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ABSTRACT
Introduction: Incidence of peripheral vascular disease has increased
worldwide. It is associated with significant morbidity and mortality. Infra
renal aorto-iliac occlusive disease is the commonest subset. This subset can be
associated with or without distal vessels involvement. It is critical to manage
such cases earliest, to salvage the limbs and to avoid the mortality. Classical
open aorto bi femoral grafting is the gold standard technique. Endovascular
stenting has been slowly but steadily, accepted in selective cases of AIOD.
Less heard laparoscopic and robotic assisted surgery, practised in a small
series of cases but they are yet to prove themselves. Proximal anastomotic
technique is varied with surgeons. Individual techniques have their own
merits and demerits.
Objective: To study the patients presenting with aorto-iliac occlusive disease
and their outcome after open aorto bi femoral grafting using proximal,
side to end double layered reinforced aorto-graft anastomosis with anterior
augmentation patchplasty. We reviewed and compared our technique with
other contemporary techniques available for AOID.
Method: We did a retrospective study of patients from December 2014 to
December 2017 suffering from aorto-iliac occlusive disease and outcome of
open aorto bi femoral grafting using proximal, side to end double layered
reinforced aorto-graft anastomosis with patchplasty technique. Case
history was reviewed in detail about the nature of group and way of their
presentations. Computed tomograms, coronary angiograms of peripheral

INTRODUCTION

A

orto-iliac occlusive disease is an important cause of lower extremity
ischemic symptoms (1). Peripheral arterial disease (PAD) is a complex
disease and highly prevalent among the smokers. Aorto-iliac occlusive
disease is a second most common subset of peripheral arterial disease next
to infra inguinal femoral artery disease involving an atheromatous occlusion
of the infrarenal aorta, common iliac arteries, or both. Patients commonly
present with intermittent claudication, rest pain, critical limb ischemia with
or without gangrene. The leriche syndrome is rarely seen in the triad of
symptoms, claudication, impotence, and decreased peripheral pulses in male
patients. Peripheral vascular disease is a systemic disease and it is not unusual
to see associated coronary artery disease (2).
The commonest underlying pathology is atherosclerosis. Its progression is
enhanced either because of co-morbid conditions like diabetes, hypertension,

and coronary vessels were evaluated to study pattern of disease along with
associated distal vessels involvement. All patients underwent classical open
aorto bi femoral grafting using the technique of proximal, side to end double
layered reinforced aorto-graft anastomosis with anterior augmentation
patchplasty with or with distal bypass. Post-op outcome, complications and
patency of graft was evaluated over the period of 3 years.
Result: The majority of the patients were less than 60 years with the male
predominance. Smoking was strongly associated co morbid condition.
Smokers had bad non graft able vessels requiring more grafts. Delayed
presentation with pre-gangrene or gangrene had an increased incidence of
morbidity and mortality. Technique of open aorto Bi femoral grafting using
proximal, side to end double layered reinforced aorto-graft anastomosis
with anterior augmentation patchplasty is superior in reducing post-op
complication and it allows graft to stay parallel to native vessels so, avoids the
distortion or kinking of the graft. Dacron graft had the higher incidence of
early and late graft occlusion and needed redo surgery.
Conclusion: Infrarenal aorto occlusive disease is second commonest subset
of peripheral vascular disease. Classical open aorto bi femoral grafting is
the gold standard technique. Laparoscopic and endovascular surgeries are
suitable in very selective patients. Technique of open aorto bi femoral grafting
using proximal, side to end double layered reinforced aorto-graft anastomosis
with anterior augmentation patchplasty is superior in reducing complications
and increasing greater patency rate. PTFE graft has the better long-term
patency rate. The incidence of the redo surgeries were higher with Dacron
grafts compared to PTFE grafts.
Key Words: Vascular disease; Coronary artery; Smoking; Thrombosis; Embolism;
Graft

hyperhomocysteinaemia, dyslipidemia or chronic smoking (3). It is also
associated with inflammatory disorders like Takayasus arteritis, Buerger’s
disease and rarely pelvic radiation.
CT angiogram is the best non-invasive diagnostic test to delineate the
peripheral vascular system and the lesions to plan the surgical approach.
Coronary angiogram is needed in the patient presenting with the cardiac
symptoms.
Patients with peripheral vascular disease (PAD) may be associated with
coronary artery disease (CAD). Patients with both PAD and CAD, require
surgery in the form of aorto bi femoral graft (ABFG) and coronary artery
bypass graft (CABG), which needs to be prioritized as per severity of disease.
In a small group of patients, it is imperative to operative both PAD and CAD
together. The surgical approach in such cases is varied. It can be staged or
concurrent, anatomical or extra anatomical ABFG with CABG and priority
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order of ABFG as well as CABG has to be decided as per symptoms of
individual patient (4,5).
It is standard to use a single layer proximal aorto-graft anastomosis. This is
one of the commonest causes of post-operative bleeding from anastomotic
site, hence increases the post-operative morbities. The favoured, end to end
proximal aorto-graft anastomosis, gives most hemodynamic flow due to
position of graft parallel to native vessel which is deficient in end-to-side
anastomosis. In the absence of patch plasty or anterior augmentation in a
side to end anastomosis, it is difficult to lay distal graft without kinking or
distortion. It is specially while rerouting of graft limbs to infra inguinal area
for distal grafting. It could be the reason for the high rate of graft occlusion
and increased need for reintervention in end to side aorto-graft anastomotic
technique (6).
It is the technique of anastomosis, type of graft and the number of distal
graft that dictates the patency of the bypass graft. It is found that risk factor
modification by treating hypertension, dyslipidemia, diabetes, cessation of
smoking and regular exercise controls the progression of atherosclerosis
which in turn helps to improve patency of bypass graft longer than expected
(7,8).

MATERIALS AND METHODS
Figure 2) Aortic incision

Material
It is a retrospective study. Patients with aorto-iliac occlusive disease, who
subsequently underwent open aorto bi femoral grafting using proximal,
side to end double layered reinforced aorto-graft anastomosis with anterior
augmentation patchplasty were considered for the study. Case history,
investigation report (Figure 1), operating findings and procedure were
evaluated in details. Post-operative complications, morbidities and mortality
were assessed.
Method
Cases were operated in the supine position under general anaesthesia.
The mid line abdominal incision was taken and transperitoneal aorta was
approached. The supra or infrarenal aorta and bilateral iliac vessels were
exposed and looped. Bilateral infra inguinal femoral artery was exposed. Inj
Heparin 100 units per kg, is given, before clamping the vessels. Bifurcating
Grafts made of either PTFE or Dacron were used for the procedures. Aorta
at the level of bifurcation was opened involving 2/3rd distal aorta and
1/3rd proximal iliac vessels. The 5 to 6 cm of proximal graft was kept before
bifurcation and the graft ends were beveled (Figures 2-4).
Proximal aorto-graft anastomosis in side to end fashion was done in two
layers reinforced with PTFE felt. First layer with 4-0 polypropylene and the
second layer of reinforcing stitch using 3-0 polypropylene for leak proof
anastomosis. Once posterior suture line was done, anterior gap between graft
and aortic opening, was measured. A triangular patch of a graft was taken
(Figures 5 and 6). The anterior gap was augmented with patch and sutured
(Figure 6).

Figure 3) ABFG-Dacron

Figure 4) Aortic incision and graft

Figure 1) CT angiogram AIOD
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The anterior augmentation patchplasty allows graft to stay close and parallel
to native vessels (Figure 7A and B). This prevents likely chance of kinking
or distortion of graft limbs. The hemodynamic blood flow would be like
seen in end-to-end anastomosis, as graft stayed in line with the native vessels.

The distal grafting to femoral area was done, after proximal anastomosis.
It allows better exposure for primary anastomosis and it is easy to handle
suture bleeding from posterior layer after release of proximal vascular clamp.
Left and right graft limbs were routed to femoral area in their shortest
distance. Distal anastomosis to femoral artery was done, Using 5-0 or 6-0
polypropylene, based on quality of vessel wall (Figure 8). Profundaplasty was
contemplated only if it was involved in the disease.
Distal bypass for femoro- popliteal artery and infra popliteal arteries were
done, using either reversed saphenous or 6 mm PTFE graft. In localised
stenosis, endarterectomy followed by patch plasty was done, using PTFE
patch. In selected cases, concomitant CABG and ABFG had to be done.
First the CABG, followed by the anatomical ABFG surgery was done in the
same sitting.

RESULTS
Total n=150 patients studied retrospectively, who had undergone aortobi-femoral grafting with special technique of proximal aorto-graft, side to
end double layered reinforced anastomosis with anterior wall augmentation
using patchplasty.
Study involved predominantly 121 male (80.67%) and 29 female (19.33%)
patients (Figure 9).
Among the study group, Forty-five patients were between 20 to 40 years
(30%), eighty-six patients were between 41 to 60 years (57.33%) and nineteen
patients were above 61 years (12.67%) (Figure 10).
Figure 5) Posterior layer of proximal anastomosis

Among co morbities, 100 patients were chronic smokers (66.67%), 36 had
hyperhomocysteinaemia (24%), 30 patients were diabetics (20%) and 24
patients were hypertensive (16%) (Figure 11).
Based on Fonten stadium classification, Fourteen (9.33%) patients had
claudication discomfort (Fonten stadium IIa), 22 (14.67%) disabling
claudication discomfort (Fonten stadium IIb), 71 (47.33%) rest pain (Fonten
stadium III), and 43 (28.67%) gangrene (Fonten stadium IV) (Figure 12).
Isolated aortoiliac occlusive diseases with intact femoro-popliteal segment
(Type I) were found in 68 (45.33%) patients, combined aorto-iliac and
superficial femoral artery disease (Type II) in 38 (25.33%) patients,
combined aorto-iliac and femoro-popliteal diseases (Type III) in 22 (14.67%)
and combined aorto-iliac, femoro-popliteal and distal disease (Type IV) in
22(14.67) patients (Figure 13).
Among Twenty-seven coronary artery diseases (18%) patients associated
with aorto-iliac occlusive disease, sixteen patients had concurrent ABFG and
CABG (10.67%) surgeries in this series.
Total 150 aorto-bi- femoral grafting (100%), 28 femoro-popliteal grafting
(18.67%), 16 distal infra popliteal grafting (16%), 24 thrombectomy (16%),
14 endarterectomy with patchplasty (9.33%) and nine major amputations
(6%) done (Figure 14).

Figure 6) Aorto-graft anastomosis, anterior wall augmentation patchplasty

Figure 7A

Out of 150 ABFG surgery, in 60 patients PTFE grafts (40%) and in 90
patients Dacron grafts (60%) were used (Figure 15).

Figure 7B

Figure 7) (A,B) Aorto-graft anastomosis and anterior wall augmentation patchplasty
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Figure 11) Co-morbidities and AIOD

Fonten Stadium Classiﬁcation
60.00%
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Figure 12) Fonten-Stadium classification

AIOD with Spectrum of Distal
disease

19.33%

Female
Male

80.67%

70
60
50
40
30
20
10
0

FOD +
POD +
Distal
Diseae

FOD

FOD +
Distal
Disease

FOD +
POD

POD

POD + AIOD +
Distal No Distal
Disease

Figure 13) AIOD with spectrum of distal diseases
Figure 9) Gender distribution
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Figure 14) ABFG and associated distal vascular surgery
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Figure 10) Age group
Mean duration of surgery was 141.21 minutes (SD-20.060). The Suprarenal
mean clamp time was 25.17(SD-14.520) minutes and infer renal mean clamp
time was 26.43(SD-16.580) minutes. In view of the critical renal ischemic
time, proximal anastomosis was done in a faster pace in the suprarenal
clamped patients compared to the infrarenal clamp patients during ABFG
surgery (Figure 16).
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Post operatively, mean of 47.29 ml blood loss from abdominal drainage
tube. The ten patients had drainage more than 100 ml and highest blood
loss was 210 ml. Very few to mention, complication occurred and majority
of them managed conservatively. Immediate Complication like, ten had
bleeding (6.67%), two had bowel injury (1.33%), one had inferior vena cava
injury (0.67%) and six had graft occlusion (4%). Out of six grafts occlusion,
one had PTFE graft and remaining 5 had Dacron grafts. Bowel and IVC
injury repaired on table and post operative recovery uneventful (Figure 17).
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Surgical Complications

Majority of bleeding managed conservatively. One patient had to be
reexplored for bleeding and extra suture taken on proximal anastomosis.
Six patients underwent embolectomy (15.38%) for immediate post operative
graft occlusions. The mean hospital stay was 7.87 days (SD-1.830).
In this series, we lost 5 patients due to sepses in three (2%), acute renal
failure in one (0.67%) and cardiac arrest in one (0.67%) within 30 days of
post operative period. There were no late deaths (Figure 18).
Over a period of 3 years follow up, ten patients had ABFG occlusion. Out of
which two patients were with PTFE grafts and eight with Dacron grafts. In
PTFE graft group blood flow established with mere thromboembolectomy
using Fogarty arterial and Fogarty graft embolectomy catheter. Out of eight
patients in Dacron graft group, two patients’ blood flows re-established
with thromboembolectomy but remaining six patients needed re do ABFG
surgery using PTFE graft. Post operative period uneventful.

haemorrhage

19%

IVC Injury
Cardiac arrest
ARF

29%

Sepsis

7%

Graft Occlusion

3%
7% 3%

DISCUSSION
Incidence of peripheral vascular disease (PAD) have increased due to
increased co morbities and smoking among general population. Majority have
a multilevel localization of atherosclerotic diseases. More than half of aortoiliac occlusive diseases are associated with distal lesions in femoral, popliteal
and much smaller distal vessels, requiring simultaneous intervention (9).
Majority of PAD present in the advanced stage. Surgical revascularization for
lower limb ischemia remains an important component for optimization of
quality of life and symptoms in patients with peripheral arterial disease. It is
challenging to choose a right form of surgery to salvage the limbs and the life.

Bowel Injury

32%

Figure 17) Surgical complications

Mortality
2.50%
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Aorto-femoral bypass (AFB), ilio-femoral bypass (IFB), and aortoiliac
endarterectomy (AIE) are the three most common techniques for anatomical
surgical revascularisation for patients with aorto-iliac occlusive disease
(AIOD). Commonest being aorto bi femoral graft (ABFG) surgery. Iliofemoral bypass is easy to do but long-term patency is dismal. Endarterectomy
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Figure 18) Mortality in ABFG surgery
and patch plasty is used in localised selected lesions with reasonable
acceptable results (10).

PTFE BF Graft
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Figure 15) Type of graft used for ABFG
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Figure 16) Duration of surgery and aortic clamp time
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The gold-standard treatment for AIOD disease is aorto bi femoral bypass
surgery, according to the Inter-Society Consensus for the Management of
Peripheral Arterial Disease (TASC II) study (11). This procedure has been
performed for many years with good long-term results (12). Classical open
ABFG is commonest technique used by most surgeons, worldwide to treat
aorto-iliac disease. It gives, ease of access to aorta, ease of anastomosis with
able to control complications and the good long term graft patency. No
other technique is proved better than open technique which can be used
universally to treat AIOD patient. The long-term patency rate is 85%-90% at
5 years and 75%-80% at 10 years. It is best among the interventions for an
aorto-iliac occlusive disease.
It is very rare to come across major complications while doing open ABFG.
Immediate complications in ABFG are vascular damage, bleeding, intestinal
damage, ileus, myocardial infarction and renal failure. Late complications
are aorto-enteric fistula, sexual dysfunction, infection, graft thrombosis and
anastomotic pseudo-aneurysm (13).
Minimally invasive surgeries, such as laparoscopic and robotic assisted
ABFG surgeries are done. They have been studied in a small group of
patients, with an ambiguous outcome. Such procedures are case selective.
Endovascular intervention is a well accepted alternative modality for AIOD
worldwide. Extra-anatomic bypass for AIOD is considered if above options
are not feasible. In fact, direct anatomic aortic reconstruction, catheter
based endovascular and extra anatomic graft chosen diligently as per patient
unique anatomic and risk characteristics (14).
Classical open technique of ABFG, most widely used but controversy exists
over which is best. Open techniques is being accepted lesser and lesser in
the era of a minimal incision but an argument about long term outcome
of low risk extra anatomic repair and endovascular intervention is yet to
be answered satisfactorily. Each approach has a selective role to play in the
overall management of aortoiliac occlusive disease if applied in appropriate
settings. Majority of them are chosen as per location, and severity of the
disease (15).
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Endovascular stenting is widely accepted worldwide is selected patients. Its
primary patency rate is poor. Rate of reintervention and cost of procedure
is high (16). Femoro-femoro jump graft possesses superior long-term
durability and patency when implemented in combination with aorto-uniiliac stent grafts and does not seem to compromise the endpoint success of
endovascular treatment (17,18).
The technical success rate was significantly lower in the Aorto iliac stent
group, 83% than 100% in the surgery group. The primary 1, 3, and 5
year patency rates were 93.6%, 90.2%, and 90.2%, respectively, in the
surgery group, compared to 91.4%, 81.8%, and 64.2%, respectively, in
the endovascular stent group. No differences were observed in survival
rate, limb salvage, or secondary patency. Endovascular intervention
success rate claimed to be high but it has its own complications. The
most common complications are migration of stent, parastent leak,
adjacent vascular occlusion, peudoaneurysm, arterial dissection and
rupture, wire access site hematomas, distal embolization, and iliac artery
ruptures. The complications were most often treated conservatively or
using percutaneous techniques. Endovascular stent appear to be a safe,
minimally invasive, and reliable procedure for patients with chronic
infrarenal aortoiliac occlusion in selected patients with or without surgery
(19). Open ABFG surgery is still the first choice for the patients who can
endure the surgery. Endovascular treatment is an option for patients with
high risk (20). Compared with ABFG, endovascular stenting is associated
with decreased primary patency, decreased perioperative morbidity, and
shorter hospital stay (21,22).
Endovascular intervention opened a path for minimal invasive surgery.
Minimal incision aortic surgery (MIAS), total laparoscopic, laparoscopicassisted, and laparobotic techniques have been used to treat AIOD. Totally
laparoscopic aorto-bi-femoral bypass is a safe alternative to open surgery in
selected patients, with excellent long-term patency rates, albeit at the cost of
a steep learning curve (23,24).
Laparoscopic abdominal aortic surgery is feasible and may offer good
postoperative recovery with excellent mid-term patency with a shorter
hospital stay. A steep learning curve is needed. For these reasons laparoscopic
video-assisted technique can be considered a third means of treating severe
occlusive and aortic aneurysm. Role of its usage in all procedure is not
advocated (25). Whatever the minimal approach, the aorto-prosthetic graft
anastomosis is a major difficulty making those techniques unpopular despite
obvious advantages for the patients (26).
Major shortcomings of laparoscopic aortic surgery are the long operating
times and the steep learning curve required for these procedures. The mean
operating time was 250 minutes, including an aortic cross-clamp time of 40
to 120 minutes. Hand-assisted laparoscopy is a minimally invasive technique
with operating times and outcomes similar to those of conventional
procedures (27). However, in spite of the many technical improvements
that have already been made, totally laparoscopic and even laparoscopically
assisted aortic surgery remains technically demanding (28). They are accepted
options but indicated only in minuscule cases of AIOD. Laparoscopy failed
to gain acceptance in the vascular surgery community due to intrinsic
procedural challenges and complications worldwide. Minimal incision aorto
bi femoral graft and endovascular intervention might provide a mortality
and morbidity benefit in higher risk patients with acceptable short- and longterm outcomes (29).
Anatomical repair is straightforward and widely accepted. In certain special
situation nonanatomical repair is accepted if patient is critically ill and
unable to tolerate open technique or anatomy is not suitable for endovascular
intervention. Ring-reinforced, 8-mm expanded polytetrafluoroethylene
grafts or plain Dacron grafts are used but long-term benefits are dismissal
(30). Axillo-femoral bypass is a hemodynamically inferior reconstruction
that should be performed only in high-risk patients, considered in hostile
abdomen and short life expectancy of life (31,32).
There are two types of bifurcated synthetic grafts available for ABFG surgery.
Dacron and polytetrafluoroethylene (PTFE) grafts. In many papers these
grafts were compared in aorto-bi-femoral position. Karner and Lord, found
no significant difference between them after aorto-bi-femoral reconstructions.
Paaske et al. wrote about a new stretch bifurcated PTFE graft in aorto-bifemoral position. Comparing this material with standard Dacron graft, he
only found a shorter operating time (33).
The type of graft material and technique of anastomosis of graft, have
an impact on long-term patency of graft. PTFE bifurcating graft is most
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suited and reliable graft with least chance of immediate reintervention.
Its suture line bleeding is worrisome and graft is expensive compared to
Dacron graft. Dacron Bifurcating graft is easily available, cheap and has
no suture hole bleeding. Dacron graft wall leaks on stretching and has a
high rate of thrombosis if adequate activated clotting time (ACT) is not
maintained during immediate post-op period. Incidence of immediate
and late thrombosis is high with Dacron graft needing immediate
embolectomy and late redo bypass. The Dacron graft thrombosis is
very high, particularly in those patients who stop oral anticoagulation.
Significant number of patients with Dacron graft had to undergo redo
surgery either in the form of thrombectomy or redo fresh aorto-bifemoral grafting.
The proximal aorto-graft anastomosis can be done either end to end or
side to end anastomosis. Studies have shown, side to end anastomosis has a
higher incidence of immediate and late graft occlusion compared to end to
end anastomosis (7).
In our technique, all proximal anastomosis were side to end anastomosis
with anterior wall augmentation using patchplasty. Proximal body segment
of bifurcation graft should be as small as possible but adequate enough to
do proximal graft anastomosis. Anterior wall augmented with the triangular
patch, keeps graft parallel to the native aorta, which avoids deforming or
kinking of graft limbs. This could be the reason for natural hemodynamic
flow of blood like seen in an end to end anastomosis leading to longterm patency of our grafts as that of end-to-end anastomosis. Side to end
anastomosis reduces the suture edge bleeding. If bleeds occurs, it is easy to
control compared to end to end anastomosis. Transabdominal rerouting
of bifurcating limb, to infra-inguinal femoral vessels, should be in shortest
distance. The rerouting of left graft limb directly, instead of taking through
sigmoid colon mesentery, gives better lie of graft. It avoids likely chance of a
kink or deformity (7).
Although primary patency was similar between grafts, secondary patencies
were better with Dacron at 10 years. Dacron prosthetic grafts are superior
to PTFE grafts in above-knee femoro-popliteal arterial bypass procedures
(34). In our study results were otherwise. We found PTFE graft patency is
better than Dacron. Incidence of Graft occlusion and redo surgery was high
with Dacron grafts. Location of distal anastomosis on femoral artery dictates
graft patency. The reasons for the early graft occlusions are stenosis of distal
anatomises and poor run off due to distal diffuse disease. The reasons for
late graft occlusion are abnormal hemodynamic blood flow, proximal and
distal progression of atherosclerotic diseases, distal anastomotic stenosis, and
anastomotic neointimal hyperplasia (4,35).

CONCLUSION
Aorto-iliac occlusive disease is commonest subset among the PAD. It is
known to associate with co morbid condition like diabetes, hypertension
and coronary artery disease. Chronic smoking is a strong risk factor for
a younger group PAD. The smoking hastens the pathophysiology of
underlying atherosclerosis and peculiarly involves vasculature diffusely with
poor graftable targets.
The aorto-iliac occlusive disease is associated with coronary artery disease,
staged procedure is found to have better outcome with the lesser morbidity
and mortality
Classical open technique of open aorto bi femoral grafting using proximal,
side to end double layered reinforced aorto-graft anastomosis with anterior
wall augmentation patchplasty is superior in reducing post op complications
and improves greater graft patency rate. It prevent graft deformity in turn
improves, distal natural hemodynamic blood flow like found in, end to end
anastomosis and so in turn reduces the incidence of immediate and late
graft occlusion.
Nature and make of graft does make the difference in outcome of long-term
patency. Dacron grafts showed the high rate of occlusion requiring redo
surgery.
Diffuse diseases with poor targets, needing higher number of bypass,
subsequently have the higher incidence of reintervention and increased
morbidities.
Stringent oral anticoagulation, anti platelate drugs and modification of risk
factors gives best long term graft patency and symptom free life.
Minimally invasive and Endovascular stent have worthy role in selected
patients, in spite higher cost and steep learning curve.
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