Optimal length for a reconstructed voice tube after laryngopharyngectomy
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Abstract:
Background: Voice restoration after laryngopharyngectomy can be achieved with an autologous ileocolic flap (ICF). We have observed that the length of the flap influences vocal outcome. The purpose of this investigation was to evaluate the association between ICF length and vocal quality after laryngopharyngectomy. 
Methods: The charts of patients undergoing voice rehabilitation after laryngopharyngectomy with an ICF between 01/01/11 and 12/30/12 were abstracted. Flap length was stratified into three groups: < 7 cm, 7-15 cm, and > 15 cm. Voice quality was evaluated 3 months postoperatively and the association between flap length and vocal outcome was evaluated while adjusting for confounding variables.
Results: There was a significant association between flap length and loudness, maximum phonation time, and SPL (p < 0.05). All 3 parameters were best in the medium flap length group (Group 2).  
Conclusions: Voice rehabilitation after laryngopharyngectomy is possible with an ileocolic flap. The data suggest that voice production is optimized with an ICF of approximately 10 cm. Complications are frequent but amenable to revision surgery.
Introduction
An ileocolic flap (ICF) can be utilized for voice rehabilitation for patients with aphonia after total laryngopharyngectomy 
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(1, 2)
. Factors influencing vocal quality after ICF are uncertain. In addition to pre- and postoperative radiation therapy, we hypothesized that a long ICF may make it difficult for patients to phonate due to increased airflow resistance. The purpose of this investigation was to evaluate the influence of ICF length.
Materials and Methods
This study was approved by the Institutional Review Board of China Medical University Hospital, Taiwan. The charts of all persons who underwent voice rehabilitation with an ICF after total laryngopharyngectomy between 01/01/11 and 12/30/12 were retrospectively abstracted. All of the patients received ICF reconstruction of the hypopharynx-cervical esophagus and voice rehabilitation with a free jejunum flap. The operative technique is described as following. The peritoneum was incised in the region of the right paracolic gutter and the ileocolon and appendix were identified via a median celiotomy. The ileocolon was mobilized and harvested from the hepatic flexure and the superior mesenteric vessels were preserved by trans-illumination. Providone-iodine was utilized to irrigate the harvested bowel. An appendectomy was performed and an end-to-end anastomosis was performed to connect the ascending colon to the terminal ileum. The flap was then utilized to reconstruct the laryngopharyngectomy defect by microvascular anastomoses. The external jugular vein was anastomosed to the ileocolic vein, and the transverse cervical artery was anastomosed to the ileocolic artery. The pharyngeal defect was reconstructed using the ascending colon in an isoperistaltic direction to create a neopharynx between the hypopharynx and esophageal stump. The terminal ileum was then anastomosed to the tracheal stump. A tube jejunostomy was performed for peri-operative nutritional support. The viability of the flap was observed by monitor loop and/or direct visualization of the exposed ileum. 
Data including the etiology of the defect, surgical procedure, patient demographics, radiotherapy, surgical complications, and the length of ICF were abstracted. Vocal function was evaluated as loudness of speech, maximum phonation time (MPT), the percentage of intelligible words during speaking, speech fluency, and with a 5-point Likert scale, with grade 1 indicating that the patient could not phonate a word and grade 5 indicating good vocal function (Table 2). Three recordings were made for each vocal assessment, with the longest being used for analysis. Patients who could phonate for over 3 seconds underwent sound spectrogram analysis with a Computer Speech Lab System (CSL Model 4500; KayPentax, Lincoln Park, NJ), and the outcome factors of the average fundamental frequency (F0), sound pressure level, and dynamic range were recorded. The length of the flap was categorized into three groups: group 1, < 7 cm (n=6); group 2, around 7-15 cm (n=13) (Fig. 1); and group 3, > 15 cm (n=11) (Fig. 2).  All data was coded and abstracted into SPSS version 17.0 (SPSS Inc., Chicago, Illinois). Outcome measures were analyzed by Fisher’s exact test, and a p value less than 0.05 was considered statistically significant.
Results
Thirty patients underwent laryngopharyngectomy and ICF vocal rehabilitation. The surgical indications were hypopharyngeal (21/30) and laryngeal cancer (9/30).
The average length of the flap was 5.4 cm (±1.1 cm) in Group 1, 10.6 cm (±2.2cm) in group 2, and 17.6 cm (±2.4cm) in group 3. Voice outcomes for each group are presented in Table 3. There was a significant a association between flap length and loudness, maximum phonation time, and SPL (p < 0.05). All 3 parameters were best in Group 2. There was no association between intelligibility, fluency, F0, deglutition index and flap length (p > 0.05). All patients received radiotherapy due to advanced tumor status. Eleven patients received pre-operative and 19 received post-op radiotherapy (RT). There was no association between voice outcome and timing of RT (Table 4).  
Vascular compromise of the flap secondary to arterial insufficiency occurred in two patients. Both were identified and rescued within 48 hours. Five patients suffered leakage from the ileocecal valve into the flap . All of the 5 patients underwent plication to the ileocecal valve via transcolonic approach after a 2-month period of observation. They could all swallow with no choking after plication surgery. 

Four patients developed leakage and fistula formation at the coloesophageal junction. Two of these patients underwent a deltopectoral flap, one received a pectoralis major flap, and one received a seromuscular flap. Three patients developed dysphagia secondary to stricture at the coloesophageal junction. All of them underwent secondary reconstruction with restoration of swallowing function.  
Discussion
 Ileocolic flap reconstruction for laryngopharyngectomy and voice restoration has numerous benefits over existing opitons 
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(3, 4)
5(. An artificial electronic larynx produces an unnatural sound, which can lead to a social isolation and depression )
. Voice rehabilitation with placement of a tracheo-esophageal prosthesis can result in a foreign body reaction with crust formation and chronic infection and inflammation 
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(3, 7)
. The prosthesis is also expensive and time consuming to care for and replace and may loosen and become dislodged in the airway. Therefore, an autologous flap provides theoretical advantages to voice rehabilitation after laryngopharyngectomy. Rehabilitation with an ICF, however, is not without challenges. Stenosis or stricture of the voice conduit orifice is relatively common and may be more common in patients who received preoperative radiotherapy for previous organ preservation
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(8)
. Soft tissue stiffness after radiotherapy can lead to difficulty in vocal resonance and speaking difficulty9()
. However, we could not identify significant differences in vocal functions caused by pre- or post-operative RT. Because all of our patients underwent radiotherapy for advanced tumor status, we could not compare results with the non-RT condition.
The most important predictor of voice loudness and speech function was flap length. A longer flap is bulky and may lead to compression and increased airflow resistance with a negative impact on voice production. Conversely, a flap that is too short is also unsatisfactory because of shrinkage in most patients. A shorter flap causes decreased external tension so that the ileocecal valve will not be able to close in a natural position, leading to air leakage and aphonia 10()
. 
Conclusion
 Voice rehabilitation after laryngopharyngectomy is possible with an ileocolic flap. The data suggest that voice production is optimized with an ICF of approximately 10 cm. Complications are frequent but amenable to revision surgery.
Summary

· Voice restoration after laryngopharyngectomy can be achieved with an autologous ileocolic flap (ICF) with offering the proper speech and swallowing function. 
· Optimal length for a reconstructed voice tube after laryngopharyngectomy is 10cm. 
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Figure legends:
Figure 1. Length of a voice tube around 10 cm. 

Figure 2. Length of a voice tube over 15 cm. 

Table 1. Evaluation of swallowing function using a modified version of the 7-point Likert scale

	Score
	Deglutition

	1 
	Severe complaints and unable to swallow

	2 
	Severe complaints and difficulty in swallowing a bolus and dry swallowing 

	3
	Moderate complaints and difficulty in dry swallowing

	4
	Moderate complaints and difficulty in swallowing a bolus

	5
	Minimal complaints and totally able to swallow without a bolus (dry swallowing)

	6
	Minimal complaints and totally able to swallow a bolus without difficulty

	7
	No complaints


Table 2. Evaluation of speech function using a modified version of the 5-point Likert scale
	Score
	Intelligibility 
	Loudness
	Fluency

	1 
	Unintelligible
	No sound
	No usable speech/

involuntary sounds

	2 
	Intelligible when the context

is known (50%)
	Low, can be heard near mouth
	Single words

	3
	Intelligible when the context

is known (80%)
	Low, can be heard nearby
	Short sentences

	4
	Speech changed but 100%

intelligible
	Moderate, can be heard

in same room
	Long sentences

	5
	Normal, no change in speech
	Loud, can be heard a

reasonable distance away
	Good fluent speech


Table 3. Phonation and deglutination results in the three groups

	(mean±SD)
	Group 1
	Group 2
	Group 3
	p 

	Loudness (mean±SD)  
	1.3 (±0.8)
	3.6(±0.6)
	2.2(±1.1)
	0.03

	Intelligibility (mean±SD)  
	1.6 (±0.9)
	3.8(±0.3)
	3.1(±0.7)
	0.1

	Fluency (mean±SD) 
	1.4(±0.3)
	3.5(±1.2)
	3.3(±0.8)
	0.1

	MPT (s) (mean±SD) 
	2.2(±0.7)
	4.7(±1.6)
	3.1(±0.6)
	0.01

	F0 (Hz) (mean±SD) 
	160.4 (±11.3)
	154.6(±8.3)
	113(±21.3)
	0.3

	SPL (dB) (mean±SD) 
	22.8 (±5.7)
	70.12 (±6.2)
	38.31(±13.3)
	0.01

	Deglutition (mean±SD)
	4.3(±0.5)
	4.6(±0.7)
	4.3(±0.4)
	0.5


Statistics by Fisher’s exact test, p<0.05 was considered significant.

SPL means sound pressure level in dB unit. 
Table 4 Phonation and deglutination results in by pre-op and post-op RT
	(mean±SD)
	Pre-OP RT group 
	Post-OP RT group
	p

	Loudness (mean±SD)
	2.7 (±0.6)
	3.3 (±0.8)
	0.8

	Intelligibility (mean±SD)
	2.6 (±0.5)
	3.1 (±0.7)
	1.0

	Fluency (mean±SD)
	3.1 (±0.7)
	2.3 (±1.2)
	0.8

	MPT (s) (mean±SD)
	3.3 (±1.5)
	3.8 (±2.6)
	1.0

	F0 (Hz) (mean±SD)
	151.5 (±20.2)
	158.6 (±13.7)
	0.7

	SPL (dB) (mean±SD)
	56.8 (±8.8)
	52.5 (±9.1)
	1.0

	Deglutition (mean)
	4.1 (±0.6)
	4.1 (±0.3)
	1.0


Statistics by Fisher’s exact test, p<0.05 was considered significant.

SPL means sound pressure level in dB unit. 
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Figure 2.
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