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Abstract: Background. Leakage around the indwelling voice

prosthesis is an annoying complication of tracheoesophageal

speech.

Methods. Twenty patients, who experienced peripheral leak-

age of the tracheoesophageal fistula, were treated with a purse-

string suture. Our aim was to get the patients free of leakage

without losing their voice prosthesis. The technique was consid-

ered successful if this objective was reached and unsuccessful

if eventually closure of the fistula was required.

Results. Immediately after the procedure, no patients

showed residual leakage. At 1 month, 2 patients experi-

enced recurrent leakage. At a mean follow-up of 19.4

months, the method was successful in 16 patients and

unsuccessful in 4 patients.

Conclusions. If peripheral leakage is not amenable to simple

downsizing of the indwelling voice prosthesis, we feel the purse-

string suture is the first-choice treatment because of its safety,

efficiency, low cost, and ease of application. VVC 2007 Wiley

Periodicals, Inc. Head Neck 30: 485–491, 2008
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Since the introduction of the first reliable voice
prosthesis by Blom and Singer in 1979, tracheo-
esophageal puncture is nowadays the most widely

used procedure for vocal rehabilitation after total
laryngectomy.1,2 Although success rates of long-
term tracheoesophageal speech are 70%3 to
95%,4 complications are not uncommon and range
from 20% to 72%.5 Progressive enlargement of
the tracheoesophageal fistula resulting in sali-
vary leakage around the prosthesis and aspiration
is 1 of the main serious problems, occurring in 7%
to 42% of the patients.3–7

This dilation of the fistula is attributed to sev-
eral factors. Some authors mention that previous
radiotherapy increases the risk of fistula enlarge-
ment,4,7,8 while others say that it has no influence
on complication rates.5,6,9 Mechanical trauma,
caused by excessive prosthesis size and weight or
frequent prosthesis replacement, is 1 of the sug-
gested yet unsubstantiated causative factors.7

Effects of downsizing prosthesis diameter and
methods for prevention of yeast-induced prosthesis
replacements are being investigated as measures to
prevent peripheral leakage.10

In most patients, downsizing prosthesis length
is an efficient way to solve the problem.2 For
patients who had satisfactory speech results with
the voice prosthesis before the leakage and could
not be helped by downsizing, several techniques
have been applied to maintain the tracheoesopha-
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geal fistula. The most widely used procedures are
temporary removal of the prosthesis to allow the
fistula to shrink6,8,11 and cauterizing the fistulous
tract with silver nitrate or by electrocautery to
help in fistula narrowing.11,12 Gax-collagen (Col-
lagen Corp., Palo Alto, CA),13 Hylaform (Genzyme
Corporation, Cambridge, UK, and Inamed Aes-
thetics, Santa Barbara, CA),14 autologous fat15,16

or Bioplastique (Uroplasty BV, Geleen, The Neth-
erlands)17–19 injection into the fistula wall to
increase its thickness, local injection of granulo-
cyte-macrophage colony stimulating factor20 and
application of a submucosal purse-string suture
are more recent techniques.2,21 When none of
these methods is successful, the only option is clo-
sure of the tracheoesophageal fistula. Once the
prosthesis is removed, spontaneous closure occurs
in the minority of the cases. If the fistula does not
close spontaneously, surgical closure is indicated,
occasionally with muscular or dermal graft in-
terposition.11,22–24 Repuncture afterward is possi-
ble.1,17

Recently, a submucosal purse-string suture
around the fistula has often been applied.2 Leak-
age is assumed to be stopped initially by applica-
tion of the suture; and subsequent fibrosis as a
result of the reaction of the tissue to the suture
material is suggested to prevent further leak-
age.21 The aim of this study was to evaluate the ef-
ficiency of this procedure in a series of 20 patients
and to compare it with success rates of other tech-
niques.

PATIENTS AND METHODS

From 2001 until 2005, 21 patients (19 men and 2
women) with peripheral leakage of the voice pros-
thesis were considered for treatment with a sub-
mucosal purse-string suture in our hospital. In 1
of the 21 patients, the placement of the suture was
impossible because the stoma was too small. He
was excluded for further statistics. In total, 30
purse-string sutures were applied in 20 patients.
Mean follow-up was 19.4 months (range, 0.9 to
54.9). To give some idea of the relative frequency
of the occurrence of peripheral leakage, it may
help to know that during that same period, 211
patients underwent a total laryngectomy in our
department.

All the patients were smokers, with an average
smoking history of 34 pack-years. Twelve patients
were addicted to alcohol. Mean alcohol consump-
tion in these patients was 12 units a day. Thirty

percent had comorbidity such as hypertension or
diabetes. Mean age at diagnosis was 58 years.

All patients underwent a total laryngectomy
because of a squamous cell carcinoma. Eight
patients had initially been treated with radiation
therapy (dose ranging from 50 to 70 Gray locally
and 46 to 70 Gray regionally), but subsequently
needed a total laryngectomy because of recurrent
disease. The other patients received postoperative
radiotherapy (dose ranging from 50 to 70 Gray
locally and 50 to 70 Gray regionally). More details
on tumor localization and surgical procedures are
displayed in Table 1.

In 17 patients, the voice prosthesis was
inserted at the time of laryngectomy, and 3
patients underwent secondary tracheoesophageal
puncture. The number of voice prosthesis inser-
tions before the suture sling ranged from 2 to 71
(mean, 13). One patient used a Provox1 (Atos
Medical, Hörby, Sweden), and all the others used
a Provox2 (Atos Medical) voice prosthesis at the
time of intractable leakage.

When peripheral leakage occurred, downsiz-
ing of the voice prosthesis was tried first. The
delay between tracheoesophageal puncture and
the occurrence of peripheral leakage intractable
by downsizing varied from 2.7 to 115.9 months
(mean, 39.7 months).

In all patients, a clinical examination was car-
ried out first to assess the peripheral leakage and
to exclude any defect of the voice prosthesis itself
(central leakage) or recurrent disease causing the
problem. Leakage was confirmed when upon swal-
lowing some water the liquid was observed to pool
around the voice prosthesis. Patients received a
purse-string suture 1 to 232 days after observa-
tion of untreatable peripheral leakage.

Recurrent (peripheral or both peripheral and
central) leakage after the purse-string suture was
in most cases treated by inserting a new voice
prosthesis (mostly shorter, in 1 case longer). In
1 patient, removal of some granulation tissue
solved the problem. Two patients were immedi-
ately treated with a second purse-string suture.
Three patients had their fistula closed after recur-
rence of the peripheral leakage.

Surgical Procedures. The suture slings were
applied by the same surgeon (VVP) in all the
patients. The procedure can be performed with
the patient under local anesthesia. Yet 55% of the
purse-string sutures were placed with the patient
under general anesthesia, mostly because of tech-
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nical access problems (the fistula situated too
deep in the stoma, stoma too narrow). No antibi-
otic prophylaxis was administered.

In 18 patients, a Mersutures (Johnson & John-
son, New Brunswick, Canada) 2/0 or 3/0 was used
for the first suture sling; in the other 2 patients, a
Prolene (Johnson & Johnson) 2/0 and 3/0 suture.
The old voice prosthesis remained in situ through-
out the procedure and was grasped with a clamp
in order to modify the position of the tracheo-
esophageal septum according to the surgeon’s
needs. After making a small incision in the tra-

cheal mucosa, the needle was inserted submuco-
sally at the 12 o’clock position. Depending on the
situation, 4 or 5 needle entries around the tra-
cheoesophageal fistula were needed, the needle
always reinserting where it had come out, always
after deepening this point with fine scissors, so
that the suture disappeared completely submuco-
sally. When the point of first entry was reached
again, a knot was tied and buried submucosally
(Figures 1A and 1B and 2).

In 1 patient, the procedure was impossible
because the stoma was too small, in 1 patient it

FIGURE 1. (A) Reinsertion of the needle where it has come out. (B) The knot is tied. [Color figure can be viewed in the online issue,

which is available at www.interscience.wiley.com.]

Table 1. Tumor and treatment characteristics.

Patient Tumor localization Piriform sinus involvement Therapy Neck dissection Radiation therapy

1 Supra 1 TL 1 PP 1 PMF Unilateral Postop

2 gl 1 supra 2 TL Unilateral Preop

3 trans 1 TL 1 PP 1 PMF Bilateral Postop

4 gl 1 supra 1 TL 1 PP 1 PMF Bilateral Preop

5 Trans 1 TL 1 PP 1 PMF Unilateral Postop

6 Trans 1 TL 1 PP 1 PMF Bilateral Preop

7 gl 1 sub 2 TL Bilateral Postop

8 gl 1 sub 2 TL Bilateral Postop

9 gl 1 supra 1 TL 1 PP 1 PMF Unilateral Preop

10 gl 1 sub 2 TL No Postop

11 gl 1 supra 1 TL 1 PP 1 PMF Bilateral Postop

12 Supra 1 TL 1 PP 1 PMF Unilateral Preop

13 gl 1 supra 1 TL 1 PP 1 RF Bilateral Preop

14 Supra 1 TL 1 PP 1 PMF Unilateral Preop

15 Trans 2 TL Bilateral Postop

16 gl 2 TL 1 PP 1 RF Unilateral Preop

17 Trans 1 TL 1 PP 1 PMF Unilateral Postop

18 Supra 2 TL Bilateral Postop

19 gl 1 supra 2 TL Unilateral Postop

20 gl 2 TL Unilateral Postop

Abbreviations: supra, supraglottic; TL, total laryngectomy; PP, partial pharyngectomy; PMF, pectoralis major flap; postop, postoperative; gl, glottic;
preop, preoperative; trans, transglottic; sub, subglottic.
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was difficult to reach the fistula, but in all the
other patients the suture was easily applied.

The procedure was carried out in the day care
facility in most patients. Immediately after place-
ment of the suture, the patients could resume
drinking and eating.

For procedures under local anesthesia, the
patients were immediately tested for residual
leakage while swallowing some water. At each fol-
lowing outpatient visit, this test was carried out.

Statistics. We assessed the time to recurrence of
peripheral leakage over an average period of 19.4
months by means of the Kaplan-Meier method.25

Data were collected prospectively.
Using the date of application of the suture as

starting point, the end point analyzed was the
date of recurrence of leakage. We also assessed
the time to recurrence of leakage intractable by
simple measures such as prosthesis size modifica-
tion, new purse-string suture, or granulation tis-
sue removal. Patients with no recurrent leakage
or dying during follow-up were censored at the
last observation date. When after recurrence a
second, third, or fourth purse-string suture was
applied, we again assessed the time to recurrence.
The presence of recurrent leakage at the fixed
time points ‘‘1 month’’ and ‘‘1 year’’ was noted as
well.

Our aim was to get the patients free of leakage
without losing their voice prosthesis. From this,
prospective results were classified as follows: (1)
successful (objective reached), and (2) unsuccess-
ful (closure of tracheoesophageal fistula required
because of recurrent leakage).

RESULTS

One patient was excluded from the study, the pro-
cedure being impossible because the stoma was
too small.

Immediately following the purse-string proce-
dure, none of the patients showed residual leak-
age. No patient developed postoperative complica-
tions.

One month after application of the purse-
string suture, 18 patients (90%) were still free of
leakage. Nine patients had a follow-up of more
than 1 year, 4 of them (44%) showed no recurrent
leakage at 1 year following the first purse-string
procedure.

The procedure was successful in 16 patients
(80%) (Table 2). Peripheral leakage in each case
stopped without loss of the voice prosthesis. One
patient discontinued use of the prosthesis for rea-
sons unrelated to leakage (inability to produce
proper speech because of lack of motivation and
dexterity). Her fistula was closed 4 months after
placement of the sling suture, and at that point,
she was censored.

Fifteen patients (75%) had recurrent leakage
0.2 to 43 months (average, 5 months) after the
suture (Figure 3). Of the 15 patients with recur-
rent leakage following the first purse-string
suture, 4 patients (27%) eventually underwent
closure of the tracheoesophageal fistula for rea-
sons of recurrent leakage, so here the suture sling
was unsuccessful.

The other 11 patients did not have their tra-
cheoesophageal fistula closed. In 10 of them, the
leakage was amenable to simple measures: the
leakage was treated with downsizing the voice
prosthesis in 6 patients and with upsizing (periph-
eral leakage due to thickening and extrusion of

FIGURE 2. Position of purse-string.21 [Color figure can be

viewed in the online issue, which is available at www.interscience.

wiley.com.]

Table 2. Results of purse-string suture.

Results (mean follow-up 19.4 mo) No. of patients

Successful 16

No further leakage observed 5

Recurrent leakage amenable to

easy treatment

11

Prosthesis size modification 3

2 purse-string sutures required 5

3 purse-string sutures required 1

4 purse-string sutures required 1

Granulation tissue removal 1

Unsuccessful 4

Closure of TEF required because

of recurrent leakage

3

Failed because of tumor recurrence 1

Abbreviation: TEF, tracheoesophageal fistula.
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the prosthesis) in 1 patient; in 2 patients a new
purse-string suture was applied. One patient
experienced recurrent leakage 15 months after
the application of the sling suture due to some
granulation tissue, which was easily removed. In
1 less fortunate patient, recurrent leakage was
the first sign of tumor recurrence.

In total, 7 patients needed a second purse-
string suture (either as a primary treatment of
recurrent leakage or after a different treatment of
the recurrence had failed), 2 needed a third, and 1
needed a fourth purse-string suture (Figure 4).

Overall, using a purse-string suture, and man-
aging possible recurrent leakage by simple meas-
ures such as size modification and a repeat purse-
string suture, 9 patients were still in follow-up
and leakage free after 1 year; 7 patients had a fol-
low-up of less than 1 year but were also leakage
free, and 4 patients experienced intractable recur-
rent leakage (Figure 5).

DISCUSSION

Tracheoesophageal puncture with the insertion of
a voice prosthesis has been widely applied follow-
ing total laryngectomy. Although this is a highly
successful procedure for voice restoration, compli-
cations are not uncommon and can be severe. Pe-
ripheral leakage of saliva or food around the pros-

thesis is 1 of the most annoying complications,
sometimes intractable by conservative measures
and requiring closure of the fistula. However, in
patients with successful voice restoration by

FIGURE 4. Leakage-free interval after second purse-string

suture (in months). Bullets indicate censored observations.

FIGURE 5. Proportion leakage-free using a purse-string suture

and managing possible recurrent leakage with conservative

treatment over time. Bullets indicate censored observations.

FIGURE 3. Leakage-free interval after first purse-string suture

(in months). Bullets indicate censored observations.
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means of the prosthesis, maintenance of the fis-
tula is a priority.

The first measure to be taken is downsizing
the voice prosthesis length. This will solve the
problem in a number of cases.2,11

A second method consists of temporary re-
moval of the prosthesis to allow the fistula to
shrink, which is successful in 53% of the cases.11

The greatest disadvantage of this technique is
that it requires hospital admission and nasogas-
tric tube feeding for several days. Some authors
report on cauterizing of the fistulous tract with sil-
ver nitrate or electrocautery. Wetmore et al men-
tion this as a successful method in all of the 5
patients treated with it.12 Périé et al8 suggest that
this method would be less efficient following radio-
therapy due to modification of microvasculariza-
tion and fibrosis, altering the regeneration of tis-
sue around the puncture site.

A third method is based on the increase of the
tracheoesophageal wall thickness by means of
injectable substances. The first product used for
this purpose was Gax-collagen,13 but because of
relatively low success rates4,11 and the risk of
transmission of Creutzfeldt-Jacob disease, it has
been abandoned. Hylaform, a colorless visco-
elastic gel, has been the next substance, but is ex-
pensive and has only been described in 1 case
report.14 Autogenous fat injection was introduced
by Laccourreye et al16 in a series of 7 patients. It
was successful in 4 patients, 3 patients required
secondary injections, and 2 of them ended up with
surgical closure of the fistula. Extrusion of the au-
togenous fat was the only complication noted.
Périé et al15 evaluated success rates of fat injec-
tion in a group of 10 patients and found complete
improvement over 10 to 61 months in 6 patients
(1 needed a second injection and 1 died of metasta-
sis 6 months later). Fourteen cases of leakage in-
tractable by downsizing or temporary removal of
voice prosthesis have been successfully treated
with injection of Bioplastique.17–19 However, in
most cases there was a recurrence of peripheral
leakage requiring a second injection 4 to 6 months
after the procedure. Further experience with this
product is needed. Granulocyte-macrophage col-
ony-stimulating factor was injected in the fistula
wall in 3 patients to increase fistula shrinkage.20

The advantage of this technique is that it can be
used when the local tissue condition (diminished
elasticity due to scarring) makes the introduction
of a shorter voice prosthesis or a suture sling
impossible. Disadvantages are the lack of experi-
ence, and the need for more than 1 injection in 2 of

the 3 described cases. Surgical closure of the fis-
tula is effective in most cases22 but should be
avoided when good speech is obtained with the
voice prosthesis.

The fourth option is the application of a sub-
mucosal purse-string suture.1,2,21 Until now, no
success rates have been published. Peeters et al21

treated 13 patients with suture slings, using a
resorbable suture (personal communication): in
10 patients this was successful; 6 of the success-
fully treated patients needed only 1 suture, 3
needed 2 sutures, and 1 needed 4 sutures. The
number of hospital admissions for shrinkage
decreased from 12 to 4. These results are consist-
ent with our observations of eventual leakage con-
trol in 16 of 20 treated patients. Advantages of the
technique are the low cost, the possibility of appli-
cation under local anesthesia, the short period of
hospitalization required, the absence of adverse
events, and the immediate relief of leakage. Local
anatomy (small size of stoma) sometimes makes
the procedure impossible, which we experienced
in 1 patient.

CONCLUSION

Application of a submucosal purse-string suture
appears to be a valuable procedure in the treat-
ment of leakage around voice prostheses. We can
recommend it in each patient who is nonrespon-
sive to downsizing, because in most cases it is easy
to perform (even under local anesthesia) and it
has a substantial success rate, is cheap, does not
require long hospitalization, and has no consider-
able side effects.
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