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Abstract

Objectives: How reconstruction affects function following total laryngectomy is

unclear. This study seeks to determine whether reconstruction method is associated

with differences in swallowing outcomes.

Methods: Retrospective review of reconstruction technique in patients undergoing

TL was compared by pharyngeal transit time (PTT), patient-reported dysphagia

(EAT-10), and diet-tolerated (FOIS).

Results: Ninety-five patients met inclusion criteria, with 40 patients (42.1%) undergo-

ing primary closure and 55 patients (57.9%) undergoing tissue transfer. There was no

difference in EAT-10 scores between the groups (P = .09). There was a significantly

higher proportion of patients achieving oral diet (FOIS >3) with primary closure

(P = .003). Patients undergoing PMC vs free flap had similar rates of g-tube depen-

dency. Primary closure had the shortest PTT (1.89 seconds) compared to free flap

(3.47-4.65 seconds) or PMC (5.1 seconds; P = .035).

Conclusions: When primary closure is achievable, these results suggest improved

swallowing outcomes with better tolerance of oral diet and shorter pharyngeal transit

times.

Level of evidence: IV
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1 | INTRODUCTION

Cancer of the upper aerodigestive tract accounts for approximately

400 000 new cancer diagnoses each year, with approximately 14 400

cases attributable to laryngeal and hypopharyngeal cancer.1,2 Follow-

ing the publication of both the Veterans Affairs (VA) laryngeal cancer

study in 1991, and the Radiation Therapy Oncology Group 91-11 trial

results in 2003, chemotherapy with radiation (CRT) became the pri-

mary treatment for patients with laryngeal cancer.3,4 Long-term

results of this trial also demonstrated acceptable morbidity in patients

who underwent salvage laryngectomy. Based on these results, total

laryngectomy is now offered for surgical cure in advanced cases only,

or for surgical salvage and for a nonfunctional larynx.5,6

While the primary goal of therapy is cure, speech and swallowing

function is of critical importance as well. Swallowing impairment is
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very common in this patient population before, during, and after

treatment, leading to worse overall quality of life.7-12 Dysphagia

following total laryngectomy is attributed to stricture, diverticula,

reduced transit in the neopharynx, and reflux.8,13 Frequent complaints

reported by patients include globus, regurgitation, prolonged meal-

time, and food sticking.8,14,15

Given current high success rates of free tissue transfer, it has

become increasingly common in the reconstruction of pharyngeal

defects, although many centers continue to utilize the pectoralis major

flap.16-18 The type of reconstruction for pharyngolaryngeal defects is

dependent on tumor characteristics such as T-stage, degree of pha-

ryngeal mucosal involvement, history of prior radiation, and patients'

comorbidities.8 Although many studies have shown that the addition

of a vascularized flap decreases complications such as fistula, and

improves functional outcomes in the treatment of advanced laryngeal

cancer, to date, only one compared different reconstructive options

and examined post-operative swallowing outcomes. However, this

investigation did not use objective swallowing metrics in their

analysis.13,19 Therefore, the aim of this study was to determine

whether or not closure type and flap choice is associated with differ-

ences in measurable post-operative swallowing function following

total laryngectomy.

2 | MATERIALS AND METHODS

This study was performed under the approval of the university's insti-

tutional review board. The electronic medical records of patients

>18 years of age with advanced laryngeal and hypopharyngeal cancer

treated with total laryngectomy at a tertiary academic medical center

from October 2007 to October 2018 were reviewed. All patients

included in the study were evaluated for swallowing impairment with

a video-fluoroscopic swallow study (VFSS) post-operatively, regard-

less of reconstruction or complaint of dysphagia. Swallow studies

were interpreted by an experienced speech language pathologist and

findings were reviewed by a laryngologist. All cases included could

have been closed primarily, but at the surgeon discretion, a flap was

chosen, most commonly due to history of radiation. All primary clo-

sures were done in a vertical fashion, and all flaps were inset as a

cutaneous patch. All patients underwent a myotomy prior to pharyn-

geal closure. Exclusion criteria included missing clinical data, patients

undergoing complete laryngopharyngectomy requiring a tubed

closure, and patients with second primary cancer outside of the head

and neck. Patient demographics as well as dysphagia metrics were

collected. VFSS and swallowing metrics were collected every 3 months

post-operatively, but due to missing datapoints for some patients, the

analysis only includes assessments completed at 1 year post-

operatively when all patients had a complete evaluation. Subjective

evaluation of dysphagia was assessed by post-operative Eating

Assessment Tool-10 scores (EAT-10), a questionnaire with internal

consistency, test-retest reproducibility, criterion-based validity, and

normative data suggesting a score > 3 is abnormal.20 Patients were

divided into four groups based on reconstructive technique:

(a) primary closure, (b) pectoralis major rotational flap (PMC), (c) radial

forearm free flap (RFFF), and (d) anterolateral thigh free flap (ALT).

Statistical analysis was performed using SPSS statistics version

25 (IBM corporation, Armonk, NY). Subgroup analysis was performed

via chi square testing to analyze the independent impact and associa-

tion of each demographic factor on post-operative swallowing impair-

ment. Patients with EAT-10 scores were compared using Kruskal-Wallis

analysis of variance. Any patient's lacking survey responses were

omitted from the analysis. FOIS scores were analyzed by dividing

groups into those feeding tube dependent (scores 1-3) vs independent

(4-7) and compared with chi-square analysis. Given the heterogeneity

of the data, a Bonferroni correction was used where applicable. The

threshold for significance was set at P < .05.

3 | RESULTS

Ninety-five patients met the inclusion criteria, with a mean age of

61 (SD 10.5), and 82.1% were male. Forty-three patients (45.2%)

underwent primary total laryngectomy, 38 (40%) underwent salvage

laryngectomy, and 14 (14.7%) underwent functional laryngectomy.

Primary closure was used in 40 patients (42.1%), most commonly in

the primary laryngectomy group. Reconstruction with vascularized

tissue transfer with either a regional or free flap was used in 55 cases

(Table 1). One flap failure occurred in this cohort, with salvage per-

formed by a PMC. This was not included as an additional reconstruc-

tion type during analysis.

Reconstruction type did not differ between T-stage (P = .443;

Table 1). There was no difference in EAT-10 scores between the groups

(P = .09; Figure 1). There was a significant difference in FOIS level, with

a higher proportion of patients achieving oral diet (FOIS >3) with pri-

mary closure (P = .003; Bonferroni corrected P-value .012; Figure 2).

Patients undergoing PMC vs ALT free flap had similar rates of g-tube

dependency at 50% and 48%, respectively. Patients undergoing free

TABLE 1 Demographics

N = 95 Total Primary TL Salvage TL P

Sex

Male 78 (82.1%) 45 33 .325

Female 17 (17.9%) 12 5

Closure

Primary 40 (42.1%) 33 7

PMC 19 (20.0%) 10 9 .0008

ALT 31 (32.6%) 12 19

RFFF 4 (4.2%) 1 3

Tumor stage

T1 4 (4.2%) 0 4

T2 8 (8.4%) 3 5 .443

T3 39 (41.1%) 9 8

T4 43 (45.2%) 26 18
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flap reconstruction had significantly longer pharyngeal transit times

(PTT) compared to primary closure, with ALT averaging

4.65 seconds, RFFF averaging 3.47 seconds, and primary closure

averaging 1.89 seconds. Patients undergoing PMC had the longest

PTT at 5.1 seconds (P = .035; Figure 3). Surprisingly, there was no

correlation between EAT-10, FOIS, or PTT, meaning some patients

with fast PTT still had high EAT-10 scores. Likewise, some patients

with slower PTT had no g-tube dependence, although there was a

trend toward longer PTT and higher g-tube dependence. Therefore,

no correlations could be drawn among the outcome measures. Fur-

thermore, among patients who underwent primary closure, in exam-

ining patients who underwent primary TL vs salvage TL, the EAT-10,

FOIS scores, and PTT were comparable (Table 2). Thirty patients

underwent balloon dilation in the follow-up period for continued

dysphagia, 10 in the salvage TL group, and 20 in the primary TL

group. There was no difference in the need for intervention between

reconstruction techniques (P = .524), but there was a correlation

between higher EAT-10 scores and need for dilation. Furthermore,

patients who underwent a series of three dilations spaced 3 months

apart were more likely to achieve oral diet. Two patients required

14 dilations (primary closure) and 7 dilations (ALT) prior to achieving

oral diet.

F IGURE 3 Pharyngeal transit times
by closure technique

F IGURE 1 Kruskal-Wallis ANOVA for flap type and EAT-10 scores

F IGURE 2 FOIS score comparison by
closure
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4 | DISCUSSION

The incidence of dysphagia following total laryngectomy has been

reported in the range of 10%-60%, with some studies reporting

some level of persistent swallowing impairment in all patients post-

operatively.11 To date, many studies have examined the success in

free tissue transfer for limiting complications following total laryn-

gectomy and have studied the functional outcomes associated with

specific flaps.9,12,21 Only one other study, however, has compared

outcomes between different closure techniques, particularly with

respect to post-operative swallowing.13

Among this cohort of total laryngectomy patients, we found no dif-

ference in self-reported dysphagia between various reconstruction

groups, as measured by EAT-10 scores, regardless of whether or primary

or salvage TL. This is consistent with Maclean et al who found no differ-

ence in the type of pharyngeal closure and patient reported dysphagia.8

Similarly, Nguyen et al reported no difference in patient reported dyspha-

gia between those undergoing PMC vs free flap reconstruction, although

they did not utilize validated symptom indices such as the EAT-10.13 In

their study of 126 patients undergoing salvage laryngectomy, their out-

come measures were delay in oral intake, subjective complaint of dyspha-

gia, diet consistency, need for feeding tube, and need for esophageal

dilation due to pharyngoesophageal structure. They found a significantly

lower number of patients tolerating oral diet in patients in the PMC

group compared to the free flap group (38.7% vs 15.2%, P < .05).13

In the present study, there was a similar rate of g-tube dependency

between the two types of reconstruction at 1 year post-op, and this was

consistent across primary and salvage TL patients.. In another study of

25 patients undergoing tubed RFFF reconstruction for total

laryngopharyngectomy, only 1 patient remained g-tube dependent at the

end of their follow-up period.12 Yu et al reported on the success of the

ALT for pharyngeal reconstruction.21 Of 114 patients, 95% of the flaps

were successful, 6% had strictures, and oral diet was achieved in 91%.21

Many studies have corroborated these findings, although Parmar et al22

are still proponents of the jejunal flap for circumferential defects given

their high complication rate and low oral intake rate. It should be noted,

though, that they had a very low number of patients (n = 6). Mahalingam

et al9 showed that 5/44 (11.4%) of ALT flap required long-term enteral

feeding in comparison with 18/461 (3.9%) of free jejunal flap patients

(P < .05). They also found that pedicled flaps resulted in poorer outcomes

than free flaps. The higher rates of g-tube dependence in this study are

unclear but it could be related to the significant proportion undergoing

laryngectomy in the salvage setting, and shorter follow-up time. Our

findings indicate that closure choice is associated with ultimate diet tol-

erance as measured by FOIS. The highest proportion of patients achiev-

ing oral diet (FOIS >3) underwent primary closure. In a systematic

review by Terlingen et al,15 dysphagia in patients who underwent pri-

mary pharyngeal closure was related to impaired pharyngeal

propulsion, outflow resistance, pharyngeal weakness, spasm, and naso-

pharyngeal reflux. A pseudodiverticulum was more frequently seen

after vertical closure compared to T-shaped closure. Furthermore, they

found higher rates of stricture formation, as assessed with VFSS, with

primary closure vs pedicled or microvascular free flap.15 This could be

due to a smaller overall lumen from primary closure as opposed to

augmenting pharyngeal area with a flap, although the site of stricture

was not specified. The improved swallowing outcomes with primary

closure could be due to preserved pharyngeal musculature.

Not only was primary closure associated with oral diet success, it

also correlated with faster pharyngeal transit times. This present study is

the first to compare pharyngeal transit times (PTT) among different clo-

sure techniques. Patients undergoing free flap reconstruction had signifi-

cantly longer PTT compared to primary closure, and patients undergoing

PMC had the longest PTT. By comparison, Maclean et al studied

intraluminal bolus pressures in 26 patients who underwent primary clo-

sure of the neopharynx. They found that patients who had mucosa-alone

pharyngeal closure had significantly greater pharyngeal diameter but no

difference in intrabolus pressures. Patients closed with mucosa and mus-

cle had superior swallowing, with near normal peak mid-pharyngeal pres-

sures. Furthermore, they did not find a difference in functional outcome

between those who did and did not have a myotomy performed at the

time of laryngectomy. As with prior studies, they found no difference in

the type of pharyngeal closure and patient reported dysphagia.8

Esophageal dilation has been shown to significantly improve dyspha-

gia following TL.23 Further studies have shown that intervention leading

to improved dysphagia is correlated with improved quality of life.24 Fre-

quently, patients develop strictures, particularly at the anastomosis

between the neopharynx and esophagus, leading to dysphagia requiring

balloon dilation.19 In the present study, approximately one-third of

patients underwent balloon dilation, but there was no difference in closure

type between those who did and did not require dilation, or the fre-

quency of dilation. Furthermore, need for dilation did not differ between

the primary and salvage groups. In a study by Scharpf et al, nine patients

(36%) who underwent RFFF reconstruction for hypopharyngeal defects

required dilation.12 A separate study by Mahalingam et al9 found that

5 of 15 ALT, 3 or 11 gastro-omental, and 87 of 810 free jejunum flaps

developed strictures, a difference which was significant (P < .05).9

TABLE 2 Comparison of outcomes between primary and salvage TL

Closure

EAT-10

P

FOIS >4 PTT

Primary TL Salvage TL Primary TL Salvage TL Primary TL Salvage TL P

Primary 23 12.8 .22 26 6 1.95 1.53 .60

PMC 22 14.4 .47 4 4 3.45 5.76 .51

ALT 27.2 21 .99 4 12 4.92 3.55 .49

RFFF 14 23 1 1 6.76 2.53
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Nguyen et al13 found that PMC required more esophageal dilations

related to stricture. They proposed that the free flaps may offer a higher

freedom of movement than the PMC, and a higher degree of pharyngeal

diameter. Esophageal dilation is clearly an important component of post-

operative follow-up following total laryngectomy, but it does not appear

to be related to the type of neopharyngeal closure.

The authors acknowledge several limitations to the present study

including its retrospective design which lends to selection bias. Addi-

tionally, there were a small number of patients in the radial forearm free

flap group making a direct comparison difficult. Finally, there was het-

erogeneity between the groups. We attempted to control for these

factors by having strict inclusion criteria. Nevertheless, this is the first

study comparing primary closure to free-flap type and only the second

study comparing outcomes between regional vs free flap reconstruc-

tion. Furthermore, this is the first study utilizing dynamic swallow stud-

ies to evaluate pharyngeal transit times between closure techniques,

and the results suggest improved outcomes with primary closure.

5 | CONCLUSION

Free flap reconstruction is a necessary part of total laryngectomy

reconstruction, whether to augment mucosa for closure or to prevent

complications. When achievable, preserving as much mucosa as possi-

ble, or closing primarily may result in improved pharyngeal transit

times and oral tolerance.
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