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Introduction
Carotid endarterectomy (CEA) is one of the most commonly 

performed procedures in vascular surgery [1]. The efficacy of CEA 
is well validated with a significant stroke risk reduction in patients 
with symptomatic internal carotid artery (ICA) stenosis [2,3]. 
Strong evidences showed that combined CEA and best medical 
therapy are superior when compared with medical therapy alone 
in the prevention of stroke recurrence [2-4]. However, there are 
potential risks and complications associated with CEA. Post-
operative ICA stenosis secondary to arterial kinking had been 
documented in patients who had a tortuous ICA [5,6]. This stenosis 
is thought to be hemodynamically significant if the Peak Systolic 
Velocity (PSV) > 120 cm/s and raises the concern of recurrent 
cerebrovascular events [7,8].

Posterior transverse plication (PTP) is one of the surgical 
manoeuvres used during CEA for a significantly tortuous ICA to  

 
prevent an arterial kinking stenosis after the carotid surgery [9]. It 
was firstly described by Ruckley et al. & Riles et al. [9-11] in 1993 
and 1995 respectively. Other known techniques include shortening 
of ICA, eversion CEA, or the application of biological glue (such as 
gelatin or fibrin) to fix and maintain the position of the tortuous ICA 
during CEA [12-17]. The risk of developing thrombosis at the site 
of PTP remains unknown, and little is known about the efficacy and 
effectiveness of the above techniques to prevent an arterial kinking 
stenosis during CEA in the presence of significantly tortuous ICA.

The aim of this study is to present our experience in performing 
PTP in patients with a tortuous ICA during CEA for their 
symptomatic carotid disease. 

Methods
We reviewed retrospectively over 12 years’ time, six consecutive 

patients with symptomatic carotid disease who underwent PTP 
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Abstract 
Background: Post-operative ICA stenosis secondary to an arterial kinking had been documented in patients who had a tortuous 

ICA. Posterior transverse plication (PTP) is one of the surgical manoeuvres used during CEA for a significantly tortuous ICA to 
prevent an arterial kinking stenosis after the carotid surgery.

Aim of the study: To highlight the role of PTP in the management of a tortuous ICA and preventing the stenosis from an ICA 
kinking during CEA. 

Methods: We reviewed retrospectively six consecutive patients with symptomatic carotid disease who underwent the PTP 
during CEA in the presence of a significantly tortuous ICA. 

Results: One female and 5 males with a median age of 67 years (range: 65 to 78) years underwent the surgery. None developed 
any neurological event and post-operative scan did not show any ICA thrombosis or stenosis from an ICA kinking after a median 
follow-up of 6 months (range: 5 to 17). 

Conclusion: We believe that PTA of ICA during CEA is an easy, simple procedure and safe surgical technique with potential 
benefits in the presence of a significantly tortuous ICA. 
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during CEA in the presence of a significantly tortuous ICA. They 
were managed in two vascular centres: 1) The Security Forces 
Hospital, Riyadh, Saudi Arabia, and 2) The Countess of Chester 
Hospital, Chester, UK. The cases were considered symptomatic if 
the patient had a documented stroke, transient ischaemia attack 
(TIA) or amaurosis fugax within the previous six months. Every 
patient underwent two diagnostic modalities (Carotid Duplex 
scan and Carotid CT Angiography) and was demonstrated to have 
a significant ICA disease (> 60% stenosis) as well as a significant 
tortuous ipsilateral ICA. The tortuosity was considered when there 
was an unusual redundant ICA which required excision at least a 
5mm segment to straighten the vessel after CEA.

PTP (Figures 1-4) was performed during CEA by transversely 
folding and suturing the redundant posterior wall externally with 
continuous 5/0 Proline. The selected length of the folded portion 
depended on the adequate segment needed to shorten the ICA and 
straighten the tortuous segment. Patients’ verbal consents were 
obtained for presentation and publication (Figures 1-4).

Figure 1: Tortuous ICA with significant stenosis.

Figure 2: ICA after endarterectomy with potential kink at the distal 
end of arteriotomy.

Figure 3: Folding transversely the posterior wall externally and 
continuously suturing the 2 edges internally.

Figure 4: Final outcome of PTP with shortening and straightening 
of the ICA.

Result
Five of the six patients were males. Patient age ranged from 65 

to 78 years (mean: 69; median: 67). Five patients had a past medical 
history of hypertension, 3 patients had coronary artery disease, one 
patient was diabetic, 3 patients had hyperlipidaemia, 2 patients had 
peripheral vascular disease and 4 patients were smokers (Table 1). 
One patient presented with an amaurosis fugax, 4 patients with TIAs, 
and one patient had a minor stroke with good recovery (Graph 1). 
Two patients had 60-69% ipsilateral ICA stenosis, 3 had 70%-89% 
ICA stenosis and one had > 90% ICA stenosis (Table 2). Two patients 
underwent CEA with a planned PTP based on the pre-operative 
scans demonstrating a significantly tortuous ICA. 4 patients had an 
unplanned PTP as part of an intraoperative decision in the presence 
of a significantly redundant internal carotid artery (Table 3).

Table 1: Patients risk factors.

Risk Factors Number of Patients

Male 5

Hypertension 5

Diabetes Mellitus 1

Smoking 4

Hyperlipidaemia 3

Ischemic Heart Disease 3

Peripheral Vascular Disease 2
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Table 2: Degree of ipsilateral internal carotid stenosis before surgery.

Degree of 
stenosis

Number of 
patients

Carotid Du-
plex Scan

Carotid CT Angiog-
raphy

60-69% 2 + +

70-89% 3 + +

> 90% 1 + +

Table 3: Planned and unplanned posterior transverse plication (PTP) 
during carotid surgery.

Planning for PTP Number of Patients

Pre-operative 2

Intra-operative 4

Graph 1: Clinical presentations before carotid surgery

Every patient underwent a standard CEA with a patch 
angioplasty under general anaesthesia. None developed an intra- 
or post-operative neurological complication. Every patient was 
reviewed in a follow up vascular clinic along with a carotid duplex 
scan in the clinic. The patients’ median follows up was 6 months 
with a range of 5 to 17 months. Every patient was alive and free from 
any recurrent cerebrovascular event. None developed ipsilateral 

ICA thrombosis or significant restenosis.

Discussion
Redundant and significantly tortuous ICA is associated with 

a potential risk of compromised cerebral perfusion during the 
carotid surgery for patients with a symptomatic ICA stenosis 
[18]. Tortuosity is defined as a kinking with a single or multiple 
angulation(s) in the presence of redundant vessel. ICA tortuosity 
may affect the cerebral haemodynamic blood flow significantly 
[19,20]. Studies found ICA tortuosity is present in up to 16% of 
the general population and 5% among patients undergoing carotid 
surgery [19]. Although the debate regarding to treat or not treat 
ICA kinking, the risks of affecting cerebral blood flow during and 
after CEA are well known to vascular surgeon. It is very interesting 
to experimentally report a 40% drop of blood flow with arterial 
angulation of 600 and more than 60% drop if the angle decreases 
to 30° [21]. Angulation of a transverse portion of the tortuous ICA 
at the cranial end of the carotid shunt may obstruct the cerebral 
perfusion through the shunt. The risk can be minimised by 
careful selection, placement as well as frequent intra-operative 
assessment of the adequacy of the carotid shunt including direct 
connection with arterial line or transcranial doppler monitoring. 
Carotid endarterectomy results in the thinning and weakening of 
the tortuous internal carotid arterial wall with the potential risk 
of arterial kinking and compromised cerebral perfusion [5,20]. 
Arterial kinking and stenosis with intra-operative stroke with or 
without ICA thrombosis had been documented in several studies 
[22-25].

Arterial kinking and stenosis can be addressed by an arterial 
shortening manoeuvre. The value of the arterial shortening had 
been documented by studies with a range of follow-up from 3 to 
145 months (Table 4) [10,15,19,26-29]. 

Table 4: Publications of posterior transverse plication of internal carotid artery (NA: Data was not described in the study).

Publications Number of Procedures ICA Mean Age Follow Up Months Mean (Range) Follow Up Months Median (Range)

Poorthuis et al. [19] 29 73 34.3 (3-145) NA

Falkensammer et al. [26] 3 75 10.7 (1-58) NA

Ascher et al. [27] 82 77 13.8 (NA) NA

Makhdoomi et al. [10] 84 69 NA 5 (1-44)

Archie [15] 147 NA NA NA

Sottiurai et al. [28] 49 64 67 (8-129) NA

Lauterjung et al. [29] 12 NA NA 6 (6-6)

Like our series, no peri-operative neurological events or 
carotid artery thrombosis were reported. We believe that with the 
lack of comparative randomised study, long-term follow-up for 
ICA restenosis rate will be of little value as it is hard to determine 
the cause of ICA restenosis (whether it is part of the disease 
progression or the aftermath of PTP). In a randomized controlled 
study, 144 cases in 134 patients underwent CEA without plication 
of ICA tortuosity, had follow up duplex scan at median of 2 months 
(range 1–55 months) and showed a stenosis of <50% in six (7%) 

and a stenosis of 50–75% in six (7%) and complete occlusion in 
one patient [10]. Such observation highlights the benefit of ICA PTP.

The rational of an arterial shortening is usually based on the 
surgeon assessment of severity of redundant or tortuous ICA 
during the carotid surgery to minimise the mentioned potential 
complications. Different shortening procedures had been described 
in the literature, namely the excision of the redundant ICA during 
an eversion CEA [16,17] or the excision of extra-length ICA [12]. 
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Other studies described different ways to maintain the shape and 
position of the redundant or tortuous ICA by, re-implantation at 
common carotid artery [20], looping around sternomastoid or 
digastric muscle with or without fixation in position using gelatin 
or fibrin [14,19,30].

 Eversion CEA is a technically demanding procedure which 
needs specific training with a steep learning curve. This manoeuvre 
also precludes the opportunity to maintain peri-operative cerebral 
perfusion via the carotid shunting. Excision of an ICA segment 
followed by the re-implantation to a common carotid artery 
requires two complete anastomoses with the potential risks of 
bleeding, twisting or thrombosis. Fixing the thin walled redundant 
or tortuous ICA around muscular neighboured structure needs 
more evidence regarding the efficacy and clinical outcome. We 
believe this series is retrospective and more prospective large 
number of cases will support our outcome.

Conclusion
We believe that technically PTP is less demanding and safer. In 

our series, we found the PTP is a simple and easy technique. The 
manoeuvre does not compromise the carotid shunting during CEA; 
and the redundant or tortuous thin walled ICA post CEA can be 
both shortened and straightened with no additional thrombogenic 
suture line. PTP is reversible and sutures can be taken away if the 
plication found be tight or still inadequate. Cases requiring PTP are 
uncommon and are far in between. A larger series of patients with 
longer follow-up in controlled trials is essential to determine the 
long-term efficacy of the PTP procedure.
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