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Abstract: Background. Enlarged tracheoesophageal punc-
ture (TEP) is a challenging complication of surgical prosthetic
voice restoration. Prevention of this complication requires
identification of high-risk individuals, and surgical and
prosthetic correlates of TEP enlargement.

Methods. Multivariable logistic regression methods were
used to analyze preoperative, perioperative, and postoperative
risk factors for enlarged TEP in a 5-year retrospective cohort.

Results. Enlarged TEP only occurred in irradiated patients.
Adjusting for length of follow-up and timing of TEP, advanced
(N2 or N3) nodal disease (odds ratio [OR]agjustea, 4-3; 95%
confidence interval [Cl], 1.0-19.1), postoperative stricture
(ORagjusted: 3-2; 95% Cl, 1.2-8.6), and diagnosis of locoregional
recurrence or distant metastasis after laryngectomy (ORagjusted:,
6.2, 95% Cl, 2.3-16.4) increased risk of enlarged TEP.
Extended resection and preoperative nutritional status were
also significantly associated with enlarged TEP. Prosthetic
parameters did not significantly correlate with enlargement.

Conclusion. Development of enlarged TEP is a multi-
factorial process related to both baseline and postoperative
factors.  © 2011 Wiley Periodicals, Inc. Head Neck 00: 000
000, 2011
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Tracheoesophageal puncture (TEP) has become the
gold standard for alaryngeal voice rehabilitation after
total laryngectomy since its introduction 3 decades
ago. The current method, introduced by Singer and
Blom in 1980,! relies on placement of a silicone voice
prosthesis into a small, surgically created tracheo-
esophageal puncture, commonly referred to as the
TEP. A one-way valved silicone voice prosthesis fitted
within the TEP allows pulmonary air into the phar-
yngoesophagus for vibratory sound production when
the tracheostoma is occluded. The prosthetic valve
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remains closed during swallowing to prevent
aspiration. Enlargement of the TEP can be a serious
complication that results in leakage of foods, liquids,
or saliva around the prosthesis into the airway and
may ultimately result in aspiration pneumonia.
Although enlarged TEP and/or leakage around the
voice prosthesis has been reported in up to 29% of
patients with TEP? the meta-analysis summary esti-
mate from a recent systematic review suggests that
the overall risk of enlarged puncture and/or leakage
around the voice prosthesis is approximately 8%.?
Risk of enlarged TEP is likely elevated in certain
subgroups of patients; however, few studies have
addressed associated risk factors. There is conjecture
that tissue changes associated with radiation damage,
tumor recurrence, tobacco exposure, thyroid dysfunc-
tion, and malnutrition may predispose patients to
enlarged puncture.*” Although clinical experience sup-
ports these associations, epidemiologic evidence remains
sparse.® Prosthetic variables, primarily diameter*®?®
but also prosthetic insertion methods,® have been
implicated as other potential risk factors for enlarged
TEP. A systematic review, however, found insufficient
evidence to conclude that use of a large diameter pros-
thesis increases the risk of enlarged puncture and/or
leakage around the prosthesis.? A better understanding
of risk factors for enlargement of the TEP is necessary
to guide future research and evidence-based manage-
ment of this complication. To date, a comprehensive
analysis of risk factors for enlarged TEP has not been
published. We sought to identify preoperative, perioper-
ative, and postoperative risk factors for enlarged
puncture using a retrospective cohort study design.

PATIENTS AND METHODS

Study Design and Inclusion/Exclusion Criteria. A
retrospective cohort study was conducted to identify
risk factors for enlarged TEP. All patients who
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underwent TEP for voice restoration after total laryn-
gectomy at The University of Texas MD Anderson
Cancer Center between May 2003 and December
2008 were eligible for inclusion in the study. Patients
whose surgical resection and/or TEP were performed
at an outside institution and those with less than 3-
months follow-up post-TEP were excluded. Two hun-
dred thirty-seven eligible patients were identified by
a search of the MD Anderson Cancer Center TEP
Tracking Database. A total of 43 patients were
excluded: 25 whose resection and/or TEP were per-
formed at an outside facility, 17 with less than 3
months’, follow-up, and 1 whose voice prosthesis was
placed in a persistent postoperative fistula rather
than a surgically created TE fistula. Therefore, 194
patients were included in this analysis. Institutional
review board approval and a waiver of informed
consent were obtained.

Institutional Tracheoesophageal Puncture Manage-
ment. Both primary and secondary TEPs are per-
formed at MD Anderson. The TEP is stented with a
red rubber catheter (12—14Fr) in the immediate post-
operative setting. The initial voice prosthesis is typi-
cally placed 7 to 10 days postoperatively in
conjunction with postoperative surgical clinic visits
for primary TEPs and 3 to 5 days postoperatively for
secondary TEPs. Standard practice is to dilate the TE
tract to 18Fr and insert a 16Fr non-indwelling pros-
thesis on the date of initial fitting. Patients are rou-
tinely followed for TEP management in the
immediate postoperative period and then lifelong as
needed. Routine evaluation includes direct visualiza-
tion of the TEP during liquid swallows to assess for
leakage through and/or around the prosthesis, visual
examination of the TEP, and measurement of TE
tract length wusing commercially available tools
(InHealth Technologies, Carpinteria, CA; Atos Medi-
cal, Horby, Sweden). A variety of indwelling and non-
indwelling prostheses are available for use within the
institution in 16Fr, 17Fr, 20Fr, and 22.5Fr diameters
(InHealth Technologies; Atos Medical). The speech pa-
thologist selects and fits the voice prosthesis based on
the wunique presentation of each patient. Most
patients try more than 1 type, brand, and diameter of
prosthesis before ultimate determination of the opti-
mal device.

Data Collection. Data sources included The MD
Anderson TEP Tracking Database, The MD Anderson
Tumor Registry, and review of the electronic medical
record (EMR). Prosthetic variables and leakage pat-
terns were captured prospectively in the MD Ander-
son TEP Tracking Database. Demographic data were
captured using the MD Anderson Tumor Registry.
EMR review was conducted by the primary author to
collect and verify disease characteristics, medical
comorbidities, and treatment variables.

2 Risk Factors for Enlarged TEP

The primary dependent variable was a diagnosis
of enlarged TEP during the study period. For the pur-
pose of this analysis, an enlarged TEP was defined as
leakage around the voice prosthesis unresponsive to
standard prosthetic management. Our routine prac-
tice is to replace a standard voice prosthesis (without
an enlarged flange) after sizing the TE tract to deter-
mine the proper prosthetic length; enlarged-flange
prostheses are placed in the event of persistent leak-
age around a properly sized voice prosthesis. There-
fore, diagnosis of enlarged TEPs included leakage
around the prosthesis unresolved by replacement of a
standard prosthesis or downsizing the length of the
voice prosthesis, and/or leakage that required place-
ment of a prosthesis with an enlarged flange. Leakage
patterns were observed by direct visualization of the
TEP during liquid swallows and were prospectively
documented by the speech pathologist in the TEP
Tracking Database and EMR. Diagnosis of enlarged
TEP was confirmed by 2 authors (KAH, JSL).

Potential risk factors were collected for all laryn-
gectomy patients. Patient demographics, tobacco/
alcohol history, medical comorbidities, disease charac-
teristics, surgical variables, radiation and chemother-
apy history, and prosthetic factors were recorded.
Patient demographics included sex, age at time of
laryngectomy, self-reported race/ethnicity at time of
registration, marital status at time of registration,
and institutional pay-code at time of registration.
Institutional pay-codes were determined based on
Federal Poverty Guidelines calculated by pre-tax
gross annual family income and number of persons
in the household. Self-reported tobacco and alcohol
exposure were coded per institutional classifications
in the patient history database.!®!! Smoking status
at the time of laryngectomy was coded “never” (<100
lifetime cigarettes), “former” (quit at least 1 year pre-
operatively), or “current” (smoking within 1 year of
surgery). Pack-year history of smoking was calcu-
lated. Self-reported alcohol exposure was coded
“never” (never or “rarely” drink), “former” (at least 1
drink/month, but quit at least 1 year preoperatively),
or “current” (currently drink at least 1 drink/month).
Preoperative medical comorbidities included a physi-
cian diagnosis of diabetes recorded at preoperative
assessment, Adult Comorbidity Evaluation-27 (ACE-
27) comorbidity score,'? body mass index (BMI),'®
thyroid-stimulating hormone levels (normal range,
0.5-5.5 mcU/mL), and serum albumin (normal range,
3.5-4.7 g/dL). The MD Anderson Cancer Center Clini-
cal Chemistry Normal Values Bulletin was followed to
define normal ranges.'* Levels of serum albumin
depletion were classified as mild (2.8-3.5 g/dL), mod-
erate (2.1-2.7 g/dL), or severe (<2.1).1® Postoperative
medical comorbidities included weight loss in the first
postoperative month, stricture confirmed by endo-
scopic or fluoroscopic examination, and head and neck
lymphedema. Postoperative weight loss was classified
as significant (3% to 5% in 1 month) or severe (>5%
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in 1 month) according to institutional guidelines.!®
Disease variables collected included tumor stage (clas-
sified by TNM criteria), tumor site, pathologic diagno-
sis, and diagnosis of locoregional recurrence, distant
metastatic carcinoma, or new primary cancer after
total laryngectomy. Perioperative variables included
extent of surgery, type of reconstruction, and timing
of TEP (primary or secondary procedure). Extent of
surgery included receipt of partial or total pharyngec-
tomy, neck dissection, subglottic/tracheal resection,
and/or thyroidectomy at the time of laryngectomy.
Reconstruction was coded as “patch flap,” including
pedicled pectoralis flaps, radial forearm free flaps,
and anterolateral thigh free flaps; or “circumferential
flap,” including tubed radial forearm free flaps, tubed
ulnar free flaps, and tubed free anterolateral thigh
flaps. No jejunal interpositions were used for pharyn-
geal reconstruction during the study period. In
patients who underwent more than 1 TEP procedure
(n = 13), the final TEP date, before TEP enlargement,
was coded for the analysis. Prosthetic variables
included the largest diameter of voice prosthesis worn
by each patient at any point in time during the
review period up until the time of enlargement (16FT,
17Fr, 20Fr, or 22.5Fr), most common insertion
method (retrograde using insertion stick or expanda-
ble insertion tube), and time to dilating the TE tract
>20Fr (date first dilated minus date of TEP).

Statistical Methods. We sought to evaluate risk fac-
tors for enlarged TEP using unconditional multivari-
able logistic regression methods described by Hosmer
and Lemeshow.!” Preoperative, perioperative, and
postoperative risk factors were considered. Potential
risk factors were thoroughly examined in univariable
analyses before building the regression model. Unad-
justed relative risk (RR) ratios and 95% confidence
intervals (CIs) were calculated. Univariable logistic
regression models containing each covariate were fit.
Covariates of known clinical significance or with
p value < .25 (likelihood ratio [LR] test chi-square) in
the univariable logistic models were selected as candi-
dates for the multivariable model. Length of follow-up
and timing of TEP (primary vs secondary) were retained
in all multivariable logistic regression models due to
clinical relevance. An a priori threshold (z-score test, p
< .10) was used to select variables for entry or removal
during model building. Adjusted odds ratios (ORs) and
95% Cls were calculated based on the final multivari-
able logistic regression model. ORs were considered
an unbiased estimate of relative risk in this cohort
study.'® Postestimation statistics were calculated.
Statistical significance was considered a-level 0.05.

RESULTS

Patient Characteristics. One hundred ninety-four
patients met inclusion criteria for this analysis. The

Risk Factors for Enlarged TEP

mean age was 62 years (SD, 11; range, 37-86) and
84% were men. Eighty-eight percent of patients were
smokers and almost half of the patients (93/194,
47.9%) were current drinkers. A majority of the
patients were white (151/194, 77.8%).

Disease Characteristics. Most patients (177/194,
91.2%) had a pathologic diagnosis of squamous cell
carcinoma. Other diagnoses included thyroid (9/194,
4.6%), sarcomatoid (4/194, 2.1%), chondrosarcoma
(3/194, 1.6%), and adenoidcystic (1/194, 0.5%) cancers.
A majority of patients (103/194, 53.1%) underwent
salvage laryngectomy after radiation or chemoradia-
tion failure. Fifteen patients (7.7%) underwent laryn-
gectomy due to laryngeal dysfunction that included
chronic aspiration and radionecrosis. Glottic (87/194,
44.9%) and supraglottic (56/194, 28.9%) primary
tumors were most common. Other primary tumors
included hypopharyngeal (21/194, 10.8%), subglottic
(15/194, 7.7%), thyroid (9/194, 4.6%), and oropharyn-
geal (4/194, 2.1%); 2 additional patients (1.0%) had a
history of unknown primary head and neck cancers
and underwent laryngectomy due to laryngeal dys-
function. Postoperative stricture was documented
in 16.5% of patients (32/194) on average 12 months
(SD, 12; range, 0-55) postoperatively. Additional
comorbidities are summarized in Table 1.

Treatment Characteristics. Ninety-one percent of
patients (177/194) received radiotherapy (median
dose, 64 Gy; range, 10-80 Gy). Eleven patients (5.7%)
had a history of more than 1 course of head and neck
radiation. Only 17 patients had no head and neck
radiation exposure. Forty-five percent of patients
(87/194) received chemotherapy.

Total laryngectomy without pharyngectomy was
performed in 147 patients (75.8%). Resection included
a partial pharyngectomy in 26 patients (13.4%) and
total laryngopharyngectomy in 21 patients (10.8%).
Pharyngeal reconstruction was required in 51
patients, 4 of whom required delayed flap reconstruc-
tion for postoperative fistula repair. Primary TEP was
performed in 119 patients (61.3%) and secondary TEP
in 75 patients (38.7%).

Thirty percent of the patients developed locore-
gional recurrence (30/194, 15.5%), distant metastatic
disease (15/194, 7.7%), or a new primary cancer
(13/194, 6.7%) after laryngectomy; 64.4% (125/194)
were disease free at last follow-up, and 5.2% (10/194)
died of other causes. Mean length of follow-up was
24 months (SD, 17; range, 3-72) after TEP, and
90% of patients were followed longer than 6 months
(interquartile range, 10-35 months).

Prosthetic Factors. A variety of prosthetic types
and diameters were tried by most patients. The larg-
est prosthetic diameter worn by most patients was
20Fr (133/194, 68.6%). Retrograde placement using
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Table 1. Patient characteristics.

Total no. (%) Enlarged no. (%) Unadjusted RR (95% Cl) LR-test p value

Sex

Male 162 (83.5) 28 (17.3) 1.0 (referent)

Female 32 (16.5) 8 (25.0) 1.4 (0.7-2.9) 320
Age

<50y 7 (13.9) 4 (14.8) 0 (referent)

50-59 y (29 9) 13 (22.4) 5(0.5-4.2)

60-69 y 2 (32.0) 11 (17.7) 2(0.4-3.4)

>70y (24 2) 8 (17.0) 1.1 (0.4-3.5) 823
Mean y (SD) 62.0 (10.7) 61.1 (10.7) 1.0 (1.0-1.0) 568
Smoking status*

Never 24 (12.4) 2(8.3) 1.0 (referent)

Former 77 (40.0) 15 (19.5) 2.3 (0.6-9.5)

Current 93 (47.9) 19 (20.4) 2.5(0.6-9.8) .324
Smoke after radiotherapy, if salvage*

No 76 (39.2) 15 (19.7) 1.0 (referent)

Yes 32 (16.5) 3(9.4) 0.5 (0.1-1.5) 386

N/A or missing 86 (44.3) 1(16.7) -
Alcohol*

Never 47 (24.2) 8 (17.0) 1.0 (referent)

Former 54 (27.8) 11 (20.4) 1.2 (0.5-2.7)

Current 93 (47.9) 17 (18.3) 1.1 (0.5-2.3) 907
Race/ethnicity

White 151 (77.8) 28 (18.5) 1.0 (referent)

African American 1(10.8) 4 (19.1) 1.0 (0.4-2.6)

Hispanic 5(7.7) 3(20.0) 1.1(0.4-3.1)

Other 7 (3.6) 1(14.3) 0.8 (0.1-4.9) 1990
Marital status™

Married 136 (70.1) 26 (19.1) 1.0 (referent)

Not married 58 (29.9) 10 (17.2) 0.9 (0.5-1.7) 757
Pay-code at registration®

Responsible 50% to 100% bill 173 (89.2) 32 (18.5) 1.0 (referent)

Responsible 0% bill 21(10.8) 4(19.1) 1.0 (0.4-2.6) .951
Diabetes*

No 171 (88.1) 34 (19.9) 1.0 (referent)

Yes 23 (11.9) 2(8.7) 0.4 (0.1-1.7) A161*
ACE-27 comorbidity*

None/mild (0-1) 129 (66.5) 22 (17.1) 1.0 (referent)

Moderate/severe (2-3) 65 (33.5) 14 (21.5) 1.3 (0.7-2.3) .452
Albumin*

WNL 136 (70.1) 23 (16.9) 1.0 (referent)

Mild depletion 11 (5.7) 3(27.3) 1.6 (0.6-4.5)

Moderate depletion 8 (4.1) 3(37.5) 2.2 (0.8-5.8) 314

Missing 39 (20.1) 7 (18.0) -
BMI*

Healthy 76 (39.2) 16 (21.1) 0 (referent)

Underweight 12 (6.2) 4 (33.3) 6 (0.6-3.9)

Overweight 69 (35.6) 11 (15.9) 0.8 (0.4-1.5)

Obese 35 (18.0) 3(8.6) 4 (0.1-1.3) 188*

Missing 2 (1.0) 2 (100.0) -
TSH*

WNL 126 (65.0) 26 (20.6) 1.0 (referent)

Low 11 (5.7) 2(18.2) 0.7 (0.2-2.1)

Elevated 21(10.8) 3(14.3) 0.9 (0.2-3.2) 77

Missing 36 (18.6) 5(13.9) -
Weight loss 1st mo post-TL

Not significant 9 (45.9) 17 (19.1) 1.0 (referent)

Significant (3% to 5%) 8 (14.4) 5(17.9) 0.9 (0.4-2.3)

Severe (>5%) 30 (15.5) 10 (33.3) 1.7 (0.9-3.4) 250

Missing 7 (24.2) 4 (8.5) -
Stricture®

No 162 (83.5) 25 (15.4) 1.0 (referent)

Yes 32 (16.5) 11 (30.6) 2.2 (1.2-4.1) o18*
Lymphedema’

No 140 (72.2) 25 (17.9) 1.0 (referent)

Yes 54 (27.8) 11 (20.4) 1.1(0.6-2.2) 689

Abbreviations: RR, relative risk; LR, likelihood ratio chi-square test; N/A, not applicable; ACE-27, Adult Comorbidity Evaluation-27; WNL, within normal limits; BMI, body mass
index; TSH, thyroid-stimulating hormone; TL, total laryngectomy.

*Preoperative variable.

TPostoperative variable.

*Candidate variable for multivariable logistic regression model.
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an insertion stick was most common (170/194, 87.6%).
Prosthetic variables were not coded for 2 patients
whose TEP enlarged before placement of the initial
prosthesis, 1 was diagnosed with level II nodal recur-
rence within 6 weeks of surgery, and the other
presented with an enlarged TEP wearing a 14Fr
catheter 1 day after secondary TEP was performed.

Incidence of Enlarged Puncture. Thirty-six patients
developed an enlarged TEP during the study period
with an incidence of 18.6% (95% CI, 13.0% to 24.1%).
An enlarged TEP was first diagnosed a median of 318
days after TEP (range, 1-1653 days). Overall, 36%
(13/36) were diagnosed within 6 months of TEP, 22%
(8/36) between 6 and 12 months post-TEP, and 42%
(15/36) more than 1 year post-TEP. All enlarged TEPs
were diagnosed after radiotherapy, a median of 19.2
months after the end date of radiotherapy (range,
2 days—16.2 years).

Risk Factors: Univariable Results

Preoperative Patient Characteristics. Few demographic or
preoperative medical variables were significantly
associated with enlarged TEP in univariable analyses
(Table 1). Specifically, sex, age, race and ethnicity,
marital status, and institutional pay-code at registra-
tion were not significantly associated with enlarged
TEPs. A nonsignificant elevated risk of enlarged TEP
was observed for women (RR, 1.4; 95% CI, 0.7-2.9).
Smoking history at the time of laryngectomy was not
significantly associated with enlarged puncture, how-
ever, patients with enlarged TEPs were 2.3 times
more likely to be former smokers and 2.5 times more
likely to be current smokers than never smokers.

Preoperative ACE-27 comorbidity score, diabetes,
and thyroid-stimulating hormone were not statisti-
cally significantly associated with enlarged TEP. Non-
significant elevated relative risks were observed for
preoperative nutritional deficiencies, including mild
(RR, 1.6; 95% CI, 0.6—4.5) and moderate (RR, 2.2;
95% CI, 0.8-5.8) serum albumin depletion and being
underweight as defined by BMI (RR, 1.6; 95% CI,
0.6-3.9). Interestingly, a significant dose response
trend (p = .040) was observed for BMI categories,
with substantially lower risk of enlarged TEP in
obese and overweight patients, and higher risk in
underweight patients.

Postoperative Patient Characteristics. Postoperative medi-
cal variables considered in univariable analysis
included stricture, lymphedema, and weight loss in
the first postoperative month (Table 1). A postopera-
tive diagnosis of stricture significantly increased risk
of enlarged TEP (RR, 2.2; 95% CI, 1.2—-4.1). Stricture
was observed in 30.6% of enlarged TEP cases com-
pared with 13.3% of TEP controls without enlarged
TEP. A nonsignificant elevated risk of enlarged TEP

Risk Factors for Enlarged TEP

was observed for severe (>5%) weight loss in the first
postoperative month (RR, 1.7; 95% CI, 0.9-3.4).

Disease Characteristics. A number of disease character-
istics were significantly associated with enlarged TEP
in univariable analyses (Table 2). Although enlarged
TEP was not significantly associated with T classifica-
tion, staging of nodal disease was a significant predic-
tor (p = .012). In addition, risk of enlarged TEP was
lowest in glottic/subglottic cancers and significantly
highest in hypopharyngeal cancers (RR, 2.4; 95% CI,
1.1-5.3); a nonsignificant elevated risk was observed
in patients with supraglottic cancers (RR, 1.4; 95%
CI, 0.7-2.9).

Enlarged TEP was significantly more common in
patients who were diagnosed with locoregional recur-
rence or distant metastatic cancer after laryngectomy
compared with patients who remained disease free
(RR, 2.6; 95% CI, 1.5-4.7). Among patients with
enlarged TEPs, 8 (22.2%) developed locoregional
recurrence and 8 (22.2%) developed distant metasta-
sis after laryngectomy; only 2 of these patients had
local peristomal recurrence near the TEP site. Inci-
dence of enlarged puncture was 13.4% (9.5% CI, 7.9%
to 19.0%) in patients who remained disease free after
laryngectomy compared with 35.6% (95% CI, 21.0%
to 50.1%) in patients who developed locoregional
recurrence or distant metastasis.

Surgical Variables. Few surgical variables were signifi-
cantly associated with enlarged TEPs in univariable
analyses (Table 2). Risk of enlarged TEP was signifi-
cantly higher after total laryngopharyngectomy com-
pared with standard total laryngectomy (RR, 2.0; 95%
CI, 1.0-4.1). Additional surgical variables including
neck dissection, thyroidectomy, and subglottic or tra-
cheal resection were not significantly associated with
enlarged TEP. Although an enlarged TEP was 1.6
times more common in patients who received a sec-
ondary TEP, this was not statistically significant (RR,
1.6; 95% CI, 0.9-2.9).

Radiotherapy and Chemotherapy Variables. Univariable
analyses of radiotherapy and chemotherapy data are
shown in Table 2. Enlarged TEP was only diagnosed
in irradiated patients (p = .039), and all patients
with enlarged TEPs had completed radiotherapy
before diagnosis of the complication. Relative risk
ratios could not be estimated for many categorical
radiotherapy variables using standard methods due
to a zero count in the no radiation by enlarged TEP
cell of the contingency table. Enlarged TEP was more
common in patients who received postoperative radio-
therapy compared to those who received definitive
radiotherapy before salvage laryngectomy (p = .029).
Patients with enlarged TEPs were more likely to
have had conventional 3-dimensional (3D) conformal
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Table 2. Disease and treatment variables.

Total no. (%)

Enlarged TEP no. (%)

Unadjusted RR (95% CI)

LR-test p value

T classification

T2 9 (4.6) 2 (22.2) 1.0 (referent)

T3 19 (9.8) 3(15.8) 0.7 (0.1-3.5)

T4 57 (29.4) 13 (22.8) 1.0 (0.3-3.8)

TX or missing 5(2.6) 0 (0.0) -

Recurrent 104 (53.6) 18 (17.3) 0.8 (0.2-2.8) .825
N classification

NO 41 (21.1) 3(7.3) 1.0 (referent)

N1 12 (6.2) 3(25.0) 3.4 (0.8-14.8)

N2 32 (16.5) 12 (37.5) 5.1 (1.6-16.6)

N3 2(1.0) 0 (0.0) -

NX or missing 3(1.5) 0 (0.0) -

Recurrent 104 (53.6) 18 (17.3) 2.4 (0.7-7.6) o12l
Laryngeal dysfunction

No 179 (92.3) 34 (19.0) 1.0 (referent)

Yes 15 (7.7) (13.3) 0.7 (0.2-2.6) 574
Tumor site

Glottic/subglottic 102 (52.6) 14 (13.7) 1.0 (referent)

Supraglottic 56 (28.9) 11 (19.6) 1.4 (0.7-2.9)

Hypopharynx 21(10.8) 7 (33.3) 2.4 (1.1-5.3)

Other 15 (7.7) 4(26.7) 1.9 (0.7-5.1) 771
Pathologic diagnosis

SCCA 177 (91.2) 34 ( 1.0 (referent)

Other 17 (8.8) 2 (11 0.6 (0.2-2.3) 428
Type of surgery

TL 147 (75.8) 24 (16.3) 1.0 (referent)

TL + partial pharyngectomy 26 (13.4) 5(19.2) 1.2 (0.5-2.8)

TLP 21 (10.8) 7 (33.3) 2.0 (1.0-4.1) 212l
Type of reconstruction

None 143 (73.7) 23 (16.1) 1.0 (referent)

Patch 28 (14.4) 6 (21.4) 1.3 (0.6-3.0)

Circumferential 23 (11.9) 7 (30.4) 1.9 (0.9-3.9) .269
Neck dissection

No 73 (37.6) 12 (16.4) 1.0 (referent)

Yes 121 (62.4) 24 (19.8) 1.2 (0.6-2.3) 553
Thyroidectomy

No 88 (45.4) 20 (22 1.0 (referent)

Yes 106 (54.6) 16 (15.1 0.7 (0.4-1.2) 1740
Subglottic/tracheal resection

No 87 (44.9) 7 (19.5) 1.0 (referent)

Yes 107 (55.2) 9 (17.8) 0.9 (0.5-1.6) 751
Timing TEP

Primary 119 (61.3) 8 (15.1 1.0 (referent)

Secondary 75 (38.7) (24 1.6 (0.9-2.9) 125l
Type of TEP

OR 168 (86.6) 33 (19 1.0 (referent)

TNE-TEP (clinic) 26 (13.4) 3(11.5) 0.6 (0.2-1.8) .299
Radiotherapy

None 17 (8.8) 0 (0.0) -

Preoperative 114 (58.8) 19 (16.7) -

Postoperative 63 (32.5) 17 (27.0) - .029*
Radiation before TEP

No 64 (33.0) 10 (15.6) -

Yes 130 (67.0) 26 (20.0) 1.4 (0.6-3.0) 456
Radiation fields

None 17 (8.8) 0 (0.0) -

Narrow-field 43 (22.2) 6 (14.0) -

Conventional 3D conformal 91 (46.9) 22 (24.2) -

IMRT 34 (17.5) 7 (20.6) -

Missing 9 (4.6) 1(11.1) - 147
>1 course radiation

No 183 (94.3) 34 (18.6 1.0 (referent)

Yes 11 (5.7) 2(18.2 1.0 (0.3-3.6) 973
Radiation dose

Mean (SD) 57.2 (21.0) 64.5 (4.8) 1.2 (1.0-1.4)" 012l

Missing 31 (16.0) 6 (19.4) -

(Continued)
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Table 2. Disease and treatment variables (Continued).

Total no. (%)

Enlarged TEP no. (%)

Unadjusted RR (95% CI) LR-test p value

Chemotherapy

None 107 (55.2)

Preoperative 31 (16.0)

Postoperative 56 (28.9)
Locoregional recurrence or distant

metastasis after TL

No 149 (76.8)

Yes 45 (23.2)
Largest prosthetic diameter*

16-17Fr 17 (8.8)

20Fr 133 (68.6)

22 5Fr 42 (21.7)

N/A-enlarged initial fit 2(1.0)
Insertion method*

Retrograde with stick 170 (87.6)

Retrograde with expandable tube 22 (11.3)

N/A-enlarged initial fit 2(1.0)
Days dilation to 20Fr

Mean days post-TEP (SD) 70.3 (116.8)
Length of follow-up

Mean mo post-TEP (SD) 24.0 (16.9)

15 (14.0) 1.0 (referent)
4(2.9) 0.9 (0.3-2.6)
17 (30.4) 2.2 (1.2-4.0) 033!
20 (13.4) 1.0 (referent)
16 (35.6) 2.6 (1.5-4.7) .002!
3(17.7) 1.0 (referent)
4 (18.1) 1.0 (0.3-3.0)
7 (16.7) 0.9 (0.3-3.2) 979
2(100.0) -
31(18.2) 1.0 (referent)
3(13.6) 0.7 (0.2-2.2)
2(100.0) - 584
57.4 (81.2) 1.0 (1.0-1.0) 574
30.6 (19.7) 1.3 (1.1-1.5)8 012l

Abbreviations: TEP, tracheoesophageal puncture; RR, relative risk; LR, likelihood ratio chi-square test; Cl, confidence interval, SCCA, squamous cell carcinoma; TL, total laryn-
gectomy; TLP, total laryngopharyngectomy; OR, odds ratio; TNE, transnasal esophagoscopy; IMRT, intensity modulated radiation therapy; N/A, not applicable.

*Pearson chi-square.
TRR for every 5-Gy increase in total radiation dose.

*If enlarged, largest diameter and most common insertion method before date of enlargement.

SRR for every 12 month increase in length of follow-up.
I Candidate variable for multiple logistic regression model.

radiotherapy fields than narrow-fields or intensity-
modulated radiation therapy, although this was not
statistically significant (p = .147). Total radiotherapy
dose was significantly associated with an enlarged
TEP; there was a 16% increased risk of enlarged TEP
for every 5 Gy increase in total radiation dose (p =
.012). Chemotherapy and enlarged puncture were sig-
nificantly associated (p = .033), with the highest risk
observed for patients who received postoperative
chemotherapy (RR, 2.2; 95% CI, 1.2-4.0).

Prosthetic Variables. Prosthetic variables were not sig-
nificantly associated with enlarged puncture in uni-
variable analyses (Table 2). Risk of enlarged puncture
was similar when stratified by the largest diameter of
prosthesis worn, and relative risk ratios -closely
approximated the null for 20Fr and 22.5Fr diameter
prostheses compared with 16Fr or 17Fr diameter
prostheses (p = .979). Similar findings were observed
comparing methods of prosthetic insertion (p = .584).

Multivariable Logistic Regression Model. Based on
univariable logistic regression results, 13 candidate
variables were identified (LR test p < .25) for assess-
ment in the multivariable logistic regression model
(Tables 1 and 2). After adjusting for length of follow-
up and timing of TEP, 3 variables met a priori
criteria for inclusion in the final multivariable model
(Table 3). Adjusting for length of follow-up and timing
of TEP, advanced nodal disease (N2 or N3) increased
risk of enlarged TEP 4-fold (ORagjusted, 4-3; 95% CI,
1.0-19.1), postoperative stricture increased risk 3-fold

Risk Factors for Enlarged TEP

(ORagjusted, 3.2; 95% CI, 1.2-8.6), and diagnosis of
locoregional recurrence or distant metastasis after
laryngectomy increased risk of enlarged TEP 6-fold
(ORagjusted, 6.2; 95% CI, 2.3-16.4). Postestimation
testing indicated a well-fit model (Hosmer—Lemeshow
goodness of fit, p = .849). Figure 1 illustrates the
Kaplan—Meier estimates for enlarged TEP stratified
by “high-risk” and “low-risk” patients. “High-risk”
patients are those who had any of the 3 primary risk
factors identified in the final multivariable logistic
regression model including advanced nodal disease,
postoperative stricture, and locoregional recurrence
or distant metastasis after laryngectomy.

Risk Factors for Enlarged Tracheoesophageal
Puncture in Disease-free Patients. The incidence of
enlarged puncture was 13.4% (95% CI, 7.9% to 19.0%)
in the 149 patients who remained disease-free after
laryngectomy compared with 35.6% (95% CI, 21.0% to
50.1%) in the 45 patients who developed locoregional
recurrence or distant metastasis after laryngectomy.
As a secondary analysis, we sought to evaluate risk
factors for enlarged TEP in patients who remained
disease-free after laryngectomy. Univariable regres-
sion models restricted to disease-free patients indi-
cated that radiation dose (OR for 5 Gy increase in
total dose, 1.3; 95% CI, 0.9-1.7), postoperative stric-
ture (OR, 3.6; 95% CI, 1.3-10.1), and length of follow-
up (OR for 12-month follow-up, 1.9; 95% CI, 1.4-2.7)
were significantly associated with enlarged TEP (LR
test, p < .05) in patients who remained disease-free
after laryngectomy.
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Table 3. Final adjusted multiple logistic regression model for enlarged TEP.

Enlarged no. (%)

Not enlarged no. (%)

Unadjusted OR (95% ClI) Adjusted” OR (95% ClI)

N classification

NO 3(8.3) 38 (24.1%)

N1 3(8.3) 9 (5.7)

N2 or N3 12 (33.3) 22 (13.9)

NX or missing 0 (0.0) 3(1.9)

Recurrent 18 (50.0) 86 (54.4)
Timing TEP

Primary 18 (50.0) 101 (63.9)

Secondary (50.0) 57 (36.1)
Recurrent cancer’

No 0 (55.6) 129 (81.7)

Yes 16 (44.4) 29 (18.4)
Postoperative stricture

No (69.4) 137 (86.7)

Yes 11 (30.6) 21(13.3)

Length follow-up (mo)

1.0 (referent) 1.0 (referent)
4.2 (0.7-24.5) 1.8 (0.3-13.2)
6.9 (1.8-27.2) 4.3 (1.0-19.1)
2.7 (0.7-9.5) 1.7 (0.4-6.7)

1.0 (referent)
1.8 (0.9-3.7)

1.0 (referent)
2.5 (1.0-5.9)

1.0 (referent)
3.6 (1.6-7.7)

1.0 (referent)
6.2 (2.3-16.4)

1.0 (referent)
2.9 (1.2-6.7)
1.0 (1.0-1.1)

1.0 (referent)
3.2 (1.2-8.6)
1.0 (1.0-1.1)

Abbreviations: TEP, tracheoesophageal puncture; OR, odds ratio; Cl, confidence interval.
*Adjusted for all variables in multiple logistic model including N classification, timing of TEP, recurrent cancer after laryngectomy, postoperative stricture, and length of follow-up.

tLocoregional recurrence or distant metastasis diagnosed after total laryngectomy.

Sensitivity Analysis using Cox Regression. A sensi-
tivity analysis was conducted using Cox regression
methods to determine the effect of using time to event
data on multivariable outcomes. The final multivari-
able Cox regression model identified the same risk
factors as logistic regression methods. The effects
of advanced nodal disease (HRagjusted, 3.2; 95% CI,
0.9-11.5), postoperative stricture (HR,gjustea, 2.1; 95%
CI, 1.0-4.4), and recurrent cancer after laryngectomy
(HRadjustea> 4-2; 95% CI, 2.0-8.9) were attenuated
approximately 25% to 35% using Cox regression
methods compared with logistic regression results.

DISCUSSION

This study represents the first comprehensive assess-
ment of preoperative, perioperative, and postoperative

Kaplan-Meier estimates
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FIGURE 1. Risk-stratified Kaplan—Meier estimates for enlarged
tracheoesophageal puncture (TEP). High-risk, patients who had
any of the 3 primary risk factors identified in the final multivari-
able logistic regression model (advanced nodal staging, postop-
erative stricture, or locoregional recurrence or distant
metastasis after laryngectomy); low-risk, patients who had none
of the 3 primary risk factors.
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risk factors for enlarged TEP. Although a number of
significant risk factors were identified in univariable
analyses, 3 risk factors remained in the final multi-
variable model after adjusting for length of follow-up
and timing of TEP; these included advanced (N2 or
N3) N classification, postoperative stricture, and diag-
nosis of locoregional recurrence or metastatic cancer
after laryngectomy. Empirical and statistical evidence
also supports an association between radiotherapy
and enlarged TEP, despite our inability to include
this factor in the multivariable analysis as enlarged
TEP only occurred in irradiated patients. Other
notable variables that may have a marked effect on
the tendency of the TEP to enlarge are hypopharyng-
eal disease, total laryngopharyngectomy, and pre-
operative nutritional deficiencies, all of which were
identified as potential risk factors in univariable
analyses.

Advanced nodal disease stage (N2 or N3) elevated
risk of enlarged TEP 4-fold, even after adjusting for
other significant risk factors. In this study, postopera-
tive radiotherapy was significantly more common
in those with advanced nodal stage. Postoperative
radiation also significantly increased the risk of
enlarged TEP in this cohort and it is, therefore, possi-
ble that nodal staging represented the effects of
postsurgical radiation in the multivariable model.
In addition, extended neck dissections required for
patients with advanced nodal disease might have
been associated with greater devascularization of
the pharyngeal tissues perioperatively, predisposing
to TEP enlargement. In any case, nodal staging is
clearly known before surgery and may provide a
simple preoperative indicator of risk for enlarged
TEP.

Postoperative stricture was associated with a
3-fold increased risk of enlarged TEP in the adjusted
multivariable model. Similar mechanisms of normal
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tissue toxicity may underlie postsurgical complica-
tions such as stricture and enlarged TEP. In addition,
it is well documented that pharyngoesophageal
pressure gradients during swallowing change after
laryngectomy.'®3 Stricture further compounds these
changes and contributes to heightened intraesopha-
geal pressures which, when generated against an
already compromised fistula, conceivably increase the
risk of enlargement. Although most strictures are
diagnosed postoperatively, early identification of stric-
ture before TEP may help to prevent TEP enlarge-
ment. A careful interview will often elicit symptoms
such as difficulty swallowing pills or solid foods as an
indication of the need for radiographic or endoscopic
evaluation to rule out stricture. When detected,
treatment of stricture should be considered before
secondary TEP.

The results of this study confirm the close associa-
tion between recurrent cancer after laryngectomy and
enlarged puncture. Although not the focus of their
analyses, other authors have also acknowledged this
potential relationship.*?** The 6-fold higher risk of
enlarged TEP in patients who developed locoregional
recurrence or distant metastasis after laryngectomy
was not explained by local effects of recurrence as
only 2 patients developed recurrence in close proxim-
ity to the TEP site. Most recurrences were in the
neck or lung. The pathophysiology of enlarged TEP in
cases of remote recurrence remains unclear. Although
the effects of systemic chemotherapeutic agents may
play a role in enlargement, other factors must also be
considered because enlarged TEP actually preceded
the diagnosis of recurrence in 9 patients. These
patients exhibited symptoms of enlarged TEP before
beginning systemic treatments for recurrent cancer.
It is, therefore, possible that metabolic or systemic
effects associated with the cancer itself may contrib-
ute to TEP enlargement. These findings reinforce the
need to closely monitor for TEP-related complications
in patients with recurrent disease after laryngectomy.
Equally important, careful assessment of disease sta-
tus is warranted in patients who exhibit an enlarged
puncture, as these data suggest that retractable leak-
age around the prosthesis may be an early indicator
of recurrent cancer in select cases.

In this cohort, more than 90% of patients received
radiotherapy, which is known to cause inflammation
and chronic fibrosis.?>2% Although the time post-radi-
ation varied widely among enlarged TEP cases (2
days—16.2 years), it was not surprising that enlarged
TEP occurred exclusively in irradiated patients (p =
.039). The risk of enlarged TEP was highest in
patients who received postoperative RT. This was
unexpected, as current literature”?”?® finds elevated
complication rates in salvage laryngectomy cases in
whom definitive radiotherapy doses are traditionally
higher than postoperative doses. Our finding, however,
may be better explained by the difference in fields tar-
geted for definitive versus postoperative radiation

Risk Factors for Enlarged TEP

delivery as opposed to differences in dose. Conven-
tional postoperative radiotherapy delivers intermediate
dose (54-57 Gy) to the entire surgical scar inclusive of
the stoma and TEP site. In contrast, minimal esopha-
geal dose is delivered in definitive fields. Effects of
higher radiation doses delivered locally to the TEP in
the postoperative setting may contribute to the higher
incidence of enlarged TEP in these cases.

In addition to the 3 risk factors identified in
the multivariable model, hypopharyngeal primary
tumors, total laryngopharyngectomy, and preopera-
tive nutritional deficiencies were associated with
increased risk of enlarged TEP in univariable analy-
ses. These results support those of other investigators
who have found that extended laryngectomy is
strongly associated with TEP complications.2”?° In
our cohort, hypopharyngeal tumors and laryngophar-
yngectomy were significantly associated with
enlarged TEP and the 3 significant risk factors identi-
fied in the multivariable model. Cross-tabulations
indicated that postoperative stricture (p = .003) and
advanced N classification (p < .001) were significantly
more common in patients with hypopharyngeal dis-
ease, and recurrence after laryngectomy was signi-
ficantly more common in patients who underwent
laryngopharyngectomy (p = .007). Although non-
significant, preoperative serum album depletion and
underweight BMI ratings also placed patients at
increased risk of enlarged TEP. Nutritional deficien-
cies are known to negatively impact postoperative
healing.®® It is also possible that patients with low
BMI have a thin TE party wall, further predisposing
to TEP enlargement; however, additional research is
needed to clarify this relationship.

Our institutional practice of delaying TEP in
patients perceived as high risk for postoperative
complications due to factors such as severe radiation
sequelae, malnutrition, or extended resection may
have contributed to the higher incidence of enlarged
TEP observed after secondary puncture. For instance,
secondary TEP was significantly more common than
primary TEP for patients in this cohort who under-
went total laryngopharyngectomy (» < .001) or
salvage laryngectomy after definitive radiotherapy or
chemoradiotherapy failure (p = .018). Similarly, the
nonsignificant decreased risk of enlarged puncture
observed when secondary TEP was performed in the
outpatient clinic (RR, 0.6; 95% CI, 0.2-1.8) may have
been a function of selection bias because more com-
plex cases were performed in the operating room. As
such, our results regarding timing (primary vs sec-
ondary) and type of procedure (operative vs TEP in
clinic) should be interpreted with caution in the con-
text of potentially confounding factors that contribute
to these clinical decisions.

Large diameter prostheses and expandable inser-
tion tubes have been implicated as risk factors for
enlarged punctures.*® This analysis, along with our
previous systematic review,® found no statistically
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significant associations between use of a large diame-
ter prosthesis (20Fr or 22.5Fr) and enlarged punc-
ture. Beyond a lack of statistical significance, it was
surprising that we observed no measurable differen-
ces in the incidence of enlarged puncture when strati-
fied by prosthetic diameter and these relative risks
closely approximated the null. Furthermore, these
data are the first to statistically compare the effect of
prosthetic insertion methods on TEP enlargement.
Neither use of an expandable loading tube for pros-
thetic insertion nor large diameter prostheses were
found to significantly increase risk of enlarged TEP.
These data suggest that relative to oncologic and
medical variables, prosthetic factors play little role in
the risk of developing an enlarged puncture.

This study benefits from the close postoperative
follow-up required for routine TEP management
which, along with a prospective institutional TEP
database and comprehensive EMR, strengthened our
ability to obtain complete data despite a retrospective
study design. Limitations, however, are inherent to
retrospective observational studies. Length of follow-
up varied among patients in this cohort, but all
patients met a priori inclusion criteria of at least 3
months follow-up and the majority of the cohort was
followed beyond 2 years. Furthermore, multivariable
logistic regression models were adjusted for length of
follow-up and similar results were obtained using Cox
regression methods to account for time to event data.
In addition, the influence of perioperative complica-
tions such as hematoma, blood loss, and pharyngocu-
taneous fistula was not analyzed in this study.
Despite these limitations, our observational findings
were enhanced by a large sample size, a clear case
definition, inclusion of preoperative, perioperative,
and postoperative risk factors, and the use of multi-
variable analysis methods.

CONCLUSION

A paramount goal of surgical prosthetic voice resto-
ration is prevention of enlarged TEP which begins
with identification of high-risk patients. This multi-
variable analysis found 3 primary risk factors that
may help to identify high-risk patients including
advanced N classification, postoperative stricture,
and locoregional recurrence or metastatic cancer af-
ter laryngectomy. Additional factors that are impor-
tant to consider when assessing patients for TEP
are radiotherapy, preoperative nutritional status,
hypopharyngeal disease, and laryngopharyngectomy.
These findings underscore the multifactorial nature
of the problem and help to dispel suppositions that
prosthetic diameter and insertion methods are key
risk factors for enlarged puncture. Instead, the mere
presence of a foreign body in a field compromised by
medical and oncologic factors likely predisposes to
enlargement of the fistula. Finally, preliminary evi-
dence suggests that enlarged TEP may be an early
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sign of tumor recurrence in some cases, and height-
ened surveillance is indicated in the presence of this
complication.
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