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A B S T R A C T

Objective: Previous research has demonstrated the safety of tracheoesophageal puncture voice prosthesis (TEP)
placement in radiated patients; however, there is a growing population of twice-radiated patients with limited
research on the outcomes of TEP-placement in this cohort.
Methods: After Institutional Review Board approval, a retrospective review of 80 patients that underwent TEP
from 2006 to 2017 at a single institution was conducted, of which 16 patients underwent two courses of ra-
diation. Outcome measures include TEP removal, complication and duration of usage.
Results: Half of twice-radiated patients had ultimate removal of their voice prosthesis with removal occurring at
a median of 24.9 months after placement. Reasons for prosthesis removal included widening tracheoesophageal
fistula, local recurrence, and dysphagia/esophageal stenosis. Nearly one-third of these patients required surgical
intervention for closure of a widening fistula. In contrast, only 17% of once-radiated patients had their prosthesis
removed with removal occurring at a median of 28.1 months. This was statistically fewer than the twice-radiated
group (p=0.02). Reasons for removal included patient preference, persistent leakage, recurrence of disease,
enlarging tracheoesophageal fistula, poor voice, and dysphagia. Eleven percent of once-radiated patients re-
quired surgical intervention for TEP-related complications (p=0.057).
Conclusion: In the twice-radiated patient cohort, there is a higher rate of TEP removal and need for surgical
intervention for a voice prosthesis-related complication as compared to a once-radiated cohort.

1. Introduction

Tracheoesophageal puncture (TEP) is a method of restoring voice in
post-laryngectomy patients. A tract is created between the posterior
tracheal wall and esophagus, and a one-way valve voice prosthesis is
inserted to allow exhaled air to enter the esophagus creating mucosal
vibrations to generate speech. The relative simplicity of performing a
TEP, the ease of which patients can learn how to use the voice pros-
thesis, the excellent voice outcomes, and the low complication rates
have made TEP the preferred method of voice restoration [1–3]. The
procedure can be performed at the same time of total laryngectomy
(primary) or in a delayed fashion (secondary) in the operating room or
in the office [4]. A recent meta-analysis concludes that the outcomes of
primary and secondary TEP are similar in terms of voice outcomes and
complication rate [5].

Many laryngeal cancers are treated with definitive radiation; how-
ever, recurrence leads to surgical salvage procedures, the mainstay of

which is the total laryngectomy. Surgical salvage is associated with
higher complication rates including pharyngocutaneous fistula, tissue
necrosis, and wound breakdown [6,7]. In patients presenting with an
advanced-stage recurrent laryngeal cancer, dual-modality treatment is
indicated which may include a second course of radiation for these
previously-radiated patients. Intensity Modulated Radiation Therapy
(IMRT) administered to patients who have previously undergone ra-
diation has been demonstrated to be an effective treatment method for
recurrent head and neck tumors and limits radiation to surrounding
structures, however treatment toxicity and morbidity remains high [8].
In addition to radiation toxicity, re-irradiation has been shown to lead
to poor wound healing, as evidenced in the high postoperative com-
plication rates including wound infection and wound dehiscence in
twice-radiated microvascular free flap patients [9].

The effect of radiation on the success of a voice prosthesis has been
studied after primary and secondary TEP. Many conclude that the
presence of radiation does not increase complications nor diminish
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speech outcomes [10–13]. However, there is an increasing population
of twice-radiated patients and currently no literature describing TEP in
this patient population. The objective of this study is to describe the
outcomes of TEP in a single-institution's cohort of twice-radiated pa-
tients and compare them to a cohort of once-radiated patients.

2. Materials and methods

After Institutional Review Board approval, medical charts were
queried for patients undergoing TEP procedure by CPT code 31611
from 2006 to 2017 at University Hospitals Cleveland Medical Center.
Records without adequate follow up (> 2 visits), inadequate doc-
umentation, and those not receiving any radiation therapy were ex-
cluded. Eighty patients who underwent TEP were included for retro-
spective chart review: 64 underwent one course of radiation (“once-
radiated”) and 16 underwent two courses of radiation (“twice-ra-
diated”). Variables included for analysis are age at TEP, radiation
timing and dose, surgery type, presence of flap reconstruction, and
adjuvant chemotherapy. The primary outcome was voice prosthesis
removal. Secondary outcomes included surgical intervention for TEP-
related complication and the duration of voice prosthesis utilization. A
two-sample t-test was used to compare incidence of voice prosthesis
removal between the twice-radiated and once-radiated patients. The
small sample size of the twice-radiated patients precluded multivariate
analysis or survival analysis.

3. Results

Eighty patients were identified and included for analysis. Ninety-
nine percent (n=79) of TEPs were performed secondarily. Sixty-four
(80%) patients received one course of radiation therapy, whereas 16
(20%) were twice-radiated. Table 1 demonstrates the clinical char-
acteristics of patients undergoing TEP. There were no statistically sig-
nificant differences in age at the time of TEP, treatment with adjuvant
chemotherapy, or presence of reconstruction with free or local flap.
Patients that received two courses of radiation underwent TEP at a
median of 7months after the second course of radiation (range
2–84months). Three patients underwent TEP before the second course
of radiation and maintained the prosthesis throughout the treatment
course. The median duration of time between surgery and TEP was 8
(ranges 1–86) months for twice-radiated patients.

Of the sixteen twice-radiated patients, eight (50%) had ultimate
removal of their voice prosthesis with removal occurring at median of
24.9 (0.7–122.2) months after placement. Fifty-percent (n=4) of those
patients had the TEP removed more than two years after placement.
Reasons for prosthesis removal included widening tracheoesophageal
fistula (n=5), local recurrence (n=2), and dysphagia/esophageal
stenosis (n=1). One patient required a re-puncture in the clinic set-
ting. Five patients (31%) required surgical intervention for closure of a
widening fistula. The twice-radiated patients that did not have their
voice prosthesis removed have a median follow up time of 41
(13.8–58.8) months.

Of the sixty-four once-radiated patients, TEP was performed at a

median 12months after radiation completion (range 0–230months)
and at a median of 5 (range 0–15) months after surgery. Twelve pa-
tients (19%) had their prosthesis removed with removal occurring at a
median of 28.1 (0.3–104.8) months. This was statistically fewer than
the twice-radiated group (p=0.02). Four of these patients maintained
the TEP for> 2 years. Reasons for removal included patient preference
(n=4), persistent leakage (n=2), recurrence (n= 2), enlarging tra-
cheoesophageal fistula (n=1), poor voice (n=1), and dysphagia
(n= 1). Seven patients (11%) required surgical intervention for TEP-
related complications (p=0.057). Table 2 describes the clinical char-
acteristics of all patients who underwent eventual voice prosthesis re-
moval. Once-radiated patients that did not have their TEP removed
have a median follow up time of 28.5months.

Twelve (75%) of the twice-radiated patients and 46 (72%) of the
once-radiated patients underwent flap reconstruction at that time of
total laryngectomy. The documentation was insufficient to determine
the exact placement of the prosthesis in relationship to the free flap
tissue.

4. Discussion

The aim of this study was to investigate the outcomes of twice-ra-
diated patients who undergo TEP. Half of these patients ultimately had
the voice prosthesis removed and a quarter required surgical inter-
vention for a widening tracheoesophageal fistula. The rate of prosthesis
removal was significantly higher and the rate of surgical intervention
was double in the twice-radiated cohort compared to the once-radiated
cohort. Previous studies have validated the safety of TEP in radiated
patients with no significant difference in complication rates between
radiated and non-radiated patients undergoing TEP [10,13]. Our voice
prosthesis removal rate in the once-radiated patients cohort (17%) was
similar to rates reported in the literature (13%) [13].

Although one course of radiation does not seem to pose a significant
threat of TEP failure, two courses of radiation in our population did
result in a higher incidence of TEP failure. The pathophysiological ef-
fects of radiation and its impact on wound healing are well known.
Fibrosis and loss of normal secretory functions are major side effects,
both of which can have a tremendous impact on proper functioning of
mucosa surrounding the prosthesis site. Radiation induces increased
vascular permeability that allows for fibrin deposition, subsequent
collagen formation, and eventual fibrosis. Salivary tissue is particularly
sensitive to radiation. The tissue degenerates after small doses of ra-
diation which leads to markedly diminished salivary output [15]. These
effects of radiation on tissue are thought to be dose-dependent [14].

The high rate of voice prosthesis-failure in the twice-radiated cohort
is likely related to the cumulative effects of the radiation and the poor
wound healing properties of the radiated tissue. The most common
cause of TEP removal was a widening tracheoesophageal fistula.
Fibrosis corrupts the elastic properties of the skin and thus affects the
skin's ability to create a tight seal around a foreign body such as a TEP
prosthesis. Fibrosis has been shown to occur as early as 4 to 12 weeks
after a single dose of 15 to 25 Gy and 36 to 48weeks after lower doses
of 5 to 10 Gy [16]. Irradiated fibroblasts demonstrate greater growth

Table 1
Clincal characteristics of patients undergoing TEP.

Twice-radiated (n=16) Once-radiated (n=64) p

Age at time of TEP [mean, (range)] 60 (43–76) years 63 (44–79) years 0.47
Free flap reconstruction 11 (69%) 39 (61%)
Local flap reconstruction 1 (6%) 6 (9%)
No flap reconstruction 4 (25%) 18 (28%)
Chemotherapy 11 (69%) 31 (48%) 0.14
Duration between surgery and TEP [median. (range)] 8 (1–86) months 5 (0–15) months
Duration between radiation and TEP [median, (range)] 7 (2–84) months 12 (1−230) months
TEP Removal 8 (50%) 11 (17%) 0.02*
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potential than fibroblasts from normal dermis and or in surgical scars
[17]. This establishes a direct relationship between radiation dose and
degree of fibrosis.

Of the five twice-radiated patients with an enlarging tracheoeso-
phageal fistula, voice prosthesis removal occurred at an average of
31.5 months; two of these patients had post-laryngectomy free flap re-
construction, one a local flap, and two primary closure. The small
sample size in this study prevents further analysis of the impact of post-
laryngectomy reconstruction on incidence of complications and doc-
umentation was not sufficient to discern if voice prostheses were placed
through flap tissue or through native radiated tissue.

Despite the higher rate of voice prosthesis removal in the twice-
radiated cohort, the duration of use before removal was similar for both
groups: 24.9months for twice-radiated versus 28.1months for once-
radiated. For the patients that did not have their prosthesis removed
within the study timeframe, the average follow-up time was 22 and
28.9 months for the twice-radiated and once-radiated cohorts, respec-
tively. Interestingly, half of the twice-radiated patients maintained the
voice prosthesis for over two years and the longest duration of use was
122months when the TEP was discontinued due to esophageal stenosis.
This demonstrates that despite high rates of removal, patients may
benefit from the voice prosthesis for a significant amount of time prior
to removal.

The major limitations of this study include its retrospective nature
and small sample size, which precludes further statistical testing. A
standardized metric of voice outcome was not regularly used, so data on
the effect of twice-radiation on voice quality was not available. A major
variable that was not reported in this study was the total radiation dose.
This is due to the lack of detailed radiation records when the patient
receives radiation at an outside institution and/or at a time prior to
electronic medical records. However, the assumption is made that those
treated with definitive radiation receive 60–70 Gy and those treated
with adjuvant radiation receive 50–60 Gy, thus twice radiated patients
receive approximately double the cumulative dose of radiation than
those in the once-radiated cohort. Another variable that was not con-
sidered in our study was acid reflux; radiated laryngectomy patients
with known reflux have higher failure rates of speech rehabilitation
[18]. Further analysis regarding the nature of TEP in relation to free
flap reconstruction may provide additional insight into this subject.

5. Conclusions

Twice-radiated patients have a significantly higher incidence of
voice-prosthesis removal compared to once-radiated patients.
Approximately one quarter of twice-radiated patients presented with an
enlarging tracheoesophageal fistula that required surgical intervention.
Despite the high rates of voice prosthesis removal, half of our twice-

radiated patient cohort received benefit from the voice prosthesis for
greater than two years. Although the average duration of TEP utiliza-
tion before prosthesis removal was similar between the once-radiated
and twice-radiated cohorts, the associated inconvenience of frequent
follow ups, poor functioning, and return to the operating room may
affect the quality of life prior to ultimate removal of the prosthesis in
the twice-radiated cohort. Alternative means of communication may be
more beneficial for this high-risk patient population. If TEP and voice
prosthesis is strongly desired, appropriate pre-procedure counseling
detailing the high rate of complications is critical.
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