
Salvage surgery for patients with recurrent oral and oropharyngeal squamous cell carcinoma involving the carotid artery 
Abstract 

Purpose: Outcomes of salvage surgery and carotid artery (CA) management were evaluated in patients with oral and oropharyngeal cancer. Methods: Eighteen patients with recurrent oral and oropharyngeal squamous cell carcinoma involving the CA underwent salvage surgeries consisting of wide resection of the tumor, CA resection without and with reconstruction, and CA subadventitial dissection without and with encapsulation. Major tissue defects were reconstructed using a flap. Results: One patient showed postoperative transient hemiplegia, and wound dehiscence occurred at the recipient site in two patients. Two patients suffered carotid blowout. One patient who underwent CA resection and reconstruction suffered a carotid embolism. After 5–42 months of follow-up, 12 patients were disease-free, two remained ill, and four had died of local recurrence or distant metastases. Conclusions: Salvage surgery remains an effective treatment modality. CA sacrifice offers a viable treatment strategy. Major defects can be reconstructed with an trapezius flap. 
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Introduction

Salvage surgery remains the only curative treatment option for patients with advanced recurrent oral and oropharyngeal squamous cell carcinoma (SCC) [1–3]. The 2010 American Joint Committee on Cancer (AJCC) cancer staging guidelines [4] classified oral and oropharyngeal SCCs as T4b tumors when they invade the masticator space, pterygoid muscle, pterygoid plate, nasopharynx, skull base, or carotid artery (CA). Involvement of the CA is classified as a stage IVb disease, which is considered to be unresectable. Patients administered chemoradiation or radiation therapies without surgical excision of these masses have a very low chance of survival. The only treatment option that offers a cure for patients with an invaded CA is surgical excision of the tumor [5]. Surgical treatment of the CA in selected patients can provide locoregional control and the possibility of prolonged disease-free survival with acceptable morbidity [6]. In fact, CA sacrifice and graft reconstruction constitute a viable treatment option rather than a merely palliative procedure [7]. In this study, we retrospectively analyzed the feasibility of salvage surgery, including wide resection of the tumor together with CA resection and reconstruction, CA subadventitial dissection, CA subadventitial dissection and encapsulation with a vascular prosthesis, and CA resection, in patients with recurrent oral and oropharyngeal SCC involving the CA. 

Patients and methods

The 18 patients enrolled in the study had advanced recurrent oral and oropharyngeal SCC involving the CA. They underwent salvage surgeries and reconstruction with flaps between January 2010 and October 2014 at the Hospital of Sun Yat-sen University (Guangzhou, China). The University’s Institutional Review Board approved the study. The age range of the 14 males and four female patients was 46–72 years (median, 56.1 years). The original primary tumor site was the oral cavity (tongue, buccal mucosa, tongue, floor of the mouth) in 11 patients (61.1%) and the oropharynx in seven (38.9%). Clinical examinations, magnetic resonance imaging, and/or 3D computed tomography were used to evaluate the patients preoperatively and confirmed locoregional recurrence, without distant metastasis, and invasion of the CA (Fig. 1A, B). According to the 2010 AJCC cancer guidelines regarding the clinical staging of recurrence (rCS) [4], all patients had rCS IVb disease. Eleven patients had previously been treated by surgery, four patients had previously undergone surgery followed by postoperative (chemo)radiation, and three patients had previously received (chemo)radiation alone. Two patients (cases 1 and 9) suffered carotid blowout requiring emergency surgery. All 18 patients underwent wide resection of the tumor with CA resection. Reconstruction with a vascular prosthesis [collagen-coated woven polyester vascular prosthesis (InterGard® Woven, InterVascular S. A. S., La Ciotat, France)] was performed in four (22.2%) patients (Fig. 1B, C); four (22%) others underwent subadventitial dissection of the CA (Fig. 2); two patients (11.1%) were treated by CA subadventitial dissection and encapsulation with a vascular prosthesis (Fig. 3); and eight patients (44.4%) underwent CA resection alone (Fig. 4). Frozen-section assessments of the surgical margin were performed routinely in these cases. All patients had combined bone and extensive soft-tissue defects. Reconstruction of the major defect was performed in 11 patients (61.1%) with an extended vertical lower trapezius island myocutaneous flap (TIMF) or folded flap; five (27.8%) had a pectoralis major myocutaneous flap (PMF); one (5.6%) had a submental flap; and one (5.6%%) had a forearm free flap. Five patients who had positive or close margins after salvage surgery were treated with adjuvant chemotherapy, radiotherapy, or chemotherapy and radiotherapy. The characteristics of the patients and a description of their treatment are provided in Table 1.

Results 

All rCS IVb tumors were completely removed, and the tissue defects were successfully reconstructed with flaps. Postoperative transient hemiplegia occurred in one patient (case 8) who underwent CA resection, but it resolved completely within 6 weeks. Wound dehiscence in the recipient site occurred in two patients. Two patients who underwent CA resection and reconstruction with a vascular prosthesis (patient 9) or CA subadventitial dissection (patient 13) suffered carotid blowout during the perioperative period; both were treated by ligating the CA. One patient who underwent CA resection and reconstruction with a vascular prosthesis had a carotid embolism (case 10). None of the patients developed neurologic sequelae. After 5–42 months (median, 18.3 months) of follow-up, 12 patients (66.7%) had no evidence of disease, two (11.1%) showed evidence of disease, and four (22.2%) died of local recurrence or distant metastases at 5–36 months. The outcomes of salvage surgery in the 18 patients with rCS IVb oral and oropharyngeal SCC involving the CA are summarized in Table 1.
Discussion 

In patients with oral and oropharyngeal SCC stage rCS IVb, invasion of the CA is a very strong predictor of mortality. Salvage surgeries including wide resection of the tumor, management of the CA, and reconstruction of the major tissue defect are the only curative treatment option. In this study, all patients with advanced recurrent oral and oropharyngeal SCC involving the CA underwent salvage surgery, and all tumors were removed completely. Two patients suffered carotid blowout, which has morbidity and mortality rates of 40% and 60% respectively [8]. These patients underwent emergency surgery and were successfully treated. Among the 18 patients, CA management entailed resection in 44.4%; resection plus reconstruction with a vascular prosthesis was performed in 22.2%; subadventitial dissection was performed in 22.2%; and subadventitial dissection and encapsulation with a vascular prosthesis was performed in 11.1%. One patient who underwent CA resection experienced postoperative transient hemiplegia, perhaps due to unstable blood pressure, including one that was too low to allow sufficient cerebral blood flow during general anesthesia. Fortunately, this complication resolved completely within 6 weeks. 

The carotid blowout occurred perioperatively in two patients. In the patient who underwent CA resection plus reconstruction with a vascular prosthesis, the cause may have been wound dehiscence in the recipient site, as the arterial wall following subadventitial dissection cannot sustain its integrity in response to arterial blood pressure. In the patient who was treated by subadventitial dissection of the CA, the submental flap used to cover the defect was too small. Both patients were treated by ligation of the CA. In a previous study, 7.7% of patients undergoing CA subadventitial dissection developed carotid blowout [6]. An additional danger is a pseudoaneurysm of the CA after a blunt trauma [9]. To prevent carotid blowout and pseudoaneurysm in our patients undergoing CA subadventitial dissection, a vascular prosthesis was used to encapsulate the CA. In the two patients treated accordingly, neither carotid blowout nor pseudoaneurysm occurred.  

  In this study, although 11 CA were sacrificed due to resection (n=8), postoperative carotid blowout (n=2), and carotid embolism (n=1), none of the 18 patients died or had permanent neurologic sequelae. Predicting the complications after surgical management of the CA is difficult. Although 5–20% of patients do not present any neurologic deficits during the temporary balloon occlusion test, many will suffer a stroke after permanent CS occlusion. In our patients, the preoperative balloon occlusion tests were neurologically tolerable; nonetheless, 12.5% of the patients in the CA resection group developed major, but temporary, neurologic problems. Revascularization after CA resection and reconstruction was accomplished in one patient who had no collateral blood flow during the preoperative balloon occlusion test, but transient major neurologic sequelae developed. According to the literature, the overall perioperative mortality and the mortality rates after carotid blowout are 6.4% and 20%, respectively [6]. In our series, all patients had stage rCS IVb tumors, that is, advanced recurrent oral and oropharyngeal SCC involving the CA. In these cases, tumors growth frequently exerts increasing pressure on the common CA and/or the internal CA, resulting in an increasingly augmented contralateral cerebral blood flow. Thus, dissection of the CA may reduce the risk of neurologic complications. We therefore consider that in these patients, CA sacrifice is a viable treatment option rather than a merely palliative procedure.
 Reconstructing the inevitably large defects following the wide resection of rCS IVb tumors is a major challenge. Both cases of carotid blowout following carotid resection resulted from contamination by fistula and infection. The CA defects were additionally covered with a pedicled muscle flap (PMF) for further protection [6]. Use of a free flap has been reported for the reconstruction of oral and facial defects after salvage surgery [10]. A PMF not only can provide a wound bed with a sufficient blood supply for the vascular grafts but also can allow the repair of skin or tissue defects of the oropharynx and hypopharynx [11]. In our series, several types of flaps were used to reconstruct the major defects: extended vertical lower TIMFs or folded flaps (61.1%), PMF (27.8%), submental flap (5.6%%), and a forearm free flap (5.6%%). Carotid blowout following wound dehiscence in the recipient site and orocutaneous fistulas developed in the patients with oropharyngeal SCC who underwent TIMF and submental flap repair, respectively. One of the most important causes of carotid blowout is a flap that is not large enough to repair the oropharyngeal defects. To prevent postoperative infection, covering the surgical dead space with a large myocutaneous flap is necessary. An extended vertical lower TIMF, with a skin paddle measuring 13× (20+5) cm at maximum (Table 1) that thereby creates a folded flap, was used to reconstruct the major defects in our patients. Defects from CA reconstruction with a vascular prosthesis, CA subadventitial dissection, and CA subadventitial dissection and encapsulation with a vascular prosthesis were addressed by the muscle surface of the vascularized PMF, which provided a sufficient blood supply. There were no cases of wound dehiscence in the recipient site, orocutaneous fistula, or carotid blowout in patients who received an extended vertical lower TIMF. Although PMF is the most common reconstruction method for protecting the CA [6], our experience has shown that the extended vertical lower TIMF and PMF are the preferred options for the repair of oral and oropharyngeal soft-tissue defects after salvage surgery in patients with recurrent oral and oropharyngeal SCC. The extended vertical lower TIMF, featuring a long pedicled flap with a large skin paddle, is useful for the reconstruction of major defects arising after salvage surgery. Folded flaps are optimal when reconstructing through-and-through defects [12].
The review conducted by Aslan et al. of 28 patients with head and neck malignancies invading the CA found that resection and ligation of the CA was performed in 20 patients, and elective resection and revascularization was performed in the remaining eight patients. There were no significant difference in the mortality and morbidity rates between the two groups [5]. After a follow-up of 5–42 months, 66.7% of our patients were alive with no evidence of disease, 11.1% showed evidence of disease, and 22.2% had died of local recurrence or distant metastases at 5–36 months. Although these percentages are far from optimal, salvage surgery currently offers effective treatment without major complications for patients with rCS IVb oral and oropharyngeal SCC involving the CA. 
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Fig. 1. A 49-year-old male patient with advanced recurrent squamous cell carcinoma (SCC) of the left tongue (patient no. 10). (A) Tumor mass in the neck; (B) computed tomography showing a major tumor with an enhancing right carotid artery (CA); (C) the common CA and the internal CA were reconstructed with a vascular prosthesis, (D) the en bloc resection of the CA. 
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Fig. 2. A 63-year-old male presented with advanced recurrent SCC of the left buccal mucosa, stage rCS IVb (patient no. 15). (A) Tumor mass in the face and neck, showing the incision line for wide excision of the tumor. (B) A major defect of the face and neck following wide resection of the tumor, including subadventitial dissection of the CA. (C) The defect was reconstructed with the extended lower vertical trapezius island myocutaneous flap (TIMF).
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Fig. 3. A 56-year-old male presented with advanced recurrent SCC of the left buccal mucosa, stage rCS IVb (patient no. 17). (A) Wide resection of the tumor including subadventitial dissection of the CA. (B) and (C) The CA was encapsulated with a collagen-coated woven polyester vascular prosthesis

Table 1. Outcomes of salvage surgery for 18 patients with rCS IVb oral and oropharyngeal squamous cell carcinoma involving the carotid artery

	Patient no., age, gender
	Tumor site
	Salvage treatment/Carotid artery management
	Reconstruction of flaps/SPF (cm)
	Complications
	Adjuvant treatment
	Follow up

(months)
	Status

	1, 53, M
	Oropharynx
	TR/CAR, EA*
	TIMF/9 × 20
	None
	-
	18
	AND

	2, 48, M
	Tongue
	TG,Man/CAR
	TIMF/9×(15+8)**
	None
	CT/RT
	15
	AWD

	3, 45, F
	Tongue
	HG,Man/CAR
	TIMF/10×(15+7)**
	None
	-
	9
	AND

	4, 47, M
	Oropharynx
	HG,Man/CAR
	TIMF/6× 12
	None
	RT
	20
	AND

	5, 72, M
	Buccal mucosa
	TR,Max,Man/CAR
	PMF/5× 9
	None
	-
	12
	AND

	6, 51, M
	Oropharynx
	TR,Max,Man/CAR
	TIMF/8× 12
	None
	RT
	22
	AND

	7, 61, M
	Floor of the mouth
	TG,Man,BND/CAR
	TIMF/10×(8+15)**
	None
	-
	5
	DOD

	8, 52, M
	Tongue
	TR,TG,Man,IND/CAR
	TIMF/10×(16+7)**
	Mild hemiplegia
	-
	21
	DOD

	9, 57, M
	Oropharynx
	TR/CARR, IA*
	PMF/15× 8
	Dehiscence in recipient-site CA, Carotid blowout#
	-
	6
	AND

	10, 49, M
	Tongue
	HG,Man,/CARR
	PMF/9×(8+6)**
	 Carotid embolized
	RT
	16
	AND

	11, 66, F
	Tongue
	HG,Man,CND/CARR
	TIMF/8× 10
	None
	RT
	36
	DOD

	12, 70, M
	Oropharynx
	HG,Max,Man/CARR
	PMF/8× 10
	None
	-
	42
	AND

	13, 56, M
	Oropharynx
	HG,Max,Man/CASD
	SF/4× 6
	Dehiscence in recipient-site
IA, Carotid blowout#
	-
	32
	AND

	14, 46, F
	Tongue
	HG,IND/CASD
	FFF/5× 6
	None
	-
	23
	AND

	15, 63, M
	Buccal mucosa
	TR,Max,Ma/CASD
	TIMF/13× (20+5)**
	None
	-
	16
	AND

	16, 55, F
	Oropharynx
	TR,Max,Ma/CASD
	TIMF/6× 10
	None
	-
	18
	DOD

	17, 56, M
	Buccal mucosa
	TR,Max,Ma/CASDE
	PMF/7× 10
	None
	-
	8
	AWD

	18, 63, M
	Tongue
	HG,Man,CND/CASDE
	TIMF/8× 10
	None
	-
	12
	AND


Abbreviations: M, male; F, female; *Carotid blowout and emergency surgery; Rupture site: CA, common carotid artery; EA, external carotid artery; IA, internal carotid artery; TR, tumor resection; HG, hemiglossectomy; TG, total glossectomy; Man, mandibulotomy; Max, maxillotomy; CFR, craniofacial resection;  IND, ipsilateral radical neck dissection; BND, bilateral radical neck dissection; CND, contralateral radical neck dissection; CAR, carotid artery resection; CARR, carotid artery resection and reconstruction with vascular prosthesis; CASD, carotid artery subadventitial dissection; CASDE, carotid artery subadventitial dissection and encapsulation with a vascular prosthesis; TIMF, trapezius island myocutaneous flap; **Folded flaps; PMF, pectoralis major myocutaneous flap; SF, submental flap; FFF, forearm free flap; #Ligation of the CA; CT, chemotherapy; RT, radiotherapy; AND, alive, no disease; DOD, died of disease; AWD, alive with disease.
