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INTRODUCTION

Aortic prosthesis infection poses a significant challenge 
for vascular surgeons. Its treatment requires explantation of 
the aortic graft, followed by restoration of blood perfusion. 
The neo-aortoiliac system (NAIS) operation, first described 
by Clagett et al. [1], has provided a new perspective on this 
lethal condition. In most cases, autologous veins can be 
used as arterial conduits. In a recent review, Pallister and 
Chung [2] showed how the femoral veins may be utilized 
for in situ reconstructions following meticulous planning 
and surgical techniques. However, there are sometimes 
unforeseen difficulties with the NAIS vein upon explora-
tion, such as a large size mismatch, inadequate length, or 
fibrotic stenosis. Recently, we encountered two cases in 

which the superficial femoral vein was too short to perform 
the NAIS operation and thus treated them with a combina-
tion of silver-impregnated Dacron graft implantation and 
NAIS technique. This variant NAIS technique can preserve 
the benefits of the NAIS operation in the infected field and 
expand its applicability in various situations. The combina-
tion of a silver-impregnated graft and the NAIS is a feasible 
bailout technique should the NAIS vein appears inadequate 
upon exploration. Hence, we present two cases of aortic 
graft infection in which in situ aortic reconstruction was 
performed using this alternative technique.

Informed consent was obtained from the patients or the 
patients’ next of kin prior to publishing their images and 
history. Therefore, approval by Institutional Review Board 
(IRB) was waived.
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CASE

1) Case 1

A 73-year-old male patient was admitted to an outlying 
general district hospital owing to an abscess in his right 
groin. Medical history-taking revealed open repair of an 
abdominal aortic aneurysm with an aortobifemoral bypass 
3 years prior. Computed tomography angiography (CTA) re-
vealed a pseudoaneurysm of the right common femoral ar-
tery at the site of the anastomosis, along with inflammatory 
perigraft tissue, extending to the retroperitoneal periaortic 
space and revealing a psoas abscess (Fig. 1A). After receiv-
ing intravenous antibiotics (ciprofloxacin and clindamycin) 
for 10 days, he was transferred to our hospital. We urgently 
proceeded to the operating room where under general 
anesthesia the graft was completely excised and sent for 
culture accompanied by the perigraft fluid. The aortic wall 
and surrounding tissues were debrided, and retroperito-
neal irrigation was performed using an antibiotic solution 
(rifampicin). Subsequently, bilateral femoral veins were 
harvested in their total length by extending the dissec-
tions beyond the adductor magnus tendons. However, the 
lengths of both femoral veins were inadequate. Therefore, 
restoration of blood flow was accomplished using an in situ 

composite graft (Fig. 2A). A short segment of a bifurcated 
silver-coated Dacron graft was proximally sutured to the 
infrarenal aorta, and the distal graft limbs were anasto-
mosed to the vein conduits, which were eventually linked to 
the femoral bifurcations (Fig. 3A). Owing to this configura-
tion, the use of a prosthetic graft in the contaminated in-
guinal region was obviated, and the proximal anastomosis 
was managed with no significant mismatch owing to vein 
caliber discrepancy. After 5 days in the intensive care unit 
(ICU), the patient was transferred to the ward. Despite his 
lymphatic fistula in his right leg, which was treated con-
servatively with compression, the postoperative course was 
uneventful. He received intravenous meropenem and van-
comycin during his hospital stay, followed by an oral regi-
men of ciprofloxacin and clindamycin for 6 weeks after his 
discharge on the 20th postoperative day in a good general 
condition. However, both the preoperative blood cultures 
and cultures of the excised graft and perigraft fluid yielded 
negative results.

2) Case 2

A 64-year-old male patient sought medical attention 
for recurrent episodes of fever and discomfort in his left 
thigh. He had a medical history of aortobifemoral bypass 

A B

Fig. 2. Intraoperative images of the composite graft. (A) Case 1. A short segment of a bifurcated silver-coated Dacron graft 
was sutured to the infrarenal aorta proximally and to the autologous vein grafts distally. (B) Case 2. A short segment of a 
tubular silver-coated Dacron graft was sutured to the infrarenal aorta proximally and the autologous vein graft distally to 
the right side. The entire aortobifemoral graft was excised, including the thrombosed left limb, while debriding the sur-
rounding infected tissue due to enteric fistula.

A B Fig. 1. Preoperative computed 
tomography scans. (A) Case 1. 
Yellow arrow indicates periaor-
tic fluid and gas. (B) Case 2. Red 
arrow indicates inflammation 
tissue and gas encircling the 
femoral vessels.
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owing to aortoiliac occlusive disease 4 years prior. CTA re-
vealed a retroperitoneal periaortic mass mainly on his left 
psoas extending downward, as far as the mid-thigh (Fig. 
1B). Graft infection and abscess formation were suspected; 
however, blood cultures failed to exhibit any pathogenic 
microorganisms. There was also an inflammation near the 
cecum in proximity to the right limb of the graft, while 
the left limb of the graft was thrombosed. Despite the last 
finding, the patient did not complain of claudication. The 
patient was administered intravenous meropenem/vanco-
mycin. Under general anesthesia, a long midline incision 
was made, and transperitoneal access revealed a fistula 
between the sigmoid colon and the left limb of the Dacron 
graft along with erosion of the cecum in proximity to the 
right limb. Thereafter, the entire graft was excised, and the 
aortic wall with the surrounding tissue was debrided and 
sent for culture. Retroperitoneal irrigation was performed 
using an antibiotic solution (rifampicin). Reperfusion was 
performed via in situ reconstruction of an aorto-right 
femoral bypass. For this reason, the right femoral vein was 
harvested in total length beyond the adductor hiatus (Fig. 
3B). However, the length of the harvested femoral vein 
was considered inadequate despite preoperative planning. 
Hence, a composite conduit consisting of a short segment 
of a silver-coated Dacron graft and his right femoral vein 
was created (Fig. 2B). Considering the thrombosed left limb 
of the graft, sufficient collateral circulation of the left limb 
(ankle–brachial index of 0.6), and need to avoid the spread 
of inflammation and to shorten the operation time as much 
as possible because of his infirm condition, we proceeded 
without restoring the blood flow to his left limb. During 
the same procedure, sigmoidectomy and primary repair of 
the cecum lesion were performed. On the 5th postoperative 
day, he developed necrosis of the sigmoid colon, which was 
treated with Hartmann colectomy. Four days later, the pa-
tient experienced a rupture of the cecum repair site, which 
was confronted with right hemicolectomy. Cultures of the 
excised graft and perigraft tissue revealed the presence of 
multiple microorganisms possibly related to the aorto-en-

teric fistula. Carbapenem-resistant Klebsiella pneumoniae, 
along with Escherichia coli, Proteus mirabilis, Enterococcus 
faecium, Bacteroides fragilis, Clostridium glycolicum, and 
Candida albicans, was isolated. Therefore, the antibiotic 
regimen was substituted with a combination of culture-
specific antibiotics (i.e., daptomycin, metronidazole, ampi-
cillin, anidulafungin, and ceftazidime/avibactam). Regret-
fully, after 38 days of ICU stay, the patient died of sepsis.

DISCUSSION

Aortic graft infection is a life-threatening complication 
that occurs in 1% to 2% of cases of conventional aortic 
surgery [3]. Its management is considered one of the most 
demanding situations in vascular surgery; it requires ex-
plantation of the infected graft and wide debridement 
followed by reperfusion. Various approaches have been 
presented as treatment plans; however, the most efficient 
treatment remains under discussion. The most widely ac-
cepted solution is extra-anatomic (axillobifemoral) bypass 
to reperfuse the viscera and the lower limbs, followed by 
excision of the infected prosthesis and proximal and distal 
ligations of the infrarenal aorta [4]. Several in-situ tech-
niques have been described over the years. Each technique 
demonstrates its advantages over extra-anatomic bypass. 
The in situ technique involves the use of a wide variety of 
grafts, such as antibiotic-bonded grafts (e.g., rifampicin-
bonded Dacron grafts), silver-coated Dacron grafts, cryo-
preserved arterial homografts, and xenografts. The NAIS 
technique is a method of in situ reconstruction where the 
use of autologous veins offers significant advantages over 
the other techniques.

The goal of treatment is to improve the overall survival 
and limb salvage rates by offering a reperfusion technique 
with the highest long-term patency and the minimum rate 
of recurrent infection. Conversely, the operation should 
have the least impact on the patient’s already poor condi-
tion. Despite significant progress in perioperative manage-
ment, the mortality and morbidity rates remain high [5]. A 

A B

Fig. 3. Intraoperative images. 
(A) Case 1. Bilateral anastomo-
ses of the autologous vein graft 
at the femoral bifurcation. (B) 
Case 2. Harvesting of the right 
femoral vein.
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meta-analysis by O’Connor et al. [6] challenged the status 
of extra-anatomic bypass as the gold standard technique. 
They demonstrated several advantages of in situ graft re-
placement over extra-anatomic bypass, such as better graft 
patency, lower amputation and reinfection rates, and better 
overall survival.

The optimal conduit for use after aortic graft removal 
remains controversial. All types of conduits present limita-
tions, and the success depends on many factors, mainly the 
patient’s comorbidities and severity of infection. In a recent 
meta-analysis, Batt et al. [7] showed that although in situ 
reconstruction may be considered as a first-line treatment, 
the choice of the conduit should be based on variables, 
such as patient’s age, aorto-enteric fistula, and virulence 
of the causative microorganisms. They showed that the re-
infection rates were not significantly different among the 
available conduits. However, they concluded that silver-
coated Dacron grafts yielded better outcomes in older pa-
tients, and autologous veins are probably the most suitable 
conduit to prevent reinfection. Silver-coated Dacron grafts 
have emerged as a reasonable option for the treatment of 
infected aortic grafts [8]. They are granted availability and 
relatively low rates of secondary procedures. Bisdas et al. 
[9] compared cryopreserved arterial homografts with silver-
coated Dacron grafts for abdominal aortic infections and 
found no significant differences in the 2-year survival and 
limb salvage rates. Silver-coated grafts have several advan-
tages: They do not contribute to antibiotic resistance and 
are quite effective in a wide range of bacteria, including 
methicillin-resistant Staphylococcus aureus species. In ad-
dition, they are available in different sizes and types; there-
fore, they have shown significant versatility, which allows 
them to be straightforward and simple to use [5].

Regarding NAIS operation, the theoretical advantages of 
this technique are the unique characteristics of the superfi-
cial femoral veins. The infection resistance and non-throm-
bogenic surface, along with their large caliber, make them 
an ideal conduit [10]. From a technical perspective, the 
NAIS operation is a demanding procedure, but still within 
the capabilities of a well-trained vascular surgeon. Ali et al. 
[11] showed that no “learning curve” is required. However, 
this approach has some important limitations. The NAIS 
technique is a time-consuming procedure that may last, on 
average, for 9 to 11 hours, adding a significant burden to 
an already fragile patient. In addition, the harvested veins 
occasionally have an inadequate length or caliber, and in 
the postoperative course, there is always a risk of deep vein 
thrombosis, compartment syndrome due to excessive limb 
edema, and lymphatic fistula following extensive incisions 
[2].

Herein, we present two cases of aortic graft infections. 

Although the original strategy was to perform a NAIS op-
eration, in view of the suboptimal femoral veins intraopera-
tively, we used a composite graft, attempting to combine 
the advantages of both the NAIS technique and silver-coat-
ed Dacron graft implantation. Autologous femoral veins are 
utilized as a durable conduit and less prone to reinfection 
in the contaminated inguinal area, while silver-impregnated 
graft implantation can readily obviate size discrepan-
cies without complex modifications to the proximal aortic 
stump or vein graft.

In view of the inadequate length of the vein conduit, 
along with a mean diameter of 5 to 6 mm in both cases, 
and considering that the cause of the infection was con-
fined distally to the aortic graft, mainly in the groins, we 
proceeded to use a composite graft rather than an entire 
silver-coated Dacron graft, which would have covered the 
regions all the way to the common femoral artery; this 
was because in the latter case, the reinfection risk would 
be theoretically much higher. After removing the infected 
prosthesis, we created a composite graft consisting of a 
short segment of the silver-coated Dacron graft and femo-
ral venous limbs. In the first case, a bifurcated silver-coated 
Dacron graft was used, while in the second case, a tubular 
graft was used. Following the completion of the anasto-
moses in both cases, omentoplasty was performed to cover 
and guard the Dacron graft. By preserving the patency of 
the deep femoral veins, none of our patients exhibited deep 
vein thrombosis while we proceeded with respect to the 
lymphatic channel when performing a layered closure of 
the extensive longitudinal thigh incisions. In the first case, 
the graft remained patent without any sign of reinfection 
at 2 years of follow-up. In the second case, even if there 
was no sign of reinfection or malfunction of the composite 
graft, the colonic lesions and the inability to heal the intes-
tinal anastomoses proved to be lethal.

Variations in the NAIS technique have been previously 
published. In one case, the preservation of a segment of the 
affected synthetic graft was combined with the use of both 
deep and superficial veins of the lower limbs; in another 
case, there was a unilateral inline replacement of the in-
fected aortofemoral graft limb by the femoral vein without 
excision of the entire synthetic graft [1,12]. Herein, we pres-
ent a variant NAIS technique in which a short segment of a 
silver-coated Dacron graft was combined with the harvest-
ed autologous femoral veins in a composite graft. To the 
best of our knowledge, this is the first report published in 
the English literature describing this composite graft. This 
approach creates a balance between the advantages and 
disadvantages of other types of in situ reconstruction. Our 
variation of the NAIS technique proved to be versatile and 
effective. It may be significantly useful in young patients, 
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particularly in cases where the infection is confined distally 
to the pelvis or groins, and less virulent microbes are pres-
ent.

In conclusion, for the treatment of aortic graft infec-
tion, a variant NAIS procedure using a composite conduit 
of silver-coated Dacron graft and autologous femoral veins 
may be a feasible technique in bailout situations where the 
NAIS technique alone cannot be completed because of the 
suboptimal femoral veins.
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