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Abstract N\
Infections after vascular reconstructions are very rare; however, when they occur, they are associated with a high risk of morbidity. In |
order to obtain the best results possible, the treatment needs to be initiated as early as possible, from the very first signs of infection,
and it needs to be carried out in centers specializing in vascular surgery. The aim of the present study was to assess the incidence of
infections in a single university center.

This retrospective analysis over a 2-year period is based on the medical reports of hospitalized patients who were diagnosed with
infection following revascularization.

From 2013 to 2014, a number of 151 open reconstructive surgical procedures were performed. 15 patients suffered from infection
(10%) of the vascular reconstruction. Of these patients, 40% have had an aorto-bifemoral bypass, 53% —a femoro-popliteal bypass,
and 7% (n=1)—an axillo-femoral bypass. According to the Samson classification, the patients were categorized as follows: group 2:
6 cases, group 3: 2 cases, group 4: 4 cases, and group 5: 3 cases. The most frequent bacteria found were methicillin-resistant
Staphylococcus aureus (MRSA) (=6, 40%), followed by S aureus (n=5, 33%). The treatment options were: application of antibiotics
alone without any invasive treatment in 3 patients, local irrigation and debridement in 6 patients, complete explantation of the
prosthesis with a new extra-anatomic bypass in 6 cases, and partial excision of the prosthesis, which was replaced and covered with
muscle flap, in 3 cases. The amputation rate in our study was 18%, which corresponds to the rates published in the literature.

The treatment of infections in vascular surgery needs to be complex and adapted to each individual patient, because infections
being in a permanent dynamic state. The treatment needs to be performed in specialized centers that have large experience in
vascular surgery, in order for the patient to have the best chances of survival and protection from amputation.

Abbreviations: CDC = Center for Disease Control, CT = computer tomography, MRSA = methicillin-resistant Staphylococcus
aureus, NPWT = negative pressure wound therapy, PET-CT = positron emission tomography and computer tomography, PTFE =
polytetraflourethylen, VAC = vacuum assisted closure.

Keywords: amputation, infection, methicillin-resistant Staphylococcus aureus, muscular flap, reconstruction, vascular prostheses

1. Introduction

Infections represent a severe, often life threatening complication,
after any vascular surgical intervention. They are to be feared,
because they are associated with high rates of morbidity and
mortality, which may result not only in the loss of the limb, but
may also lead to death in more severe cases. For this reason, the
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treatment of infections in vascular surgery is a challenge even to
an experienced vascular surgeon. Infections are associated with
long hospitalization and increased costs.

The incidence of infections in vascular surgery is very low in the
literature; it ranges between 1% and 6%,!"?! with an increased
frequency, of up to 44%, when the vascular reconstruction was
performed in the inguinal area.’! The risk of amputation
associated with vascular prosthesis infection may reach 70%,
while the risk of death may reach even up to 75%.5!

Multiple infecting microorganisms have been detected to be
involved, but the most frequent ones, responsible for over 75% of
infections, are Staphylococcus aureus; however, the most severe
infections are those with methicillin-resistant Staphylococcus
aureus (MRSA)." 7! Gram-negative bacteria, such as Pseudomo-
nas aeruginosa, Escherichia coli, Klebsiella, Enterobacter, or
Proteus, are not found as often, but are associated with more
serious infections which may result in ruptures of the anastomosis
through the destruction of the arterial wall by the toxins
synthesized by these bacteria.

The diagnosis of an infection can be established based on the
clinical symptoms and signs when specific findings are present
(e.g., fistula). Very often it is difficult to distinguish a simple
surgical site infection from a deeper infection. The diagnosis
should be verified by radiological examination, for example
leucocyte scintigraphy or positron emission tomography and
computer tomography (PET-CT). The best diagnostic modality is
CT, which has a sensitivity of 94% and a specificity of 85% for
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high grade infections but CT is less useful for low-grade
infections. Furthermore, it is necessary to verify the arterial flow
distal to the infected reconstruction.’™” A microbiological
diagnosis confirming the infection and identifying the etiological
agent is mandatory.

In many cases vascular prosthesis infections are difficult to
treat. So far, there isn’t yet a standard with regard to
treatment.!'%! However, there exist different therapeutic options.
In a first stage infection without involvement of the vascular
reconstruction, a conservative antibiotic treatment according to
the antibiogram seems to be adequate; however, in more
advanced stages or in the case of deep infection, a more
aggressive treatment, which includes irrigation and a wide
debridement of affected tissue and even the explantation of the
prosthesis. The restoration of the blood flow of the limb is
achieved either at the same time or in a subsequent surgical
intervention, using in situ or extra-anatomic bypass techni-
ques.[11-141

In order to achieve the best possible therapeutic efficacy, is
necessary to classify the grade of and the depth of the infection
exactly. There is no internationally accepted classification for
vascular graft infection. The most widely-used classification is the
one proposed by Szilagyi.!'>! and later modified by Samson,®!
adapted after the classification for surgical sites infection by the
Center for Disease Control and Prevention (CDC) (Table 1).'"]

The aim of the present study is to describe the incidence of
infections in a vascular surgery center and the degree of the
infection, the prophylactic methods, and the therapeutic options
obtained by a multidisciplinary approach.

2. Methods

We have performed a retrospective study based on the patients’
medical records, which extends over a 2-year period, from 2013
to 2014. We have included in this study the patients in whose
medical history an open peripheral arterial reconstruction had
been performed, and in the case of the patients with an
aortobifemoral bypass, only the infections in the inguinal area
were taken into consideration, while the patients with intra-
cavitary infection were excluded because of the low number of
intracavitary infections In order to estimate the degree of
infection, we used the Samson classification (Table 1). By
analyzing the medical records, we collected data regarding the
patients’ age, associated diseases, previous operations, type of
prosthesis used, the time span from the initial intervention to the
onset of the infection, the treatment methods, and the outcome of
the patients. Because of the low number of patients we do not
used statistical analyses. The study was approved by the local
ethic committee of the university hospital, an informed consent of
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the patients was not necessary, because the data were collected
anonymously.

2.1. Patients and results

During this period we identified a number of 15 patients
diagnosed with infection, out of a total number of 151 bypass
operations (9.93%). All patients were males aged 43 to 79 years,
with a higher frequency in the case of patients aged 60 to 69 years
(7 cases). The main comorbidities that were identified are shown
in Table 2.

The previous operations performed in patients with infection
were aorto-bifemoral bypass in 40% (n=6), femoro-distal
bypass I in 33% (n=35), femoro-popliteal bypass in 20% (n=
3) and in 1 case (6%) an axillo-bifemoral bypass.

The majority of prostheses used for revascularization were
Dacron prostheses with 53% (n=38) but also PTFE and reversed
great saphenous vein graft each of them in 20% (n=3) (Table 3).

The indications for primary revascularization were: critical
ischemia (n=9) and claudication (n=6). No emergency
revascularization procedures were performed for acute ischemia.
The time interval from the initial intervention to the diagnosis of
infection ranged from 9 to 60 days. The diagnosis of infection
was established by clinical symptoms and signs, as well as by
laboratory tests: the number of leukocytes, C-reactive protein.

In addition to these findings, an ultrasound examination and
an abdominal CT examination were performed, to verify or
exclude an intracavitary infection. According to the Samson
classification, the patients with infection were categorized as
shown in Table 4, where one may notice that in almost half of the
cases (n=6), only the superficial tissues were affected, while deep
tissue and/or the prosthesis was not affected. In the other half of
the cases there had already been an exposure of the prosthesis to
infection, of which in 3 cases the patients were septic or even have
had a hemorrhage at the level of the anastomosis.

The localization of the infection was in the inguinal area in 13
cases, while in 2 cases it was below the knee.

The microorganisms causing the infection were identified
based on the microbiological examination of all patients. The
culture material was collected from the wound exudate or from
pus when present. In one third of the cases S aureus was identified
(n=35); MRSA was identified in 40% of the cases (n=6); gram-
negative bacteria (E coli) were identified in only 2 cases. In 2 cases
no bacteria could be proven (Table 5).

Upon hospitalization, all patients were treated with wide-
spectrum antibiotics, even though the causing bacteria was
identified or not known at hospitalization. The antibiotic-only
treatment was used in 3 cases (20%) (only patients from Group
Samson 2), whereas in the rest 80%, (n=12) of the patients a

Classification of vascular prosthesis infections.

Szilagyi Definition Samson Definition
Group 1 Infection involves only dermis Group 1 Infection extends no deeper than dermis
Group 2 Infection involves subcutaneous tissue Group 2 Infection involves subcutaneous tissue but does not come into direct
but does not invade arterial implant contact with the graft
Group 3 Infection involving the vascular Group 3 Infection involves body of the graft but not an anastomosis
prosthesis
Group 4 Infections surround an exposed anastomosis but bacteraemia or
bleeding has not occurred
Group 5 Infections involve an anastomosis and are associated with septicemia

and bleeding
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Patients’ characteristics.

No. of cases 15 (100%)
Sex, male 100%
Hypertension 5 (33%)
Ischemic cardiac disease 4 (26%)
Dyslipidemia 7 (46%)
Diabetes mellitus 5 (33%)
Kidney failure 2 (13%)
Smoker 7 (46%)
Types of prostheses used.

Dacron 8 (53%)
PTFE 3 (20%)
Reversed great saphenous vein 3 (20%)
Composite 1 (6%)

PTFE = polytetraflourethylen.

Classification of the patients according to Samson.
Samson group 2  Samson group 3  Samson group 4  Samson group 5
6 2 4 3

Microorganisms identified causing infection after vascular recon-
struction.
Staphylococcus aureus
MRSA

Escherichia coli

None

MRSA = Methicillin resistant Staphylococcus aureus.

Treatment of patients with infection.

Irrigation and debridement

Explantation of graft and new extra-anatomic bypass
Antibiotic therapy alone

Muscle flap

W w oo
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surgical treatment was also performed (Table 6). For irrigation
we used povidone-iodine solution. Additional we performed
repeated large debridement of tissue necrosis and inflamed
surrounding tissues until we obtained a granulated wound. In
some cases multiple and various surgical techniques were
necessary in order to salvage the limb.

We have made a correlation between the types of treatment
and the bacteria involved. It was noted that the MRSA infections
had the most unfavorable outcome: the limb had to be amputated
in 3 of the cases (20%). Moreover, these infections also require
the most complex treatment. (Table 7)

Another correlation could be found in relation to the degree of
infection, based on the Samson classification (Table 8). The
results of deep infections in Samson groups 4 and 5 are not the
most favorable, since in 3 of these patients (42.9%) the limbs had
to be amputated.

Special attention has been paid to 4 particular cases which
raised special treatment problems and in 3 of them the solution
was to cover the prosthesis with a muscle flap.

Case number 1 is a 69-year-old patient, who has undergone a
femoropopliteal bypass operation with 7mm PTFE prosthesis 53
days before onset of infection. Upon hospitalization, the patient’s
operative wounds were slightly dehiscent, with a discrete
hemorrhage at the level of the distal incision and with the
prosthesis completely exteriorized but functional (Fig. 1).

From the history we concluded that the patient, who had been
treated only with antibiotics, irrigation, and debridement in a
local general surgery center with no vascular surgery experience,
have had an infection of the wounds in the postoperative period.
We decided to explant the prosthesis completely in combination
with a wide debridement of the affected tissues. After explan-
tation of the prosthesis the lower limb was well compensated,
therefore it was possible for us to perform a late revascularization
with the saphenous vein taken from the contralateral limb; the
outcome was favorable and the limb could be saved.

Case number 2 is a patient aged 65 with an axillo-femoral
bypass operation in his medical history. Forty-five days after
surgery, the patient’s postoperative wounds were completely
healed, but the prosthesis was completely exteriorized at the level
of the left thorax (Fig. 2).

In this case, we decided to perform a partial resection of the
exteriorized part of the prosthesis, replacing and covering the
new silver impregnated Dacron type graft with a flap taken from
the latissimus dorsi (Fig. 3); the operation was performed in
cooperation with plastic surgeons. The postoperative outcome
was favorable in this case too, and the limbs could be saved.

The third case is a deep infection (Samson group 6) localized in
the inguinal area, following a femoro-crural bypass operation
with a reversed saphenous vein graft. The patient has a dehiscent
and purulent inguinal wound. The microbiological examination
confirms the presence of MRSA and the microscopic examination
of a vein segment taken from the vicinity of the anastomosis

Treatment according to bacteria involved.

AB only Irrigation + debridement Graft explantation + new bypass Muscle flap Amputation Limb salvage
MRSA (n=6) - 1 4 3 3 4
Staphylococcus aureus (n="5) 1 3 1 - - 5
Escherichia coli (n=2) - 2 - - - 2

MRSA = Methicillin resistant Staphylococcus aureus.
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Table 8
Treatment according to infection classification.
AB only Irrigation + debridement Graft explantation + new bypass Muscle flap Amputation Limb salvage
Group 2 3 3 6
Group 3 - 2 - - 2
Group 4 - 1 3 1 1 4
Group 5 - - 3 2 2 2

Figure 1. Completely exteriorized vascular prosthesis at the thigh level of a
femoro-popliteal PTFE bypass.

Figure 2. Exteriorized segment of axillo-femoral bypass.

Figure 3. Covering the prosthesis with a muscle flap.

shows a purulent process around the vein, associated with a
periphlebitis (Fig. 4). In this case, we decided to ligate the
common femoral artery and explant the venous graft completely.
Due to a good arterial compensation of the limb, we were able to
perform a secondary limb revascularization. After the wounds
healed, we restored vascularization with a new venous graft, this
time covered with a Sartorius muscle flap, in order to prevent a
new infection; the outcome was very good.

Case number 4 is a patient with an aorto-bifemoral bypass,
who, from a clinical point of view, had a pseudoaneurysm in the
right inguinal area. We decided to remove the pseudoaneurysm
and to perform a ligation and resection of the right branch of the
bypass. This was necessary due to the presence of a purulent and
hemorrhagic fluid surrounding the right branch of the prostheses.
We harvested a fragment of distal segment of the graft. The
histopathological examination of this prosthesis segment taken
from the immediate vicinity of the anastomosis showed the
presence of the bacteria that caused ruptures of the prosthesis and
of the sutures. At the time of the graft removal, the general status
of the patient was relatively bad, so we decided not to prolong the
operative time. Unfortunately, the outcome was not favorable,
and the limb was lost, due to a poor perfusion of the limb.

3. Discussion

In vascular surgery, infections are a challenge even to an
experienced surgeon. Superficial infections are treated relatively
easily, the administration of antibiotics with an associated local
debridement being sufficient in most cases.!'”! But, in many of
these conservatively treated cases, a superficial infection can be a
risk factor for a deep infection, and the consequences may be
catastrophic if the prosthesis is affected (the amputation rate may
reach 70% in such cases).!

Figure 4. Purulent peri- and endophlebitis at the level of the venous graft
(Trichrome Goldner staining x 200).
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The risk factors that may trigger an infection are multiple, but
studies have shown that the main cause is the intraoperative
contamination of the prosthesis coming into contact with the
surrounding tissues.!'® But there may be other causes as well:
emergency reconstructive surgical interventions, extensive lym-
phatic dissection, a prolonged operative time (more than 2
hours), and a long hospitalization period.!"” In order to achieve
effective prevention, our prophylactic option is to administer 1 to
2g Cefazolin before the onset of anaesthesia, which is then
repeated every 8hours for a period of 24 to 48hours,
postoperatively.

Another factor that may be associated with a high risk of
infection is the type of prosthesis used. Dacron prostheses are
more prone to contamination as compared to PTFE prosthe-
ses. 1?2 In fact, even according to our case records, Dacron
prostheses were more frequently involved in the infectious
process (n=38) versus PFTE (n=3), but an infection of a venous
graft could happen as well.

Once the infectious process has been triggered, the initiation of
the antibiotic treatment as early as possible is the key of
success.?") The duration of antibiotic administration after
treatment by graft explantation is empirical, but at least 2 weeks
of systemic antibiotics is recommended. Patients who received
long-term antibiotics (parenteral antibiotics for 6 weeks,
followed by oral antibiotics for 6 months) had significantly
better results regarding reinfection than patients treated with
short-term therapy (2 weeks).!*?! In the case of a verified infection
with MRSA, the therapeutic option is to administer vancomycin,
in accordance with the recommendations provided by the
literature.!*?!

Nevertheless, in deep infections the basic treatment is surgical.
Depending on the extension and depth of the infection
determined via classification into the Samson groups, we have
at our disposal different solutions. The optimal method is the one
by which the graft is kept intact, but it needs to be associated with
a local irrigation and a wide debridement of the tissues, in order
to eliminate, as much as possible, all local sources of infection.
Vacuum-assisted closure (VAC) or negative pressure wound
therapy (NPWT) is an important modality for wound manage-
ment.?*?* Unfortunately at the time of our study this method
was not available in our department in Romania.

Preservation of the graft is possible only in the cases of groups
2, 3, or 4, when no anastomosis is involved.?>2 In fact in group
4 patients, the preferred method is to explant the prosthesis
completely as well. Conservative treatment preserving the
reconstruction is recommended only in patients who present
with a high perioperative risk and severe comorbidities or those in
which a complete explantation of the prosthesis is associated with
a very high amputation risk and a concomitant reconstruction is
not possible. We used this solution in 2 patients, where we
decided to perform a partial explantation of the infected
prosthesis, restoring the blood flow by interposing a new
prosthesis and covering it with a muscle flap from the vicinity
(latissimus dorsi for the axillo-femoral bypass and Sartorius for a
femoro-popliteal bypass respectively). These procedures allowed
us to maintain the perfusion of the limb. This procedure is
described in the literature as well.''"**”) In the case of extensive
infections or in the situation where complications occur at the
level of the anastomoses, as happens in the patients of Samson
group 5, the only option is to explant the prosthesis completely.
Blood flow can be restored either at the same time, usually via an
extra-anatomic bypass or in situ graft, or, if the limb is not
ischemic, the decision can be made to revascularize the limb in a
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Review of recent vascular graft infections.

Infection rate Amputation rate Mortality
Erb et al®" 20% 30%
Wilson et al*? 20% 18% 18%
Kilic et al®® 10% 25% 18%
Revillas et alt** 0%—2.3% 16% 8%

Batt et al®® 10.5%—16.8% 8.1%—15.4% 10.5%—16.8%

second staged procedure.®??! Insufficient perfusion leads to an
increased rate of major amputations, as happened in 3 patients
(20%) in our study. All of the patients with amputation presented
with a MRSA infection, which proves once more that this
bacteria is responsible for a high rate of amputation in patients
with vascular prosthesis infection.

Our results compare very well with the results reported in the
literature (Table 9). Ratliff et al®®! report an infection rate after
vascular reconstructions of 15% in their single center analysis. In
the latest studies for extracavitary vascular graft infections the
operative mortality ranges from 0% to 30%, amputation from
0% to 25%, and recurrence of infection from 0% to 20%.

4. Conclusion

The optimal treatment of infection is to prevent it. Despite all
prophylactic measures, once the infection has occurred, it is a
threat for the limb or even for the patient’s life. The surgical
strategy is based on determining the etiological agent as
accurately as possible and verifying the depth of the infection.
The optimal result is to save the prosthesis or vein graft, by
associating a local debridement treatment to the antibiotic
treatment. Nevertheless, the infection needs to be regarded as a
dynamic phenomenon, with frequent changes in terms of the
local situation. Having studied the literature, we have concluded
that in case of infections, no treatment algorithm has yet been
clearly established; instead, this is based on the personal
experience of each individual vascular surgeon.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or
comparable ethical standards. For this type of study formal
consent is not required.
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