, endovascular sites using a bacteriophage coated
stent graft.
� 2022 Published by Elsevier Ltd on behalf of European Society for Vascular Surgery. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Infections of vascular grafts are severe complications.1 In
particular, aortic stent graft infections are associated with a
high morbidity and mortality of up to 75%.1 As these pro-
cedures are often performed in older patients who do not
qualify for open aortic repair, the required removal of the
infected stent grafts and in situ reconstruction are associ-
ated with a morbidity and mortality of over 20%2 and a re-
infection rate of up to 20%.3
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Bacteria embedded into the peri-prosthetic tissue form a
surface adherent biofilm and therefore have up to a 1000
fold greater tolerance to antibiotics.4 Even targeted anti-
biotic treatment can only suppress a stent graft infection
and is not a curative treatment option.5

Less invasive approaches are urgently needed to reduce
the morbidity and mortality of surgical treatment. In this
context, bacteriophages and their bacteriolytic activities
represent a promising therapeutic option.

CASE REPORT

In August 2020, a 67 year old female patient was admitted
to the hospital with worsening general condition and
thoracic respiratory pain. She had a pronounced cough on
deep inspiration, without sputum, and fever up to 38.6�C.
Infection with Sars-CoV-2 was ruled out. The patient had a
leukocyte count of 16.7 � 109/L and a serum C reactive
protein of 199.6 mg/L. The history revealed a previous
thoraco-abdominal stent graft implantation (COOK stent
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Figure 1. Representative slides from the pre-operative [F18] fluo-
rodeoxyglucose PET-CT scan. The yellow emission shows the level
of accumulation of the tracer substance around the stent graft in
the thoracic aorta as a sign of active inflammation.
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34/152 mm) after Stanford type B aortic dissection in
February 2009. Furthermore, the patient suffered from
Osler disease that required prednisolone treatment, after a
pulmonary artery embolism several years previously, arte-
rial hypertension, an idiopathic atrophic left kidney with
impaired renal function (glomerular filtration rate: 44.8 mL/
min/173m2), a leukocytoclastic vasculitis, and diverticulosis
of the sigmoid colon.

The medications included bisoprolol, amlodipine, valsar-
tan, and prednisolone (discontinued after diagnosis of the
aortic stent graft infection).

Antibiotic therapy with ampicillin/sulbactam and roxi-
thromycin was initiated. After a methicillin sensitive
Staphylococcus aureus was detected in the blood culture,
antibiotic therapy was switched to flucloxacillin and after
five days, to cefuroxime because of allergic skin eczema.

Endocarditis was ruled out. The patient showed pro-
gression of known leukocytoclastic vasculitis which was
considered a reaction to the systemic infection. The anti-
biotic treatment was switched to meropenem and cefazolin.

A computed tomography (CT) scan of chest and abdomen
did not reveal infection foci. To rule out the aortic stent
graft as a focus of infection, a [F18] fluorodeoxyglucose PET-
CT was performed (Fig. 1).

As a result, pathologically increased metabolic activity of
the aortic stent was visualised, starting at the level of the
mid-aortic arch and extending to the level of the eighth
thoracic vertebra as a sign of stent infection. Additionally,
inflammatory mediastinal soft tissue swelling and left
pleural effusion were described.
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Figure 2. Intra-operative images from the first step of treatment. The
prepared for vacuum sponge placement (A). Two endosponges were
applied for ventral coverage of the aorta (C) before the thorax was cl
Surgical resection of the infected stent graft and
autologous anatomical reconstruction, including an
operation of several hours with the associated risk of
morbidity and trauma of the surgical approach itself,
were not feasible because of the poor condition and
several comorbidities of the patient. The patient herself
wanted an alternative to indefinite systemic antibacterial
treatment. Therefore, an experimental approach using
local bacteriophage application was planned as a last
resort treatment according to Article 37 of the Declara-
tion of Helsinki (to treat an individual patient for which
there are no proven interventions or other known in-
terventions are ineffective, the physician may use an
unproven intervention with the patient’s informed con-
sent) in accordance with the local ethics committee
(A 2021-0132).

Bacteriophage treatment

As a curative therapeutic strategy, a three step approach for
both extra- and endovascular application of SniPha 360
(Phage24.com, Austria) was performed. SniPha 360 is a
commercially available cocktail of lytic bacteriophages
against Escherichia coli, Staphylococcus aureus, Pseudo-
monas aeruginosa, Streptococcus pyogenes, Proteus vulga-
ris, and Proteus mirabilis.

After the risks and benefits of the experimental proced-
ure were explained, the patient consented to the therapy.
Firstly, the extravascular treatment was performed by left
sided thoracotomy. The visceral pleura was found to adhere
to the aorta. After obtaining local swab specimens for
microbiological analysis, debridement and jet lavage were
performed (Fig. 2A). Then, 20 mL SniPha 360, diluted in 100
mL 0.9% NaCl was applied onto the infected para-aortic
tissue. Then, two endosponges (Endo-SPONGE, B.Braun,
Melsungen, Germany) were placed on the lesser and
greater curvatures of the aortic arch and the proximal
descending aorta (Fig. 2B), followed by a V.A.C. GRANFOAM
dressing sponge (18 � 12.5 � 3.2 cm, KCI Medizinprodukte
GmbH, Wiesbaden, Germany) (Fig. 2C). The endosponges
were connected to the V.A.C. VERAFLO Therapy system (KCI
Medizinprodukte GmbH). To avoid contact between the
sponges and the lung, a Suprasorb CNP drainage film (25 �
20 cm, Lohman-Rauscher GmbH & Co., Neuwied, Germany)
was placed above the sponges. The thorax was closed after
C

aortic arch and the proximal descending aorta were debrided and
placed around the aorta (B). Finally, another vacuum sponge was
osed.
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Figure 4. Representative slides from the post-operative [F18] flu-
orodeoxyglucose PET-CT scan three months (A and B) and 12
months (C and D) after bacteriophage therapy. No enhanced
accumulation of the tracer around the aorta or the stent grafts
could be visualised.
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placing a chest tube and the patient was admitted to an
intermediate care unit.

There, once daily, the intrathoracic fluid was pumped out
via the V.A.C. VERAFLO therapy system two hours prior to
bacteriophage treatment, followed by flushing and draining
of the sponges three times with 500 mL 0.9% NaCl. After-
wards, the endosponges were flushed with 20 mL SniPha
360, diluted in 100 mL 0.9% NaCl. Both the endosponge
drainage and the chest tube were clamped until the next
day.

As the second step, the patient underwent repeat tho-
racotomy after three days. After extraction of all vacuum
sponges, the aorta and its surrounding tissue were covered
with 40 mL SniPha 360 incorporated in 15.8% hydrox-
yethylcellulose gel. The gel served as a carrier of the bac-
teriophages as the bacteriophage solution itself would not
adhere to the endograft.

Three days later, two sterile RELAY NBS PLUS stent grafts
(Vascutek Terumo-Bolton Medical, Vascutek Germany GmbH,
Hamburg, Germany) were unsheathed and externally coated
with a mixture of 40 mL SniPha 360 and 15.8% hydrox-
yethylcellulose gel (Fig. 3A). Afterwards the externally
bacteriophage coated grafts were re-assembled for endo-
vascular placement (Fig. 3B). This was performed via the left
common femoral artery. After overview angiography, the two
grafts were placed with small overlapping of the infected
stent graft by 2 cm cranially (without covering the left sub-
clavian artery) and caudally to line the infected stent graft
completely with the bacteriophage coated one (Fig. 3C).

All invasive procedures were uneventful and no side ef-
fects, including immunological reactions after bacterio-
phage treatment, were observed. After the endovascular
treatment the patient was referred to a regular ward and
recovered quickly. Infection parameters decreased, the
antibiotic medication was discontinued 12 days after im-
plantation of the bacteriophage coated stent graft, and the
patient recovered. The signs of vasculitis disappeared as
well. After four weeks of prolonged physiotherapeutic
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Figure 3. For local endovascular bacteriophage application, two RELAY
bacteriophage gel (A) before re-assembly (B) and endovascular placeme
angiography confirmed placement of the bacteriophage covered stent
mobilisation, the patient was discharged to rehabilitation
therapy in good general condition.

PET-CT scans performed three months and one year after
the bacteriophage treatment did not reveal signs of infec-
tion in or around the thoracic aorta (Fig. 4). The patient
recovered further, while infection parameters were unde-
tectable without continuing antibiotic treatment.

DISCUSSION

This Case demonstrates successful treatment of an infected
endovascular stent graft by means of local bacteriophage
treatment. To the present authors’ knowledge, this is the
first time a stent graft has been impregnated with bacte-
riophages for local endovascular application.
C

NBS PLUS stent grafts were released and externally coated with a
nt at the site of the infected stent graft in the thoracic aorta. Final
grafts (C).



Endovascular Bacteriophage Application 23
Bacteriophages are known as a potent antibacterial
treatment because of their lytic activity.6 In the last de-
cades, bacteriophages have been used frequently in the
USSR and reports of safe and successful use have been
received from Poland, Russia, and Georgia, depending on
the type of infection, the bacteriophage, and the route of
administration.7 Compared with other antibacterial thera-
peutic strategies such as local rifampicin treatment,5 bac-
teriophages have no cytotoxic effects on vascular cells.8 In
turn, they have the advantage that they act both on
multidrug resistant bacteria as well as biofilm organised
bacteria. Recently, a Case series of eight patients with
infected vascular grafts, wounds, or implanted medical de-
vices further demonstrated the feasibility of using bacte-
riophages with lytic activity for treatment of bacterial
infections.9 In the USA, the Food and Drug Administration
(FDA) has approved an application to conduct the first
clinical trial of intravenously administered bacteriophages
to treat patients with ventricular assist devices infected
with resistant Staphylococcus aureus.7 Although bacterio-
phages have been used for treatment of infections of
vascular implants, bacteriophage treatment is still not
common and not officially recommended in the Western
hemisphere.10

In the present Case, the physical condition and the sig-
nificant comorbidities disqualified the patient for a surgical
resection of the infected stent graft and anatomical aortic
reconstruction. By applying bacteriophages both into the
vascular lumen and onto the peri-prosthetic tissues, the
graft infection was treated successfully. Endovascular
bacteriophage application using a bacteriophage coated
releasable stent graft was an important part of the
approach. The intravascular application of bacteriophages
directly to the infection site assured maximum concentra-
tion, contact time, and invasion of bacteriophages into the
infected tissue.

Although multiple operative steps, including thoracotomy
twice and endovascular stent graft application, were per-
formed, the respective distress caused by each procedure was
markedly less compared with classical surgical treatment. The
prolonged post-operative period at the hospital resulted from
the already initially weakened condition of the patient who
required extensive physiotherapeutic mobilisation.

As the physical condition of the patient improved,
without continuing antibiotic treatment, and both a three
month and the annual follow up PET-CT scan revealed no
signs of infections, it could be assumed that the combina-
tion of surgical perivascular debridement, systemic anti-
biotic treatment, and adjunctive local bacteriophage
application was successful. Continuous patient follow up,
including clinical examinations, CRP and leukocyte levels,
and PET-CT scans every 12 months, will be performed to
ensure sustained treatment success.

In summary, this Case report demonstrates that adjunc-
tive bacteriophage treatment could be a curative treatment
option for patients with contraindications to extensive
surgical approaches.
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