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Introduction

Carotid endarterectomy (CEA) remains a  pre-
ferred medical procedure and, as a  consequence, 
it is possible that progress can be made via minor 
invasive carotid surgery in order to reduce the re-
sulting scar which is invariably visible. The results of 
the first minimally invasive CEA were initially pub-
lished in 2005 [1]. The idea of skin-crease camou-
flage (transversal incision) has been known for more 
than 20 years and remains popular in some centres. 

Furthermore, although the safety of this minimal-
ly invasive technique is widely acknowledged, the 
transverse skin-crease incision still remains a  less 
popular choice [2, 3]. This is despite the fact that 
comparisons concerning the cosmetic effects be-
tween minimally invasive methods and the conven-
tional longitudinal approach are readily available 
[2–5]. However, in the past decade transversal, skin-
crease camouflaged solutions have been somewhat 
overlooked as this method is seen as more difficult 
[5]. This might be due to the fact that no randomized 
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A b s t r a c t

Introduction: Despite the increasing use of carotid angioplasty and stenting (CAS), carotid endarterectomy (CEA) 
nonetheless remains a more medically beneficial method of treatment for carotid artery stenosis. Therefore, one pos-
sibility for progress within this procedure may be to use minimally invasive carotid surgery, especially when the scar 
is in plain sight: the use of the natural wrinkles (skin crease) as a camouflage of the skin incision provides significant 
cosmetic improvements.
Aim: To compare the cosmetic effects of classic and trans-wrinkle CEA. To assess the distance between the carotid 
artery bifurcation (CAB) and the skin-crease incision whilst attempting CEA.
Material and methods: It was a randomized prospective study with two groups: patients undergoing classic surgery 
(control group; n = 100) and skin-crease trans-wrinkle camouflaged CEA (study group; n = 100). Follow-up was at  
2 months and 1 year.
Results: The medical results of the treatment were similar in both groups. The cumulative count of strokes and 
myocardial infarctions was 0.5% within 30 days, and after one year 3.5% (and 5.5% including cases of death). The 
superiority of the transverse crease being hidden compared to the conventional longitudinal technique was proven 
in the Patient and Observer Scar Assessment Scale (POSAS) score, respectively 11.4 ±1.0 vs. 14.1 ±3.4 (p = 0.0001) 
after 2 months and 13.5 ±2.8 vs. 14.1 ±3.4 (p = 0.039) after a year.
Conclusions: Trans-wrinkle incision gives better cosmetic results, can be safely performed in most cases, and offers 
a comfortable approach during CEA.
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control trials have been conducted to investigate its 
use. Moreover, using skin wrinkles as markers of 
carotid artery bifurcation and as a  replacement for 
ultrasound mapping, as well as the camouflage of 
the skin incision, provides an interesting alternative 
in CEA [2, 5]. As a result, we conducted a small ran-
domized prospective trial to compare the cosmetic 
results of conventional longitudinal and transversal 
(skin-crease, trans-wrinkle) attempts in CEA.

Aim

A  comparison of the cosmetic effects between 
conventional and skin-crease camouflaged CEA dur-
ing 1-year follow-up. To assess the range of distance 
between carotid artery bifurcation (CAB) and the 
skin-crease incision whilst attempting CEA.

Material and methods

Consecutive patients who qualified for CEA be-
tween 2013 and 2014 at the Department of Vas-
cular Surgery at the Pomeranian Medical Univer-
sity in Szczecin, Poland, were initially considered  
(262 cases). A written consent form signed by the 
patient, developed from a  simple preference ques-
tion (“Am I  concerned about the cosmetic effects 
of the operation? Yes or No), was taken prior to the  
randomization. Inclusion criteria were: internal ca-
rotid artery (ICA) stenosis > 50% for symptomatic 
cases, asymptomatic stenosis > 70% for male, and 
> 80% for female patients. Exclusion criteria: qual-
ification for carotid angioplasty and stenting (CAS) 
due to high cardiac risk, poor functional status with 
a score < 60 on the Karnofsky/Lansky performance 
scale, the need for pharmacological optimization 
before surgery and the withdrawal of written con-
sent [6–8]. The randomization was performed by al-
location during the process of minimization (using 
sealed opaque envelopes) [9, 10]. The prognostic 
variables considered in the randomized group were 
gender, patients concerned about cosmetic effects, 
as well as surgery preferences (for and against trans-
verse incision) to avoid preferential self selection. 
The surgeons were told the incision type that would 
be made on the day of surgery. However, in 7 cas-
es, patients were moved to the other group on the 
decision of a  surgeon. Nevertheless, 200 patients 
were successfully randomized to two groups (with 
no significant differences in prognostic variables al-
location). See flow Figure 1. The control group un-

derwent the classic surgical CEA method with a skin 
incision along the anterior border of the sternocleid-
omastoid muscle, also known as an oblique or lon-
gitudinal incision. The study group underwent skin-
crease trans-wrinkle camouflaged incision, known 
as a  transverse incision. All the patients received 
antiplatelet therapy (acetylsalicylic acid 75–100 mg) 
and a statin prior to, as well as after, surgery. 

A  cervical plexus blockade (deep and superfi-
cial) was performed by an anaesthetist in all cases, 
supported by local analgesia during surgery when 
necessary. In the study group, “access skin wrinkle” 
(ASW) was defined as a  skin crease approximately 
4 cm below the mandibular angle (with the patient’s 
head in a sniffing position) and marked before anal-
gesia (Photos 1 A, B). In the cases of absence of any 
visible wrinkle, a  choice was made while bending 
the neck to reveal Langer’s lines [11]. In the control 
group the typical incision running along the anterior 
border of the sternocleidomastoid muscle was used. 
Heparin was given intravenously (range: 30–50 mg) 
before clamping. Neuromonitoring was achieved 
by checking patient speech. The shunt technique 
(14%) was used if the level of consciousness was 
depressed during the 2-minute clamping test of the 
carotid artery [12, 13]. The surgical method of re-
moving plaque depended on the preferences of the 
surgical team. In the study group, the distance be-
tween carotid artery bifurcation and the mandibular 
angle was measured before closing, using a thread 
extended from the mandibular angle down to the 
CAB (an appropriate thread length was then cut and 
measured after surgery with a  ruler) and recorded 
in the files of each patient (Photo 1 C, D). Distance 
measurement was carried out on the most comfort-
able neck position (for the surgeon) and was chosen 
during surgery (Photo 1 A). 

All patients received routine post-operative deep 
vein thrombosis prevention (the dose of low-molec-
ular-weight heparin was dependent on body weight). 
Patients were discharged the second day after sur-
gery on 75–100  mg acetylsalicylic acid. Complica-
tions, e.g. local neurological (neural palsy), stroke/
transient ischemic attack (TIA), acute coronary syn-
drome (ACS) and death, were logged and counted 
up to 30 days and 12 months after surgery. The  
POSAS scale was used to assess the cosmetic effect 
at the 2nd and the 12th month after surgery by an 
independent medical professional (a surgical nurse) 
in an outpatient clinic. The POSAS scale consists of 
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two numeric scales: a Patient Scar Assessment Scale 
(carried out by the patient), and the Observer Scar 
Assessment Scale (filled out by an observer). The Pa-
tient scale contains six items (scar colour, pliability, 
thickness, relief, itching and pain), and the observer 
scale contains five items (scar vascularization, pig-
mentation, pliability, thickness and relief). All items 
within the two scales were scored numerically. The 
patient scale summarizes the scores of each of the 
six items (range: 6 to 60), whilst the observer scale 
summarizes each of the five items (range: 5 to 50). 

The lowest scores, 6 and 5, respectively, reflect nor-
mal skin [14] (Appendix 1). A photographic example 
2 months after surgery is shown in Photo 2.

The study was conducted in accordance with the 
Guidelines for Good Clinical Practice and the Helsin-
ki Declaration, and was approved by the Ethics Com-
mittee (14/KB/V/2013, OIL, Szczecin) and registered 
at the Pomeranian Medical University (Szczecin, 
Poland) as “Patient Comfort and early Results after 
Carotid Endarterectomy by Transversal versus Clas-
sic Surgical procedures” (CORRECTA Trial; WL-103-

200 patients

Randomisation Allocation during minimisation

Randomisation  
prognostic  
variable

Crossover

 7

Meeting exclusion criteria:
44 patients

100 patients 100 patients

Transverse (skin crease) 
incision

Oblique (along SCM)  
incision

Need of  
pharmacological 
optimalisation: 

11 patients

Poor general 
performance. 

Karnovsky scale  
< 60 pts: 

16 patients

Qualification to 
CAS: 

17 patients

Male (64 cases)
Female (43 cases)

Male (58 cases)
Female (35 cases)

Gender 
p = 0.432

Concern (34 cases)
Not concern (73 cases)

Concern (27 cases)
Not concern (36 cases)

Patients concern 
about cosmetic 

effect 
p = 0.453

Pro transverse (51 cases)
Contra transverse (56 cases)

Pro transverse (42 cases)
Contra transverse (51 cases)

Surgeons  
preferences 
p = 0.545

Withdrawn of the consent:
18 patients

Meeting inclusion criteria:
262 patients

Figure 1. Flow of patients in groups
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01/S/12). The trial was designed in accordance with 
the CONSORT statement [15].

Statistical analysis

Commercial statistics software was used (Statis-
tica; StatSoft, Inc. USA). Distribution was checked 
with the Shapiro-Wilk test. A comparison of quan-
titative variables was performed with t tests 
(Mann-Whitney U test, if not normally distributed). 
Qualitative variable comparisons were performed 
using Fisher’s exact test. Differences were defined 
as significant if p < 0.05.

Results
Patients

The demographics and baseline characteristics 
of the study population are given in Table I.

Photo 1. Patient position and measurements. A – Patient position during surgery and distance measure-
ment, B – Measurement of the distance between carotid artery bifurcation and the mandibular angle.  
C – Measurement of thread length after surgery. D – Thread extended from the mandibular angle down to 
the CAB

A

C

B

D

Photo 2. Example of a scar 2 months after sur-
gery
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Skin wrinkle position

Skin wrinkle distributions are shown in Table II. The 
mean distance between the access skin wrinkle and 
mandible ankle was 4.46 ±1.02 cm (range: 3–6 cm).  
The mean distance between the carotid artery bifur-
cation and the mandible angle was 4.14 ±1.07 cm 
(range: 2–7 cm). The mean number of visible skin 
wrinkles was 2.07 ±0.88 (range: 0–4). In 5 cases 
there were no visible skin wrinkles in the neutral 
neck position. However, after the patients bent their 
necks, they all showed a very clear location for fu-
ture wrinkles (Langer’s line).

Satisfaction and cosmetic effect

Although the patients operated on expressed 
concern about the risk of stroke, 30% of them none-
theless stated that cosmetic effects were of impor-
tance. The POSAS score at the 2nd and 12th month 
after surgery is presented in Table III.

The superiority of the trans-wrinkle technique 
versus a conventional vertical technique was evident 
in the POSAS score. Moreover, 90% of the patients in 
the study group found their scar to be invisible after 

Table I. Patient characteristics and operative details

Epidemiologic details Study group
(n = 100)

Control group
(n = 100)

P-value

Number = %

Concern or not about cosmetics* 30/70 31/69 0.514

Gender*, male/female 61/39 61/39 0.546

Surgeon preferences*, for/against 53/47 47/53 0.357

Shunt/no shunt 11/89 17/83 0.195

CEA type:

Primary suture 96 86 0.332

Patch plasty 2 14 0.003

By eversion 2 0 0.254

Side operated: left/right 39/61 59/41 0.062

Symptomatic/not symptomatic 69/31 76/24 0.369

Mean ± SD

Age [years] 70.2 ±9.3 68.7 ±8.4 0.203

BMI [kg/m2] 27. ±3.6 25.7 ±3.8 0.112

BMI – body mass index, *variable used in randomisation.

Table II. Distance from mandibular angle to ac-
cess skin wrinkle and carotid artery bifurcation

Access skin wrinkle

 C
ar

ot
id

 a
rt

er
y 

bi
fu

rc
at

io
n

3 cm 4 cm 5 cm 6 cm Sum

2 cm 0 1 0 1 2

3 cm 16 5 3 2 26

4 cm 2 28 7 1 38

5 cm 1 1 12 5 19

6 cm 0 2 0 12 14

7 cm 0 0 1 0 1

Sum 19 37 23 21 100

Range of distance between access skin crease and location of CAB is: 0–1 cm 
in 68 cases (green), 1–2 cm in 27 cases (yellow) and > 2 cm in 5 cases (red) 
(100 cases – study group).

Table III. Patient and Observer Scar Assessment 
Scale (POSAS) in relation to skin incision and 
time of follow-up

POSAS Score Mean ± SD P-value

2 months Study  
(n = 100)

Control  
(n = 100)

Observer (out of 50) 5.3 ±0.7 6.7 ±1.9 0.0001

Patient (out of 60) 6.3 ±0.5 7.6 ±1.6 0.0001

Total (out of 110) 11.4 ±1.0 14.1 ±3.4 0.0001

12 months Study  
(n = 98)

Control  
(n = 98)

Observer (out of 50) 6.3 ±1.5 6.8 ±2 0.023

Patient (out of 60) 7.3 ±1.4 7.8 ±1.8 0.019

Total (out of 110) 13.5 ±2.8 14.5 ±3.7 0.039
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Table IV. Medical results

Parameter Study 
group

(n = 100)

Control 
group

(n = 100)

P-value 

Results up to 1 month:

Stroke 0 1 0.502

Myocardial 
Infarction 

0 0 0.539

Peripheral nerve 
palsy

22 11 0.055

Death 0 0 0.539

Follow-up after 12 months:

Stroke  
(cumulative count)

1 5 0.115

Myocardial 
infarction 

0 1 0.503

Death  
(cumulative count) 

2 2 0.689

Persistent 
peripheral nerve 
palsy 

6 0 0.017

12 months (whereas in the control group, 25% made 
a similar statement).

Medical results

Results of the treatment were similar for both 
groups. The cumulative count of strokes and myocar-
dial infarctions was 0.5% within 30 days, and 3.5% 
after 1 year (with 5.5% fatalities). Four patients died 
in follow-up (reason unknown) (Table IV).

 
Discussion

Cosmetic effect

Although the cosmetic effect is less important 
than the clinical result (stroke protection), there is 
still nonetheless room for less invasive carotid sur-
gery. The need for minor invasive surgery is based on 
the fact that the scar is visible on the neck after CEA. 
However, carotid artery stenting (CAS) leaves no scar 
on the neck and is used for both atherosclerotic ste-
nosis and trauma dissection of internal carotid ste-
nosis [16]. There is still a  place for CEA, especially 
within the mini-invasive approach, due to the yet un-
proven superiority of CAS over CEA. This means that 
the shorter the scar, the better it is, and the easier 
it is to hide it under folds of skin or skin wrinkles. 
This is a well-established method used at a variety 
of sites on a  regular basis. However, worldwide, 
such a technique is undoubtedly less popular even 
with the available results of comparisons between 
oblique and transversal incisions [1–5, 17]. Further-
more, minimally invasive CEA has been suggested to 
be technically more difficult [5, 18]. This is indeed 
the case if the surgeon operates through a 1–2 cm 
incision. For safety reasons the wound should be 
long enough to comfortably expose the carotid ar-
tery bifurcation. A transverse incision allows for easy 
access to the very highly located ICA bifurcation. 
Conversely, a lower location of ICA bifurcation might 
be more difficult in the case of just such an incision. 
Therefore, leading a  reasonably long incision along 
the skin wrinkle appears to be the optimal choice in 
a  transverse attempt. This method allows the skin 
creases to extend the incision (laterally) when neces-
sary, without significant limitation, and the scar can 
be still hidden in the skin crease. Unfortunately, due 
to the fact that the comfort of the surgeon during 
surgery is of utmost importance, and to ensure pa-
tient safety, most vascular surgeons are not partic-

ularly interested in cosmetic considerations. This 
limits not only all currently available comparisons 
between the two methods, but additionally those of 
patient preference, which have not been mentioned. 
Nevertheless, our study is the first randomized pro-
spective study to compare a classic longitudinal in-
cision and a transverse skin crease skin incision in 
CEA focused on cosmetic effects, as well as patient 
satisfaction. The choice of the POSAS scale probably 
allowed for more objective results and the reduction 
of subjective influences. POSAS is recommended by 
plastic surgeons and was successfully used in CEA 
scar assessment [14, 19, 20]. Our results are similar 
to the data already reported in the literature [17]. 

Location of the skin incision

Most surgeons (performing minimally invasive 
CEA) prefer to use ultrasound mapping of the bifur-
cation prior to the operation. This might be necessary 
if the intention is to use a very short skin incision  
[1, 2, 5]. The skin on the neck is very elastic, and 
therefore the risk of facing difficulties in case of 
a high CAB is quite low. However, it is worth noting 
which skin crease is the best choice in terms of CEA. 
Our results suggest that it is preferable for an incision 
to be located about 4 cm below the mandible angle 
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Clinical implications

Patient safety is of utmost importance; there-
fore surgeon preferences as regards technique 
when performing CEA is a  basic condition and 
should not have an impact on scar appearance. 
However, the satisfaction of the patient is signifi-
cantly higher if the scar is hidden in the skin crease, 
especially during the early postoperative period. 
Moreover, a  gentle surgical technique is needed 
to avoid local nerve injury whilst performing the 
trans-wrinkle approach. Uncomfortable anatomy 
could limit the use of the trans-wrinkle approach 
in cases when a stronger retraction is necessary to 
expose the CAB. Therefore ultrasound mapping of 
the carotid artery bifurcation might be useful prior 
to surgery.

Conclusions

Trans-wrinkle incision offers improved cosmetic 
results, can be safely performed in most cases, and 
can provide a comfortable approach during CEA. 
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Observer Scar Assessment Scale

 Normal skin 1 2 3 4 5 6 7 8 9 10 Worst scar imaginable

 Vascularization          

 Pigmentation           Hypo 

            Mix 

            Hyper 

 Thickness          

 Relief          

 Pliability          

            +
 Total score Observer Scar Scale:

Patient Scar Assessment Scale

 No, no complaints 1 2 3 4 5 6 7 8 9 10 Yes, worst imaginable

 Is the scar painful?          

 Is the scar itching?          

 No, as normal skin 1 2 3 4 5 6 7 8 9 10 Yes, very different

 Is the color of the scar different?          

 Is the scar more stiff.?          

 Is the thickness of the scar different?          

 Is the scar irregular?          

            +
 Total score Observer Scar Scale:

Appendix 1. POSAS Scale


