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A Novel Antegrade Approach for
Simultaneous Carotid Endarterectomy and
Angioplasty of Proximal Lesions in Patients
with Tandem Stenosis of Supraaortic Arch
Vessels
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Background: To date, all published studies analyzing simultaneous treatment of carotid and
proximal atherosclerotic lesions are describing retrograde approach and several technical vari-
ations. In the presented study, for the first time, antegrade approach is described for simulta-
neous carotid endarterectomy (CEA) and associated brachiocephalic trunk (BCT) or common
carotid artery (CCA) angioplasty in the hybrid operating room.

Methods: From January 2012 till January 2016, antegrade hybrid procedures were performed
in 18 patients. All patients were admitted to our institute for elective supraaortic arch multidetec-
tor computed tomography angiography when significant simultaneous proximal and distal supra-
aortic arch lesions were revealed. After surgical exposure of carotid arteries, proximal lesions
were crossed by antegrade approach. Prior to stent placement, internal carotid artery (ICA) is
clamped at its origin with the guidewire placed in the external carotid artery (ECA). After primary
stenting and control arteriography, CCA and ECA are clamped and the ICA clamp moved more
distally. An arteriotomy is performed in the CCA, with flushing of possible debris and thrombus
before performance of the eversion CEA, once again flushing before completion of the anasto-
mosis. Follow-up ranged from 6 to 36 months with average follow-up of 22.15 + 11.31 months.
Results: All procedures went uneventfully. Out of 18 patients, 11 were males and 7 females,
mean age 66.6 + 3.82 years. In 10 patients (55.5%), simultaneous CEA and CCA angioplasty
was performed, in 7 patients (38.9%) CEA and BCT angioplasty, and in 1 patient (5.5%) tubular
graft interposition between the CCA and the ICA and CCA angioplasty. In 6 patients (33.3%),
CCA/BCT balloon angioplasty alone was performed simultaneously with CEA. None of the pa-
tient had postoperative transient ischemic attack, stroke, hematoma, dissection, myocardial
infarction, or ischemia in the early postoperative period and during the follow-up. There were
no lethal outcomes, neither in the early postoperative course nor during the follow-up.
Conclusions: Antegrade approach for simultaneous treatment of proximal CCA/BCT and distal
carotid lesions with temporary ICA clamping is safe and feasible procedure that should be
thought of in the future in addition to already described retrograde approach.
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Fig. 1. Simultaneous proximal BCT/CCA and distal ICA lesions.

INTRODUCTION

The first hybrid approach for the treatment of simul-
taneous carotid bifurcation stenosis and proximal
supraaortic arch vessel lesion was described by Die-
trich et al." in 1996. This technique included expo-
sure of carotid arteries, retrograde stenting of
proximal lesions followed by carotid endarterec-
tomy (CEA). In patients with tandem stenosis of
brachiocephalic trunk (BCT) or common carotid ar-
tery (CCA) and carotid bifurcation, there are always
technical doubts if these lesions should be treated
separately or simultaneously. Simultaneous prox-
imal and distal lesions could be seen in less than
5% of all cases of supraaortic arch atherosclerosis,
and there is general agreement that these lesions
should be treated simultaneously since it is hard to
tell which lesion is symptomatic.”’

With the improvement of endovascular techniques
in the last 2 decades and increasing number of hybrid
operating rooms, numerous studies have reported the
outcome of hybrid approach, although including small
series.” "> All of these studies are describing retrograde
approach and several technical variations, retrograde
angioplasty and stenting first followed by extensive
flushing, and then performance of the CEA or CEA
first, followed by retrograde proximal angioplasty
and stenting. In this study, we are presenting ante-
grade approach for the treatment of simultaneous ca-
rotid and CCA/BCT lesions in hybrid operating room
that was not described previously.

METHODOLOGY

From January 2012 till January 2016, antegrade
hybrid procedures were performed in 18 patients.

All the data were prospectively collected as part of
our institution database. Patients were admitted to
our institute for elective supraaortic arch multide-
tector computed tomography (CT) angiography
(MDCT) according to color duplex scan findings per-
formed earlier. After MDCT was performed, simul-
taneous proximal and distal supraaortic arch
lesions were discovered (Figs. 1 and 2). Patients
were presented to the consilium consisted of
vascular surgeons and interventional radiologist,
and hybrid procedures were indicated. The protocol
of study and informed consent were approved by
the Institutional Review Board, and all subjects
gave informed consent.

Technical Details

Simultaneous procedures were performed in the
hybrid operating room. All procedures were per-
formed in the terms of general endotracheal anes-
thesia. First, internal carotid artery (ICA), external
carotid artery (ECA), and CCA were surgically
exposed and dissected. The patient is administrated
100 units/kg i.v. of unfractionated heparin, a trans-
femoral sheath 6F or 7F is introduced into the prox-
imal vessels, and the lesion is crossed. To cross the
lesion, a hydrophilic Advantage (Terumo®, New
Jersey, United States) or Storck® (Cordis, California,
United States) 0.035-mm guidewires were used.
Prior to stent placement, the ICA is clamped
above its origin, after distal ending of the plaque
(Fig. 3) with guidewire placed in the ECA. Pri-
mary stenting is then performed without predila-
tion, followed by angioplasty, and confirmed by
control arteriography. In all cases, balloon
expandable stents were used. The CCA and ECA
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Fig. 3. Antegrade approach for simultaneous BCT/CCA
angioplasty and CEA. (A) crossing the proximal lesion
with the guidewire in the ECA; (B) ICA clamping just
before stent placement; (C) expansion of the stent and
control angiography; (D) moving ICA clamp more

are then clamped, and the ICA clamp is moved
more distally. An arteriotomy is performed in
the CCA, with flushing of possible debris and
thrombus before performance of the eversion

Hybrid procedure for supraaortic arch vessels tandem stenosis 3

distally with ECA and CCA clamping; (E) arteriotomy
and flushing of the debris: (F) continuing with the ever-
sion CEA; (G) the final result after CEA and proximal
stenting.

CEA, once again flushing before completion of
the anastomosis (Fig. 3). During the procedure,
near-infrared cerebral oximetry was used for cere-
bral blood flow monitoring.
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Table I. Demographic data and comorbidities

Number of

patients
Demographic data and comorbidities (%)
Hypertension 15 (83.3)
Hyperlipidemia 16 (88.9)
Diabetes mellitus 4 (22.2)
Smoking (previous and current) 16 (88.9)
Heredity 4 (22.2)
Previous vascular surgery 6 (33.3)
Peripheral occlusive arterial disease 7 (38.9)
Coronary artery disease 5 (27.8)
Obstructive lung disease 3 (16.7)
Previous stroke 2 (11.1)
Previous TIA 3 (16.7)
Previous myocardial infarction 5 (27.8)

After the completion of the procedure, neck
wound was sutured with the placement of aspira-
tional drainage. Patients were extubated in the oper-
ating room with immediate inspection of
neurological status. In the same afternoon, patients
were administrated low-molecular-weight heparin
(LMWH) of 0.6 mL in 1 daily dose, and in the next
morning, LMWH was excluded and aspirin and clopi-
dogrel introduced instead. Control color duplex ul-
trasound was performed 3 months after the
procedure and then after 6 months, 1 year, and annu-
ally afterward. Follow-up ranged from 6 to 36 months
with average follow-up of 22.15 + 11.31 months.

RESULTS

Out of 18 patients, 11 were males and 7 females with
mean age of 66.6 + 3.82 years. Demographic data
and comorbidities are shown in Table I. Out of 18
patients, previous stroke was seen in 2 patients
(11.1%), transient ischemic attack (TIA) in 3 pa-
tients (11.1%), 3 patients (11.1%) had loss of con-
sciousness, 7 patients (38.8%) had vertigo and
walking instability, while 3 patients (11.1%) were
asymptomatic. Brain CT was performed in 5 patients
before the surgery: in 2 patients (11.1%) positive
and in 3 (16.7%) negative for ischemia. None of
the patients had associated intracranial aneurysms,
abdominal aorta aneurysm, or insufficiency of the
Willis circle. Associated stenosis of vertebral arteries
was seen in 6 patients (33.3%) and subclavian ar-
tery in 10 patients (55.5%). The degree and charac-
teristics of carotid, CCA, and BCT stenosis are
presented in Table II. When the quality of the pla-
ques was assessed (ICA and proximal lesions), 4 pa-
tients (22.2%) had vulnerable complicated plaques,
2 (11.1%) had soft lipid plaque, 9 patients (50%)
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Table II. Characteristics of internal, common
carotid and brachiocephalic trunk stenosis

Number of

Stenosis characteristics patients (%)

ICA stenosis 70—85%
ICA stenosis 85—99%
Average peak systolic velocity
Average end-diastolic velocity

7 (38.9)
11 (61.1)

432.31 + 134.36
160.56 + 23.10

Contralateral ICA occlusion 3 (16.7)

Contralateral ICA significant stenosis 3 (16.7)
(75—95%)

Associated significant CCA stenosis 11 (61.1)
(>70%)

Associated significant BCT stenosis 7 (38.9)
(>70%)

Associated CCA and BCT stenosis 3 (16.7)

had fibrocalcified plaques, and 3 patients (16.7%)
heterogeneous plaques. Operative details are shown
in Table III.

As seen in Table III, in 1 patient, graft interposi-
tion was performed between the CCA and the ICA
due to extensive lesions in the ICA and difficult
distal plaque control. Other than graft interposition
at the end of the procedure, surgical technique did
not differ in any part from previously described. In
6 patients (33.3%), percutaneous angioplasty alone
was performed simultaneously with CEA without
stenting. Types of the used stents are presented in
Table IV.

All patients had regular postoperative course, and
none of the patient had postoperative TIA, stroke,
hematoma, dissection, myocardial infarction, or
ischemia in the early postoperative period and dur-
ing the follow-up. Likewise, neurological mortality
or mortality of other cause was not verified neither
in the early postoperative course nor during the
follow-up.

DISCUSSION

In the past 2 decades, numerous studies were pub-
lished describing different techniques of hybrid pro-
cedures in the treatment of tandem atherosclerotic
lesions of supraaortic branches.” "> In all of these
studies, surgeons have used retrograde approach to
treat proximal lesions, and most of them have
included relatively small number of patients.

The first large retrospective study, describing
endovascular treatment of CCA or BCT combined
with CEA by Levien etal.,” hasincluded 44 symptom-
atic patients.” Simple balloon angioplasty was per-
formed by retrograde approach through arteriotomy
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Table III. Operative details and characteristic

Hybrid procedure for supraaortic arch vessels tandem stenosis 5

Table IV. Types of used stents

Number of

Operative details patients (%)

CEA + CCA percutaneous angioplasty 10 (55.5)
Graft interposition + CCA percutaneous 1 (5.5)
angioplasty

CEA + BCT percutaneous angioplasty 7 (38.9)
Additional ICA abbreviation 2 (11.1)
Average clamping time 11.7 £ 2.9 min
CEA + CCA/BCT percutaneous 6 (33.3)

angioplasty only

of the CCA followed by forward bleeding, before
commencing CEA. The angioplasty failed in 1 patient
due to extensive calcifications of the BCT. After a 3-
year follow-up, patency of the proximal treated le-
sions was 88%. The interesting fact was high mortal-
ity rate (46% after 5 years), mostly caused by
coronary artery disease with authors” comment that
high mortality rate was caused by more advanced
atherosclerosis in these patients.

Another retrospective study of 16 patients sub-
mitted to simultaneous CEA and retrograde endo-
vascular treatment of significant CCA or BCT
stenosis by Grego et al.” showed good results. After
carotid arteries” exposure and clamping of the CCA
distally to the sheath entry point, direct stenting of
proximal lesions was performed. Afterward, ICA
and ECA were clamped, and the arteriotomy was
performed, followed by extensive flushing. The end-
arterectomy was than completed with the subse-
quent shunt placement, and the final
reconstruction was done with PTFE patch closure.
In 2 patients, BCT lesions could not be crossed, so
these patients were converted to open surgery.
There were no strokes or deaths during the whole
follow-up period.

Recently, Sfyroeras et al.'® have published a
meta-analysis of combined CEA and proximal
balloon angioplasty for tandem stenosis of the arch
vessels and carotid bifurcation in 133 patients. All
analyzed papers have described retrograde approach
of proximal lesions through previously exposed sur-
gical site.'® In some papers, retrograde percutaneous
angioplasty was performed first, followed by exten-
sive flushing and than CEA, while in the others,
sheath for angioplasty was introduced just before
completing the suture line after the CEA followed
by completion of retrograde percutaneous proced-
ure and stenting. In all cases, carotid arteries were
clamped distally to the sheath entry site to prevent
embolization of the plaque’ debris. In the early post-
operative period, 2 strokes were reported (1 fatal),

Number of
patients
Stent type (%)
None 6 (33.3)
Express LD vascular® (Boston Scientific 5 (27.8)
Corporation, Natick, Massachusetts, USA)
Assurant Cobalt 8 x 20 mm® (Medtronic, 1 (5.6)
Minneapolis, Minnesota, USA)
Assurant Cobalt 9 x 30 mm® (Medtronic, 1 (5.6)
Minneapolis, Minnesota, USA)
Assurant 8 X 30 mm® (Medtronic, 2 (11.1)
Minneapolis, Minnesota, USA)
Omnilink Duo Elite 9 x 29 mm® (Abbot 3 (16.7)

vascular, California, USA)

both as a consequence of CCA occlusion, giving a
30-day mortality rate of 0.7% and 30-day stroke
rate of 1.5%. During the midterm follow-up
(12—36 months), high mortality rate was reported
(17 patients, 12.8% ) but with no precise information
about the cause of the death. In addition, patients
treated with direct stenting had a significantly lower
restenosis rate (3 out of 79, 3.7%), than the ones
treated with simple balloon angioplasty (7 out of
50, 14%). Clouse et al.” have recently analyzed 23
patients who underwent simultaneous proximal
endovascular interventions and carotid CEA and re-
ported quite high complication rate including dissec-
tion (13 %), stroke (9%), and death (4%).

To our knowledge, presented study is the first one
to describe antegrade approach for the simultaneous
treatment of proximal supraaortic arch and distal
ICA lesions. In general, antegrade approach for
CCA or BCT angioplasty is considered as a high-
risk procedure due to distal embolization. However,
by clamping the ICA just before stent deployment
followed by extensive flushing afterward, we
believe that embolization of the debris is completely
prevented. In addition, clamping time is minimally
prolonged only by the time needed for stent place-
ment and subsequent control angiography, which
takes no more than 1—2 min in most cases.

As for the procedure itself, there are several issues
that could be discussed. The first is position of the
clamp on the ICA just prior to proximal lesion stent-
ing. In our study, clamp was placed above ICA
origin, after distal ending of the plaque. After angio-
plasty of proximal lesion, clamp on the ICA is moved
more distally with tweezers holding ICA while mov-
ing the clamp. By more proximal clamping, but after
plaque finishing, we are safer to prevent distal
embolization, still primary clamping of the distal
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part of the ICA might also be good option with retro-
grade flow from the ICA flushing possible debris or
thrombus after finishing proximal angioplasty. Pri-
mary distal ICA clamping will be considered in
future. Another issue is risk of distal embolization
while crossing proximal lesions without ICA clamp
in place. Clamping of the ICA while crossing the
proximal lesion, angiography, stent placement,
and control angiography would significantly in-
crease clamping time, so we have decided to clamp
ICA just prior to stent placement with the minimal
risk of crossing proximal lesions as for any isolated
proximal angioplasty performed by interventional
radiologists. Furthermore, all proximal lesions in
presented study were 70—90% that were not that
tight with high risk of embolization.

Type 3 of aortic arch is known as one of the pre-
dictors for difficult carotid stenting and prolonged
fluoroscopy time,'” which was one of the reasons
for retrograde approach in mentioned studies
regarding hybrid procedures.'® In the presented
study, there were no type 3 aortic arches, all were
type 1 or type 2. In case of associated proximal and
distal lesions in the presence of aortic arch type 3,
we also recommend simultaneous procedure in a
retrograde fashion.

Transfemoral approach, as such, carries an addi-
tional risk of major access-site complications,
including inguinal hematoma and femoral artery
dissection.'®'” However, in the presents study, no
such complications were noted, and complication
rate reported in other studies (from 0.8% to 2.4%)
seems acceptable.'®"'?

The use of routine or selective shunting in carotid
surgery is still controversial.”” In the presented study,
shunt wasnot used and thisisanotherissue that could
be discussed. Routinely, we do not use shunt at our
institute with short average clamping time”' and
excellent overall and neurological outcome.?’ We
believe that surgeons should stick to their own policy
regarding shunt use that are giving good results since
recently published studies showed thatintraoperative
shunt use has no clinical benefit after analyzing 3,153
patients®* even in patients with contralateral carotid
occlusion.”” In the presented study, during the pro-
cedure, near-infrared cerebral oximetry was used
for cerebral blood flow monitoring and there was no
need for shunt in any patient.

CONCLUSION

Antegrade approach for simultaneous treatment of
proximal CCA/BCT and distal carotid lesions with
temporary ICA clamping is safe and feasible
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procedure. This approach should be thought of in
the future in addition to already described retro-
grade approach.
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