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Abstract

Background: Supraclavicular flap is an excellent fasciocutaneous flap for head and neck reconstruction due to its close color and texture match.
In general, long flaps are required, but with the risk of distal necrosis. The aim of this study is to assess the relationship between the length and
distal end necrosis of the supraclavicular flap.

Methods: Between 2013 and 2017, 21 patients underwent head and neck reconstruction surgery, in which 25 supraclavicular flaps were used.
In 12 cases, the flaps were used for reconstruction following release and excision of burn contractures, whereas the remaining 9 patients had
flaps following wide excision of tumors. Different imaging techniques were used to facilitate the design and guide the dissection of the flap, and
modification procedures were performed to prolong the survival length of the flaps.

Results: The length of the 25 flaps used varied according to the patient's needs. In average, the length ranged from 12-35 cm with a mean length
of 20.76 cm. There was no total flap loss; however, 3 of the flaps (12%) resulted in distal end necrosis. All the flaps with distal necrosis had a length
of 23 cm or more regardless of whether the modification procedures were performed or not, while the flaps with length below 23 cm had no
necrosis (14 flaps).

Conclusion: The distal survival of the supraclavicular artery island flap is reliable up to 22 cm, but the flaps above that size will increase the risk of

distal necrosis with or without modification procedures.

Introduction

The supraclavicular flap has gained popularity in recent years as a reli-
able and easily harvested flap, which is ideal for head and neck recon-
struction. The flap is based off an axial vessel branching from the thy-
rocervical trunk or transverse cervical artery. The color match, thinness,
pliability, and the hair-free skin of supraclavicular artery flap parallel that
of the head and neck region and provide a superior cosmetic outcome
when compared to free tissue transfer flaps from the other regions such
as the forearm, abdomen, or thigh [1-3].

In the year 1842, Thomas Mutter in Philadelphia described a ran-
dom flap in the shoulder region [3-5]. In 1903, Toldt, an anatomist, first
illustrated and named the vessel as arteria cervicalis superficialis. It orig-
inates from the thyrocervical trunk exiting between the trapezius and
sternocleidomastoid muscles [2].

Kazanjian and Converse performed the first clinical application of a
flap from the shoulder area in 1949 and they named it as “in charretera
flap” or acromial flap [3,6,7]. The supraclavicular flap was first described
by Lamberty in 1979 as an axial pattern fasciocutaneous flap [8].

In 1983, Lamberty and Cormack, in an anatomical study on cadav-
ers, found a vessel cephalad to the clavicular insertion of the trapezius
muscle and they named it as the supraclavicular artery [9]. At the begin-
ning of beginning in the 1990s, Pallua et al. “rediscovered” this flap and
popularized its use by performing detailed anatomical studies examining
the vascularity of what is known today as the supraclavicular island flap
[10,11]. They published several clinical series of supraclavicular flaps for
reconstruction of post-burn neck contracture, and also in oncologic head
and neck reconstruction. They found the flap safe and reliable for imme-
diate resurfacing of cervical defects [5,11-13].

Di Benedetto et al. in 2005 reported this flap as reliable for covering
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intraoral defects after oncologic resection [14]. Epps et al. and Emerick
et al. described the use of supraclavicular flap for the restoration of the
parotidectomy defects [15,16]. Chiu et al. described the use of the supra-
clavicular flap for functional pharyngeal reconstruction [17].

In the past decade, this flap has been widely used and discussed [18-
20]. Anatomical studies supporting its use have been performed [21-23].
The sensate [24], the pre-expanded [13,25,26], the delayed [8,27], the
prefabricated [27], the superthin [13,28], the folded [29,30], and the bi-
lobed versions [30-32] of supraclavicular flap have also been developed.

The use of supraclavicular flap for head and neck reconstruction was
well described in many articles [1,2,4,11-17,19,20,23-26,28,29,31,33-40]
with a special focus on the length of flaps and their rate of necrosis. The
aim of this study is to check the relation between the length and distal
end necrosis of supraclavicular flap.

Methods

In the time frame between July 2013 and February 2017, 21 patients
underwent reconstruction with supraclavicular island flap for head and
neck defects following the release and excision of burn contractures and
wide excision of tumors.

This study was conducted in the Burns and Plastic Surgery Depart-
ment in Sulaimaniah Teaching Hospitals in Sulaimani, Irag, and the Plastic
Surgery Departments of Hospital de la Santa Creu i Sant Pau and Hospital
del Mar in Barcelona, Spain. The patients who required reconstruction
with pedicled supraclavicular island flaps for head and neck defects in
both centers were included in this study. None of the supraclavicular is-
land flaps were used for aerodigestive tract reconstruction.

Twenty-five supraclavicular artery island flaps were used for 21 pa-
tients. From the 21 patients that underwent reconstruction, 12 cases had
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Table 1. Patient Characteri

Distal End
Necrosis (cm)

Dimensions of
the Flap (cm)

Imaging Tests or Preliminary Procedures

e g S Sl (Delay or Tissue Expanders)

Defect Type and Site

1 53 M L 7x14 Burn contracture in neck No HHD

R 7x15 . No HHD
2 22 M Burn contracture in neck

L 7x15 No HHD

R 8x23 . No HHD
3 35 F Burn contracture in neck . .

L 10x 25 Yes, 2.5 cm HHD, angiogram, tissue expander
4 27 F R 8x25 Burn contracture in neck No HHD
5 50 F L 11x30 Wide excision of recurrent SCC No HHD, delay procedure

in left temple

6 40 F R 6x12 Burn contracture in neck No HHD
7 37 F L 5x12 Burn contracture in neck No HHD
8 26 F R 10 x 35 Burn contracture in neck Yes, 6 cm HHD, delay procedure
9 30 F L 9x25 Burn contracture in neck No HHD, tissue expander + delay procedure
10 55 M L 8x17 Burn contracture in neck No HHD
11 27 F L 8x18 Burn contracture in neck No HHD

R 7x15 . No HHD
12 35 F Burn contracture in neck

L 7x17 No HHD

R 10x 25 . No HHD, tissue expander
13 23 F Burn contracture in neck .

L 11 x27 No HHD, tissue expander
14 76 F L 8.5x 27 Basal cell carcinoma in neck No HHD, preoperative ICG
15 50 F R 6x17 Mastoid exposition No HHD, angio-CT

(complication of neurosurgery)
16 85 F R 9x21 SCC intraparotid metastasis No HHD, intraoperative ICG
17 70 F L 8x23 Malignant tgulérlr;]c;r of parotid Yes, 2 cm HHD, intraoperative ICG
18 76 F L 7x16 SCCin neck No Intraoperative ICG
19 78 M R 10x27 SCC intraparotid metastasis No HHD
20 71 M R 7 %20 Dermatofibrosarcoma No HHD, intraoperative ICG
protuberans in neck

21 49 M L 7x18 Sarcoma metastasis in neck No HHD

CT, computed tomography; CTA, computed tomography angiography; F, female; HHD, handheld doppler; ICG, indocyanine green; ICGA, indocyanine green fluorescent angio-

grams; L, left; M, male; R, right; SCC, squamous cell carcinoma.

post-burn neck contractures and scarring, which were excised and the
defects were then reconstructed using the supraclavicular flap, whereas,
the other 9 patients underwent supraclavicular flap reconstruction for
the defects following wide excision of head tumors.

Smoking could be a factor that might affect the vascularity of the
flaps. In this study, it was noted that all the male patients were ex-smok-
ers or they had quit smoking prior to the operations, whereas, all the
female patients were non-smokers.

All the surgical procedures, including the flap harvest and the re-
construction, were performed under general anesthesia. Different imag-
ing techniques such as Hand-held Doppler, computerized tomography
angiogram, fluoroscopy angiogram, and Indocyanine green angiogram
were used in the preoperative or intraoperative stage for some patients
in order to localize or map the pedicle (Table 1). In addition, modifica-
tion techniques such as delay procedures and tissue expansion were
also performed as a separate procedure in 6 flaps when more length
was required, aiming to improve distal vascularity and facilitate donor
site closure.

Supraclavicular artery island flap dissection started from distal to
proximal edge, incising the inferior border of the flap as an exploratory
incision. The dissection followed in a subfascial plane until the supracla-
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vicular pedicle was identified. Then, the superior incision was completed
in order to raise the skin paddle. Supraclavicular pedicle isolation, usual-
ly, was not necessary to transpose the flap to the defect. Clavicle perios-
teum elevation or clavicle bone division was unnecessary.

Depending on the skin laxity or the reconstructive demands, tunnel-
ization or depithelization of the neck skin was chosen. Depithelization
of a part of the skin paddle is necessary when the tunnelization is per-
formed to transpose the flap to the defect. It may be necessary to do a
book incision in the neck skin if the tunnelization puts too much tension
on the flap.

Results

A total of 25 supraclavicular artery island flaps were used for 21 patients
with head and neck defects. Results of the study are shown in Table 1.

The procedure was performed in 15 female and 6 male patients, the
mean age of the patients was 48.3 years. Four patients had bilateral flap
reconstruction. Eleven flaps were harvested from the right side of the
neck, whereas the remaining 14 flaps were taken from the left side.

The size of the supraclavicular flaps varied in length and width ac-
cording to the patient's needs. On average, the length ranged from 12 to
35 cm, with a mean length of 20.76 cm (standard deviation 6.01), whereas
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the width of the flaps ranged from 5 to 11 cm resulting in a mean width of
8.06 cm (standard deviation 1.59). Donor sites were directly closed in 20
flaps, but five cases (No. 1, 5, 9, 14, and 19) required split-thickness skin
grafting in the area that was not possible to be closed directly.

All the flaps had distal viability after inset. There was no flap loss, but
3 flaps resulted in distal end necrosis (12%). Four cases (No. 3,5, 8, and 17
in Table 1) had distal flap congestion during the early preoperative stage.
Salvage measures were quickly established. Dressings or distal stitches
were removed in order to avoid any tension (cases 5 and 8). Local warm
measurements plus application of local heparin gel every 8 hours were
performed to increase the distal perfusion of the flap in the 4 cases.

Consequently, the vascularity of case No. 5 improved and distal clo-
sure was performed in 3 days. The other 3 flaps resulted in distal necrosis
and they were managed according to their magnitude of necrosis. Two
flaps with a small necrosis (2 and 2.5 cm) were managed with dressings
and secondary healing without sequelae, while the flap with bigger ne-
crosis (6 cm) required debridement and approximations for closure.

Case 1(No. 15in Table 1)

50-year-old-female, required debridement of osteomyelitic mastoid
bone as a complication of pontocerebellar angle meningioma approach
(Figure 1A). Supraclavicular flap with 17 x 6 cm skin paddle was used for
bone coverage (Figure 1B and 1C).

Case 2 (No. 3in Table 1)

35-year-old-female, post-burn hypertrophic scar and contracture on the
neck and chest (Figure 2A). Three surgical procedures at different time
were performed. The first surgical procedure was a partial excision of the
neck scar and an 8 x 23 cm right supraclavicular flap was used to fill the
defect. The second procedure included a left pre-expanded supraclavicu-
lar flap and also tissue expander colocation under the right supraclavicu-
lar flap in the neck (Figure 2B). The third procedure included the excision
of the remaining scar, expanders removed, 10 x 25 cm left supraclavicu-
lar flap raised, both flap inset done, and donor sites were closed directly
(Figure 2C and 2D). Further scar revision and Z plasty in the neck were
performed as a separate minor procedure.

Case 3 (No. 5in Table 1)

50-year-old-female with a fourth recurrence of squamous cell carcinoma
(SCC) of the scalp and temple, involved left temporo parietal area and left
auricle (Figure 3A). The CT scan showed infiltration of the outer table of
the skull. A two-stage surgical procedure was planned. In the first surgi-
cal session, a flap of 11 cm x 30 cm was delayed to increase the survival
length of the flap through the delay phenomena. In the second stage
(3 weeks later), a multidisciplinary team of neurosurgeons, otolaryngolo-
gists, and plastic surgeons performed wide tumor excision including the
auricle and part of the skull bone, and the defect was reconstructed with
a supraclavicular flap of 11 cm x 30 cm, and the donor site was covered
with a split-thickness skin graft (Figure 3B, 3C, and 3D).

Figure 1. (A) Intraoperative view of the defect and the right supraclavicular flap designed. (B) Flap raised and the supraclavicular vessel isolated on the
green background. (C) The flap inset done and the donor site closed directly. (D) Six-month postoperative result.

Figure 2. (A) Post-burn hypertrophic scar and contracture on the neck and chest. (B) Left pre-expanded supraclavicular flap and also tissue expander co-
location under the right supraclavicular flap in the neck. (C) Post-operative view of the neck reconstruction with right and left supraclavicular flaps and the
donor site closed primarily. (D) Post-operative view of the neck reconstruction with right and left supraclavicular flaps and the donor site closed primarily.
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Case 4 (No.9in Table 1)

30-year-old-female with post burn neck contracture (Figure 4A). A pre-ex-
panded and delayed left supraclavicular flap of 9 x 25 cm was used for
reconstruction after the neck scar excision (Figure 4B, 4C, and 4D).

Case 5 (No. 14 in Table 1)

6-year-old-female with Cluster A disease and local advanced basal cell
carcinoma in the left cheek (Figure 5A). The tumor was widely excised and
the defect reconstructed with 27 x 8.5 cm supraclavicular flap. Intraoper-
ative ICG evaluation was performed to mark the pedicle and design the
flap. The donor site was closed with a split-thickness skin graft and the
flap completely survived (Figure 5B, 5C, and 5D).

Discussion

The results of this study have been analyzed to see the relationship be-
tween the flap length and distal end necrosis. According to the data ob-
tained in the results section of this report, the distal end vascularity of the
supraclavicular artery island flap was reliable up to 22 cm, but the flaps
with the size of 23 cm and above increased the risk of distal necrosis,
regardless of whether the modification procedures were performed or
not. Due to the presence of modification procedures in 6 flaps above 23
cm length, the statistical analysis couldn't be reported without bias as the
group of the flaps above 23 cm was nonhomogeneous.

Figure 3. (A) Squamous cell carcinoma of the scalp and temple, involved left temporoparietal area and left auricle. (B) The supraclavicular flap of 30 X 11
cm marked to be delayed. (C) The flap inset. (D) Three-month postoperative view.

Figure 4. (A) Post burn neck contracture. (B) Pre-expanded and delayed left supraclavicular flap of 9 x 25 cm has been raised for neck defect reconstruc-
tion after the neck scar excision. (C) Six-month postoperative view. (D) Six-month postoperative view.
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Figure 5. (A) Basal cell carcinoma in the left cheek. (B) Vascular pedicle marked and flap raised. (C) Flap inset and donor site closed with a split-thickness

skin graft. (D) Six-month postoperative result.

From the literature review of supraclavicular flaps for head and
neck reconstruction in PubMed search engine, 26 articles [1,2,4,11-
17,19,20,23-26,28,29,31,33-40] were found that had used supraclavicular
flaps for head and neck reconstruction and had clearly stated the length
of flaps and their rate of necrosis (Table 2). The rate of necrosis varied
according to the size of the flaps, and only a few of the published articles
clearly associated the rate of necrosis with the definite length of the flaps.

The following articles have discussed the relationship between the
length of the supraclavicular flap and distal necrosis. Ismail et al., in a
study that involved 20 supraclavicular flaps ranged from 16 cm to 25 cm
in length (mean 21.7 cm), reported that 7 flaps (35%) showed partial dis-
tal necrosis, either in the form of superficial epidermolysis in 5 cases or
full thickness necrosis of the distal two centimeters in 2 cases. They also
reported that in all their cases with distal necrosis, the flaps were 23 cm
or more in length [31]. Ismail et al. recommended that supraclavicular
flaps longer than 22 cm were not harvested immediately, and they rec-
ommended modification procedures such as flap expansion before har-
vesting [31]. Similarly, Kokot et al., in a study that involved 45 flaps with
a mean length of 21.4 cm, reported that the flap length greater than 22
cm significantly correlated with flap necrosis [19]. In a different article,
Vinh et al. reported that a unilateral supraclavicular flap with an average
size of 22 x 10 cm can be elevated safely [23]. Loghmani et al. in a study
with 41 flaps, where the range of flap size was 18 + 6 cm in length with 3
cases of distal necrosis, had also found that the supraclavicular flap could
be safely elevated, provided it was within 20 x 10 cm [36]. On the other
hand, Telang et als study found that the supraclavicular flap could be
safely elevated within the dimensions of 20 x 10 cm, and the use of tissue
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expansion greatly amplified the total area available [37]. The results in
the above discussed 5 articles strongly support our results that the flaps
of 23 cm and above correlate with distal necrosis.

Nevertheless, the results of a published article by Kokot et al. con-
tradict with the findings of the above-mentioned papers. They had used
22 supraclavicular artery flaps ranging 16-28 cm in length (mean length
of 21.8 cm) with partial skin flap necrosis occurred in 2 patients. In this
article, it was reported that no statistical correlation was found between
flap necrosis and flap length [35].

In our study, the effect of the modification procedures (the delay and
the tissue expansion) clinically was not clear on the survival of the dis-
tal end of the flaps, but apparently, the expansion procedures helped in
closing the flap donor sites directly up to 11 cm width.

The limitation of this study was about the number of flaps and, in
particular, the number of modification procedures performed for the
flaps. Therefore, in the future, a study with a larger sample size is recom-
mended to achieve more reliable clinical and unbiased statistical results
for modification procedures in terms of their effect on the survival length
of the supraclavicular flap.

Conclusion

Correct knowledge of the relation between the length of the flap and the
magnitude of the distal necrosis is essential in reconstructive surgery to
avoid necrosis of the distal margin of the flap. The distal survival of the
supraclavicular artery island flap is reliable up to 22 cm, but the flaps
above that size will increase the risk of distal necrosis with or without
modification procedures.
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Table 2. Review of Articles on the Number of the Flaps, Length of the Flaps in Centimeters, and Number of Distal Flap Necrosis

Article Number of Flaps Length of Flap, Range or Mean (cm) Number of Flap with Distal Necrosis

Ismail et al., 2016 [31] 20 25-16 2

Margulis et al., 2017 [25] 16 20-35 1

Chen et al., 2016 [33] 12 12-20 None

Zhang et al., 2015 [39] 10 8-12 2

Yang et al., 2015 [26] 16 12-22 None

Emerick et al., 2014 [15] 16 6 to 15 (average 10.3) 2

Yang et al., 2014 [38] 20 23-20 None

Kokot et al., 2014 [35] 22 16-28 (average 21.8) 2

Kokot et al., 2013 [19] 45 15-28 (average 21.4) 8

Loghmani et al., 2013 [36] 41 12-24 3

Chen et al., 2010 [34] 24 8-12 None

You et al.,, 2013 [29] 11 10-12 None

Alves et al., 2012 [17] 47 21-26.4 (average 24.4) 7

Vinh et al., 2009 [23] 103 Average 21 4

Chiu et al., 2010 [1] 20 18-21 None

Chiu et al., 2009 [2] 18 Average 20 1

Pallua et al., 1997 [11] 8 20-30 None

Telang et al., 2009 [37] 9 8-6 2

Rashid et al., 2006 [20] 27 18-24 None

Balakrishnan et al., 2012 [24] 16 20-35 1

Epps etal., 2011 [16] 10 7-20 None

Pallua et al., 2008 [12] 18 12-20 2

Vinh et al., 2007 [40] 32 11-24 3

Di Benedetto et al., 2005 [14] 26 12-35 2

Pallua et al., 2005 [13] 16 14-30 None

Pallua et al., 2000 [4] 29 Average 22 None
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