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1. Introduction

It is well known connection between the stroke and diseases of carotid artery (stenosis,
aneurysm, kinking). In the XIX century postmortem studies showed association of ischemic
brain lesions and plaque formation in carotid bifurcation [1]. Later in 1937 Egaz Moniz
performed first angiography while neurologists started to consider connection between
carotid and brain lesions, and very soon idea for surgical treatment was born [2]. In 1951, in
Buenos Aires, Carrea performed external to internal carotid artery bypass, and published it
in 1955 [3]. In the period from 1955-1975 different important cardiovascular surgical groups
published their reports about surgical treatment of carotid stenosis in symptomatic patient
using different reconstructive procedures. Eastcot, Pickering and Rob in 1954 reported
resection of carotid bifurcation and internal to common carotid artery bypass, while
DeBakey, then Row and Cooley performed carotid endarterectomy (CEA) — plaque removal
instead of bypass [4, 5 6, 7]. Afterwards idea of plaque removal instead of bypass was
accepted widely, and its’ efficacy in stroke prevention was later proved in multiple trials [8,
9,10, 11, 12, 13].

Still, diverse pathologies of carotid artery were treated even before this obsession with
carotid stenosis. French surgeon LeFevre used external carotid artery for flow restoration in
case of traumatic lesion of internal carotid artery [14]. In the golden fifties, when carotid
surgery was born, other authors reported their experience in treatment of carotid aneurysms
[15, 16]. Although Dimitza used resection and reanastomosis, Beall had to use graft
interposition. In this position authors were using autologous and synthetic graft with
similar results; however in region susceptible to infection, autologous graft was preferred.
DeBakey also reported his results in usage of graft replacement in case of carotid trauma
[17]. In the beginning of treatment of carotid stenosis there were also reports of different
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12 Vascular Surgery — Principles and Practice

techniques similar to those described in trauma and aneurysmatic disease. Dehnman et al
treated carotid occlusion with homograft while Doyle et al used saphenous vein for
treatment of carotid stenosis [18, 19]

On the other side, endarterectomy as surgical method for the treatment of stenotic arterial
lesions was performed on superficial femoral artery, by Dos Santos, and later with extensive
usage of Heparin it gain more success and showed its role in aorto-iliac position [20, 21].
Further experience showed its” excellent effect in focal stenotic lesions in vessels with large-
caliber and high-flow rate. In everyday clinical practice this technique has proved efficient
in patients with localized disease limited to the distal aorta or proximal iliac arteries and
distal common femoral artery obstructing deep femoral artery orifice (profundoplasty) [22,
23, 24]. On the contrary in extensive atherosclerotic pattern that are more frequent in clinical
practice, endarterectomy is technically demanding with poor long term results [25]. Later
trough history, short lesions were preferably treated by endovascular means, leaving bypass
reconstruction for longer ones, while isolated endarterectomy is becoming almost forgotten
except in carotid bifurcation. It is rarely recognized in the literature that in some, not
frequent, situations endarterectomy in stenotic carotid artery is not possible or it might be
jeopardized. What are modes of reconstruction of carotid artery when CEA fails or is not
possible? If bypass or graft replacement is alternative in peripheral occlusive disease, should
we apply it in carotid position as well in situations when extensive disease is encountered or
technical challenge happens?

2. Aim of the chapter

The aim of this chapter is to show results and experience of a single high volume center in
usage of synthetic graft in the treatment of extensive carotid atherosclerotic disease and to
analyze published results related to this topic.

3. Material and methods

Clinic for Vascular and Endovascular Surgery of the Serbian Clinical Center is located in
Belgrade, Serbia, and it was part of the Second surgical clinic, the cradle of cardiovascular
medicine in the former Yugoslavia. First vascular procedures were performed in its’
facilities in the sixties (1966) by outstanding pioneers of this, in that time, new branch of
surgery — V. Stojanovic and B. Vujadinovic. Figure 1 (A and B). Further development of this
institution was supported by the fact that it becomes educational and referral center.
Intensive cooperation with leading world centers of excellence, sending its practitioners for
education and organizing demonstrational operations in own facilities contributed to
popularization and development of cardiovascular surgery in the former Yugoslavia,
Balkans and Eastern Europe with consequent progress in treatment of cardiovascular
patients in this institution. Later S.Lotina, (Figure 1 - C) successor of Stojanovic and
Vujadinovic, has significant role in development of vascular surgery in this institution, since
he struggled for segmentation of cardiovascular surgery in the late eighties and middle
nineties and eventually achieved expansion of independent vascular department with
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surgeons and angiologists dedicated to this field. Later, Lazar Davidovic, (Figure 1 - D) one
of his pupils, becomes new leader of this department accomplished to improve it to the level
of the clinic. After finishing his education with fellowship at Pitié-Salpétriere hospital in
Paris, under the service of Prof Eduard Kieffer, where he improved his experience in aortic
and carotid surgery, adopting eversion technique, L. Davidovic brought new modern
perspectives in the diagnosis and treatment of vascular patients not only in this institution
but rather in the whole country of Serbia. Since then the number of carotid and aortic
procedures is annually increasing in this institution reaching almost 600 carotid and almost
500 aortic in the year 2011, with sensible and gradually introduction of endovascular
procedures (carotid, peripheral stenting and endovascular repair of aortic pathology)
according to published results, guidelines recommendation and available financial support
of national health care system.

Figure 1. Leaders of development of vascular surgery in Serbian Clinical Centre in last 60 years. A.
Vojislav Stojanovic (1955-1971) B. Borislav Vujadinovic (1971-1985) C. Slobodan Lotina (1985-2002) D.
Lazar Davidovic (2002- still leading Clinic for Vascular and Endovascular Surgery)

In the period from January 2003 to October 2006, at the Clinic for Vascular and
Endovascular Surgery of the Serbian Clinical Centre, 1250 procedures due to carotid artery
stenosis in 1127 patients were performed. Carotid stenosis was repaired by eversion or
conventional endarterectomy (CEA) and synthetic graft (Dacron®) interposition in 987 (78,
96 %), 205 (16, 4 %) and 58 (4, 64 %) patients respectively. We retrospectively analyzed
prospectively gathered data related to the subgroup of patients operated with graft
replacement.
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Indications for conventional EA with usage of protective intraluminal shunt were
contralateral occlusion, recent stroke or transitory ischemic attack and intraoperative stump
pressure below 40mmHg. These patients were excluded from this analysis. Other patients
were operated with eversion technique. Eversion EA was performed in the same manner as
described elsewhere in the literature [26].

Indications for graft replacement (GR) were: extensive atherosclerotic disease proximal
and/or distal to carotid bifurcation revealed intraoperatively during dissection or
preoperatively by means of ultrasound, digital subtraction angiography (Figure 3.) or
multidetector computed tomography; long segment of thrombotic surface after EA; bad
quality of arterial wall after EA; inadequate end of the endarterectomy cleavage; any other
technical problem that could endanger the success of procedure. Decision for GR was made
by operating surgeon.

GR was performed after complete resection of carotid bifurcation and its removal. Dacron
graft of 6 or 8 mm in diameter was used depending on the ICA and CCA diameter. Initially
anastomosis between the graft and ICA was made, in the continuous fashion, “parachute”
technique, with Prolene 6-0 suture. Upon finishing the anastomosis clamp was removed
proximaly on the synthetic graft in order to verify anastomotic compatibility. Afterwards
proximal anastomosis between CCA and synthetic graft was sutured with Prolene 5-0 in the
same fashion. Flushing and air removal is of outmost importance before declamping since
there is in-line flow directly to endocranial vascular bed without any patent branch.
Reattachment of ECA was performed selectively according to its quality, position and
already spent time for GR (Figure 2 and 3.).

Figure 2. Schematic presentation of carotid graft replacement. A. Resection of carotid bifurcation
B. Suturing distal anastomosis C. Suturing proximal anastomosis
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Figure 3. Intraoperative image of final graft reconstruction A. Dacron graft interposition B. Dacron graft
interposition with reimplanted external carotid artery

In this period of time (2003-2006) cervical plexus block was introduced for carotid surgery in
our institution, and consequently we changed the indications for conventional
endarterectomy and shunt usage performing it only in case of neurological deterioration of
the patient during carotid cross clamping. However patients treated with conventional EA
with extensive atherosclerotic disease were not analyzed in this paper and GR was
performed without usage of the intraluminal shunt.

Among 1045 procedures performed in 956 patients there were 987 (94, 45%) treated with
eversion EA and 58 (5, 55%) with GR. After excluding patients treated with conventional
and eversion EA, we retrospectively analyzed preoperative, intraoperative and
postoperative data of the patients treated with GR in order to investigate results of this
alternative procedure and to try to define optimal indications for its” usage. After analyzing
initial results deeper investigation was performed by dividing group of patients treated
with GR in two groups according to the indication and decision to perform GR:

Group A, when decision to perform GR was made according to the ultrasonography exam
and intraoperative findings before any attempted EA;

Group B when GR was made after failed EA as a bailout procedure.

In the preoperative data we analyzed age, sex, co-morbid conditions and preoperative
ultrasound descriptions. All patients were preoperatively examined by ultrasonography
means, describing quality and length of the plaque. All exams were made by experienced
ultrasonographer. The quality of plaque was described as lipid, fibrous or calcified with or
without present ulceration. The length of the plaque was defined as the longitudinal extent
of the plaque narrowing arterial lumen for 30% and more. Plaques longer than 4cm were
named as long.

15
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After removing atherosclerotic plaque from internal carotid artery (ICA) and common
carotid artery (CCA) its’ quality (morphology) and length were assessed too. From
intraoperative data we used the intraoperative length of atherosclerotic disease, reasons to
perform GR (before any attempt to perform eversion or after attempted eversion), cross
clamping time and restoration of external carotid artery flow.

Postoperative data were related to the neurological outcome and mortality rate as well as
early surgical (hemorrhage, cranial nerve lesions, and wound infection) and cardiac
complications. All patients were followed for one month and yearly thereafter with clinical
and ultrasound examination.

4, Results

Among treated patients significant number was symptomatic - 30 (51, 72 %) patients with
previous transitory ischemic attack (12 — 40%), ocular symptoms (2 — 6, 66%) or stroke (16 —
53, 33%). Demographic characteristics of the patients and symptoms distribution were
presented in the Table 1. There was no significant difference in terms of co-morbid
conditions between the groups.

Characteristic/ Group Graft replacement Subgroup A/B
N (%) N (%)
Number of patients 58 (100) 40 (68.96) / 18(31.04)
Age 65.55 66.8 / 64.3
Male 50 (86.2) 34 (85) / 16 (88.88)
Arterial Hypertension 48 (82.75) 35 (87.5) /13 (72.22)
Smoking 40 (68.96) 28 (70) / 12 (66.66)
Obesity 10 (27.24) 7 (17.5) / 3 (16.66)
Diabetes 32 (55.17) 23 (57.5) / 9 (50)
Angina pectoris 24 (41.3) 18 (45) / 6 (33.33)
Myocardial infarction 15 (25.86) 11 (27.5) / 4 (22.22)
Aortic disease 5 (8.62) 4 (10) /1 (5.55)
Peripheral disease 9 (15.51) 6 (15) / 3 (16.66)
Previous CABG 8 (13.79) 5(12.5) / 3 (16.66)
Previous aortic procedures 2 (3.44) 2(5)/0
Previous peripheral procedures 0 0
Symptoms
Asymptomatic 28 (48.27)
Symptomatic 30 (51.73)
Transitory ischemic attack 12 ( 40)
Ocular symptoms 2 (6.66)
Stroke 16 (53.33)

Table 1. Demographic characteristic of the patients and preoperative symptoms

There was no significant difference between ultrasonography and intraoperative findings in
the group A. There was significant difference between ultrasonography and intraoperative
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findings of the plaque length on the CCA and ICA among patients of group B. There was
significant number of patients with plaque length of 4cm and more in the CCA, described in
the ultrasonography exam and found intraoperatively. Tables 2 and 3

Plaque morphology Ultrasonography Intraoperative p
findings
Group A Group A
(40 patients) (40 patients)

Fibrous plaque/ 7 (17.5%) / 5(12.5%)/ P>0.05
with ulceration tructio5 (12.5%) 0
Lipid plaque/ 5 (12.5%) / 9(22.5%) / P>0.05
with ulceration 1(2.5 %) 1(2.5 %)
Calcified plaque/ 6 (15%) / 11 (27.5%) / P <0.05
with ulceration 19 (48%) 14 (34.5%)
CCA plaque length> 4cm 19 (48%) 22 (55%) P>0.05
ICA plaque length> 4cm 12 (29.5%) 19 (48%) P >0.05

Table 2. Comparison of ultrasonography and intraoperative findings in the patients of the group A

Plaque morphology Ultrasonography Intraoperative P
findings
Group B Group B
(18 patients) (18 patients)

Fibrous plaque/ 4 (22.2%) / 2 (11%) / P>0.05
with ulceration 1 (5.06) 0
Lipid plaque/ 2 (11%) / 2 (11%) / P>0.05
with ulceration 0 1 (5.06%)
Calcified plaque/ 3 (16.6 %) / 6 (33.33 %) / P >0.05
with ulceration 8 (44.44%) 7 (38.88%)
CCA plaque length> 4cm 6 (33.3%) 10 (55.55%) P>0.05
ICA plaque length> 4cm 0 3 (16.66%) P<0.05

Table 3. Comparison of ultrasonography and intraoperative findings in the patients of the group B

Intraoperative data were presented in the table 4. Among 58 patients, 22 (37.93%) were
operated in conditions of general anesthesia and 26 (62.07%) under cervical plexus block.
Mean cross clamping time was measured and presented in Figure 2. There was significantly
longer cross clamping time when GR was made after attempted EA. ECA flow restoration
was made in 9 (15.6%) patients with intraoperative decision of the operating surgeon
according to the quality of ECA, its” position related to the implanted graft and elapsed time
of the procedure. Reimplantation of ECA did not influence on neurological complication
rate.

17
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Early postoperative recovery was uneventful in 36 patients (95%). Early death was reported
in 2 patients (5%), due to fatal stroke in the early postoperative time. More one patient had
transitory ischemic attack (2,5%) and one had minor stroke (2,5%). Total rate of neurological
complications is 7.5%. Comparison of the neurological complications between the groups
found higher rates when EA was unsuccessful and GR performed as a bail out procedure.
Permanent cranial nerve injuries were reported in 1 patient (2.5%). There was neither early
myocardial infarction nor death based on any other cause in this series.

Patients were followed by means of ultrasonography one month after the procedure and
yearly thereafter. Mean follow up time was 32 months. Two patients were lost from follow
up while 4 patients (10.52%) died during this period of time. Restenosis of less than 75% was
reported in 2 patients (5.26%), restenosis of 75-99% was found in 1 patient (2.78%)
successfully treated with carotid stenting (Figure 5). In one patient total occlusion of
reconstructed artery was revealed with no neurological symptoms.

Mean Carotid Cross Clamping Time

B Mean Carotid Cross Clamping Time

50 -

40 -

20 -

10 . .
Eversion EA Immidate GR+ECA Attempted EA+GR+
GR restore EA+GR ECArestore

Figure 4. Mean cross clamping time



Carotid Graft Replacement of the Stenotic Carotid Artery 19

5 2 E 2 2 5 2 8 v 2 E g
< £ & £ o R S8 = e = g
25 2 2 T3 £ g &S
: £k s S
£ £ >
5] o
L 41 PTFE31 9(22.5%) Restenosis 5(12.19%) 4,9 % PTFE90 % 50
S GSV 10 28 (68.29%) GSV 80%
& Aneurysm
@ 3 (7.31%)
g Glomus Tu
A/ 2 (4.87%)
g Kinking
§ 1(2.43%)
=z Dissection
1(2.43%)
g‘ 110  PTFE 45 (41%)  Restenosis 7 (6.4%) 0.9 % 95% 22
E 18 F16:4%)
= Kinking
g 29 (26.4%)
)
Lauder 50 GSV 22 (44%)  Kinking 14 - 4 % 83% 36/60
[39] (28%)
Veldeniz 51 Dacron 27 (53%) - - 1.9% 96% 36
[42]
I~ 212 GSV 161(76%)  Restenosis - 5% 96% 104
% 12 (5.6%)
g Aneurysm
< 9 (4.24%)
g Kinking
/Q 18 (8.49%)
Cormier 62 PTFE 54 (87%) - - 5% 97% 23
[38]
26 PTFE Technical  Restenosis - 0% 96% 36
problem 9 (34.61%)
Sise M]J 9(34.61%) Aneurysm
[40] Carotid 6 (23.07%)
thrombosis
2 (7.69%)
. . 51 GSV  Prospective comparative 0% 2% 52
Fabiani . . .
trial compared CEA with Restenosis
[45] . e
GSV interposition

Table 4. Published results since 1979



20 Vascular Surgery — Principles and Practice

Figure 5. Restenosis at the proximal anastomosis (A) resolved with carotid stenting (B)
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5. Discussion

There is no doubt that, over all, endarterectomy is the optimal technique for surgical
repair of carotid stenosis. This is the only location where EA is the preferable method
nowadays. Choice of EA (conventional or eversion) might cause some discussion between
vascular surgeons however the last meta-analysis gave slight advantage to eversion, which
was also shown by randomized trial in our institution [27, 28]. Previous Meta analysis
showed no difference between the two techniques [27]. The former includes a standard
longitudinal carotid arteriotomy with or without patch angioplasty, whereas the second
encompasses an oblique transection and eversion of the internal carotid artery and its’
reimplantation into the common carotid artery [29, 30, 31]. Regarding the carotid artery
closure after conventional EA, carotid patch angioplasty is preferable to primary closure
[32].

Conventional EA requires usage of graft material that is extending procedure and expose
patient to the risk of infection [33]. Eversion EA on the other side does not provide
sufficient insight in to the complete endarterectomized surface in the zone at the end of
the removed atherosclerotic plaque. Also preparing carotid bifurcation for eversion EA
requires its complete deliberation from surrounding tissue which might increase the risk
of distal embolizations. Elongated internal carotid artery makes patch suturing more
complex while shunt placement in these situations is raising the difficulties. Redundant
ICA might simplify eversion EA on the other side. Both of these techniques are related to
some advantages and disadvantages including surgeons’ familiarity as a specific one.
Both of the techniques requires volume of patients in order to achieve good results what
might influence the diverse adoption between the teams. According to one multinational
registry there is difference in the usage rate of these techniques — in eight European
countries EA was performed without patch (34%), with patch (40%) or with eversion
(26%). Finally, guidelines of the most important and leading societies are leaving the
choice between the two techniques to the operating surgeon [32, 34]. Does it mean that
any procedure that removes atherosclerotic plaque from carotid bifurcation and restores
flow in a short and long term would be effective in stroke prevention? The similar theory
said M.E. DeBakey sixty years ago before his first carotid procedure. DeBakey reasoned
that, since endarterectomy and graft replacement in other arteries could be performed, the
carotid artery should not be an exception [35].

Carotid stenosis is most frequently localized at the carotid bifurcation leaving proximal
and distal segments free from disease providing suitable conditions for endarterectomy.
Extension of the atherosclerotic process towards proximally or distally might make
endarterectomy cumbersome and risky, while multiple severe atherosclerotic changes at
different levels of supra-aortic branches require anatomical or extra-anatomical bypass
procedure. Group of patients analyzed in this chapter belongs somewhere between these
two patterns of carotid disease — not enough extensive for anatomical bypass through
sternotomy while substantially extensive and challenging for eversion EA.
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From technical point of view atherosclerotic process that extends proximally and/or
distally aggravates endarterectomy jeopardizing the procedure. Initial problem is carotid
clamping. It is necessary to extensively dissect internal and common carotid artery in order
to provide safe clamping. Clamping at inadequate location of diseased artery might cause
plaque rupture with consequent prone to thrombosis causing perioperative
embolizations. Also, clamping at inadequate location could cause incomplete EA causing
thrombosis especially at the internal carotid artery location. Preventing incomplete EA in
this situation requires additional dissection which is more challenging during clamped
and transected carotid artery, it prolongs cross clamping time and might stress
inexperienced surgeon provoking other mistakes. Reaching healthy zone is important
likewise for shunt users in order to prevent placing a shunt through atherosclerotique
plaque inducing distal embolizations. Once reaching the conform clamping zone we are
faced with technicaly demanding extensive EA. In case of eversion technique problems
are visualization of the end of the plaque zone, adequate flushing of the left surface and
removal of small residual intimal particles that are prone to mobilization causing distal
embolizations [36]. Extensive dissection of internal carotid artery and its deliberation from
surrounding tissue facilitate its eversion. On the contrary, common carotid artery is even
more difficult to evert through the whole circumference since the posterior wall is fixed
with the external carotid artery. Due to that flexibility of common carotid artery depends
on deliberation of external carotid artery from surrounding tissue too. In case of extensive
athersoclerosis of common carotid artery and average to minimal process on internal
carotid artery it is advisible to transect common carotid artery proximal from its’
bifurcation instead of transecting internal carotid artery. This technige provides easier EA
of common carotid artery in a longer segment [7]. Another technical possibility to deal
with extensive atherosclerotic disease in common carotid artery could be semi closed
endarterectomy by using Vollmars rings. Finally, for those who preffer conventional
technique the very process of EA is quite easier with adequate visualisation of the end of
the plaque zone, however, finally the Achille heel of this method is long patch
anastomosis that is technicaly demanding and more prone to neointimal hyperplasia or
false aneurysm. Anastomotic bleeding on the long patch is another technical difficutly
especialy when using intraluminal shunt. Upon removing the shunt, brain perfusion is
reduced until complete haemostasis is provided making declamping safe. Loosing time on
resolving anastomotic bleeding could cause ishemic brain injury. Overcoming all these
technical difficulties does not guarantee sucess since long endarterectomy is leaving long
thrombogenic surface prone to in situ thrombosis or distal embolizations jeopardizing the
results of the procedure regardless to excellent surgical technique.

All these difficulties were encountered in peripheral vascular surgery inducing usage of
different conduits in the reconstructive bypass procedures; similar was done in carotid
surgery although less frequently. Bypass in this location could have a good long term
potential since it is connecting two healthy arteries with high blood flow and loaded
recipient vascular bed, like cerebral, which is inducing low resistance. Still low number of
publications is describing this technique in the last 30 years with usage of different conduits.
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Consequently in the two most respected guidelines for treatment of carotid stenosis this
option is not mentioned. However a short review of the published data related to this
technique is given below with some technical remarks from the authors of this chapter.

In 1979 M.E.Debakey published his experience in usage of synthetic graft for repair of
carotid artery injury [37]. In the same year Cormier and all started to use this type of
reconstruction reporting their experience eight years later [38]. Among 62 treated patients
54 (87%) were treated due to extensive atherosclerotic disease, with 5% stroke rate and
97% patency in the 23 months long term follow up. Later, different types of reconstruction
were reported using various conduits. Camiade and all used PTFE graft suture with side
to end proximally and end to side anastomosis distaly [39]. This technique minimizes
dissection of carotid bifurcation and preserves patency of external carotid artery. Authors
performed this procedure in 110 patients, indicated it in case of extensive atherosclerotic
disease in 45 (41%), while using it also for reconstruction in case od restenosis (16.4%) or
kinking (26.4%). There were some other authors reporting usage PTFE graft with similar
patency of 95-97% in the long term [40, 41]. The only author that used Dacron graft was
Valdeniz with results comparable to those published with PTFE [42]. Autologous
saphenous vein was also reported by various authors, some of them complaining on high
restenosis rate. French authors are reporting good early and long term results [43, 44, 45].
In 212 patients treated due to extensive atherosclerotic disease (76%), restenosis (5.6%),
kinking (8.49%) and aneurysm (4.24%) they reported 5% stroke rate and 96% patency after
average 104 months of follow up. On the other side according to the Leicester group
saphenous vein is prone to early restenosis in this position even though they performed
different anastomotic techniques [46]. According to the diameter of the vein graft and
common carotid artery they located anastomosis at the lateral wall of common carotid
artery, at the origin of internal carotid artery or at the origin of external carotid artery
after its” exclusion. After average follow up of 60 months patency rate was 83% with
significant incidence of restenosis. According to opinion of the authors of this chapter
vein graft could be perfect for this procedure, however one might expect misfit of the
calibers. Additionally harvesting this graft could be time consuming if so if the graft
replacement is performed as a bailout procedure it might prolong cross clamping time
and procedure. It is not convenient for carotid procedures performed in cervical plexus
block and finally saphenous vein is important conduit for coronary revascularization and
should be preserved for that occasion as well. This conduit could be unavailable in
patients with varicose syndrome and previous coronary revascularization. Latest
publication is from W. Moore reporting 17 years of experience using both synthetic and
saphenous vein grafts with satisfying results [47]. 31 PTFE and 10 saphenous grafts were
followed for 50 months with patency of 90% and 80%, respectively. Carotid graft
replacement is already proved procedure in some other pathology like carotid artery
aneurysm and restenosis [48, 49].

Summarized published data show 613 carotid procedures where bifurcation was
reconstructed with GR. In all these publications the most frequent indication for graft usage
was extensive atherosclerotic disease with involvement of common or distal internal carotid
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artery — 328 procedures (53.5%). Other indications were carotid recurrent stenosis, technical
failure of attempted EA, stenosis after radiation therapy, carotid aneurysm and carotid
stenosis associated with kinking. Among 613 carotid stenosis treated with GR, 290 (47,3%)
procedures were performed with PTFE graft, 272 (44,37%) with saphenous graft and 51
(8,31%) with Dacron. Extensive and detailed information regarding published data are
shown in the Table 4.

6. Conclusion

When it comes to carotid stenosis, EA is the method of choice in majority of patients. Small
subgroup of patients had extensive carotid atherosclerotic disease that involves common or
internal carotid artery in a segment longer than 4cm. In these situations modification of
surgical procedure is necessary since EA might be jeopardized. Optimal scenario would be
to assess extension of atherosclerotic process preoperatively through ultrasonography or
MSCT angiography or intraoperatively during dissection of carotid arteries. In case of
extensive atherosclerotic process, decision to perform carotid graft replacement without any
attempt of EA could simplify procedure, shorten cross clamping time and avoid technical
and thromboembolic complications. Conduit choice is the matter of operating surgeon.
Upon clamping and resecting diseased segment, suturing distal anastomosis first is
recommendable in order to provide easier manipulation and better visualization of
anastomotic line. Next step is suturing the proximal anastomosis then flushing and finally
carotid declamping. Reimplantation of external carotid artery is not mandatory and the
decision should be made as the preference of the surgeon. Efforts to perform EA even in
case of extensive disease could be effective especially in experienced hands, however in case
of any doubts in wall quality or end of the plaque zone, graft replacement should be
performed before flow restoration in order to prevent fatal complications that this procedure
carries.

There is not enough evidence to provide any accurate criteria for usage of carotid graft
replacement instead of endarterectomy. This chapter showed results, experience and
technical details of a single high volume center and presented not so reach published
material. Decision to perform graft replacement should be made individually according to
anatomy and morphology of carotid disease. Wide surgical experience affords expertise and
improves individual decision making.
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