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Role of Reflux in Tracheoesophageal Fistula Problems
After Laryngectomy

Kai J. Lorenz, MD; Laura Grieser; Theresa' Ehrhart; Heinz Maier, MD

Ohbjectives: The purpose of this 2-year prospective nonrandomized study was to investigate the relationship between
pathological supraesophageal reflux and the occurrence of speech fistula complications, especially severe fistula enlarge-
ment, in patients who underwent total laryngectomy and prosthetic voice restoration,

Methods: We objectively assessed the presence of reflux disease using 24-hour dual-probe pH monitoring in 60 laryn-
gectomized patients, correlated the incidence of tracheoesophageal fistula complications with the severity of reflux, and
assessed the risk of problems by determining the absolute number of reflux events at the level of the speech fistula, the
reflux area index score, and the DeMeester score.

Results: All patients with fistula enlargement showed highly pathological results in the diagnostic tests for reflux dis-
ease. Depending on reflux severity, the relative risk of developing fistula complications was up to 10 times higher for
these patients,

Conclusions: We found a significant correlation between the occurrence of tracheoesophageal fistula complications and
the severity of supraesophageal reflux. Potential chronic irritation of the esophageal and tracheal mucosa can possibly
contribute fo the development of these problems. If the presence of reflux disease has been confirmed by 24-hour dual-

probe pH monitoring, patients with fistula complications should be treated with proton pump inhibitors.
Key Words: complication, pH monitoring, reflux, tracheoesophageal fistula, voice rehabilitation.

INTRODUCTION

Apart from tumor control, voice rehabilitation is a
primary therapeutic objective in patients undergoing
total laryngectomy. In the past 20 years, the use of a
voice prosthesis that is inserted into a tracheoesoph-
ageal fistula has become the treatment of choice for
the restoration of speech. The placement of a voice
prosthesis is not only a sirople surgical procedure,
but also an easy and rapid method of voice rehabili-
tation. It is associated with an excellent success rate
of 85% to 95% and a low rate of complications.!
Serious complications have been reported only in
rare cases.!* Far more common are minor compli-
cations such as crusting, fungal growth, the forma-
tion of granulation tissue leading to poor phona-
tion, transprosthetic or periprosthetic leakage, and
substantial enlargement of the tracheoesophageal
fistula.*5 Whereas minor problems such as crust
formation in the region of the speech valve, fungal
growth, granulation tissue formation, and transpros-
thetic leakage can be resolved simply by replacing
the speech valve, a periprosthetic leakage or a sub-
stantial enlargement of the tracheoesophageal fistu-

1a can be a more demanding challenge for the at-
tending physician.

Increased granulation tissue formation and tra-
cheoesophageal fistula enlargement can lead not
only to a loss of the ability to phonate, but also to
a loss of the prosthesis, and sometimes severe and
life-threatening aspiration symptoms.4® For ‘this
reason, effective management of fistula problems
is extremely important in order not only to main-
tain the patient’s ability to communicate but also to
prevent adverse effects on the overall prognosis and
quality of life.”

Because 2 of our patients showed a substantial
delay in wound healing and a persistent fistula with
severe reflux after the surgical closure of a tracheo-
esophageal fistula with a pedicled muscle flap,8 we
conducted a prospective study in order to investigate
the relationship between the presence of reflux dis-
ease and the incidence of tracheoesophageal fistula
complications.

PATIENTS AND METHODS
From March 2006 to November 2008, a total of
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TABLE 1. CHARACTERISTICS OF STUDY

PARTICIPANTS
Patient Characteristics No. of Patients
Gender
Male 52
Female 8
Age
Mean 647+78y
Range 40-81y
Follow-up period
Mean 44+37y
Range 29y
Radiotherapy
Postoperative radiotherapy 44
No radiotherapy _ ’ 16
Periprosthetic leakage
Yes 29
Atrophy 1
Enlargement (9-15 mm) i1
Enlargement (>15 mm) 7
No. of patients 31

60 laryngectomized patients (8 women, 52 men)
took part in this study after having given their writ-
ten informed consent. The study had been approved
by the ethics committee of the University of Ulm
{Ref. 06/2006). The patients were randomly se-
lected from a total of approximately 110 laryngec-
tomees who were using a tracheoesophageal voice
prosthesis and were attending the Oncology Service
of the German Armed Forces Hospital in Ulm. The

mean (£SD) age of the patients was 64.7 + 7.8 years

(range, 40 to 81 years). The mean time between lar-
yngectomy and inclusion in the study was 44 + 3.7
years.

All patients had primarily undergone voice resto-
ration with a Provox I prosthesis. At the beginning
of the study, 58 patients used a Provox I prosthe-
sis and 2 patients used a Provox Activalve prosthe-
sis. Twenty-nine of the 60 patients (48%) reported
tracheoesophageal fistula complications such as re-
current periprosthetic leakage (more than 3 times)
caused by substantial fistula enlargement or atrophy
of the membranous wall of the trachea. The mean
time between laryngectomy and the first occurrence
of periprosthetic leakage was 698 + 256.2 days.

In 18 of the 29 patients, the fistula was enlarged
to a diameter of more than 9 mm. Seven patients
presented with an enlargement to more than 15 mm.
Eleven patients had a fistula that was enlarged to a
diameter between 9 and 15 mm and was managed
more than 3 times by soft tissue augmentation with
siloxanes (Vox Implant), silicone washers, or over-
sewing. Eleven further patients showed marked at-
rophy of the membranous wall of the trachea and

Measurement of speech fistala diameter using gum elas-
tic bougies of different sizes.

continuous periprosthetic leakage with a fistula di-
ameter of less than 9 mm (Table 1).

Forty-four patients received postoperative radio-
therapy (64 to 70 Gy) to the primary tumor site and
irradiation (54 Gy) of the lymphatic drainage path-
ways. No patient underwent preoperative radiother-
apy or chemotherapy.

After having obtained fully informed written con-
sent from the patients, we conducted a thorough
photographic documentation and measured fistula
diameters at the beginning of our study. We mea-
sured the diameter of a fistula by inserting gum elas-
tic bougies of different sizes after having removed
the voice prosthesis. For this purpose, we used gum
elastic bougies (Riisch, Kernen, Germany) in sizes
from 8 to 20 mm in 1-mm increments. In patients
with oval-shaped fistulas, we additionally used nar-
row strips of millimeter paper to measure the size of
the fistula, The largest diameter of each fistula was
wsed in our study (see Figure).

The membranous wall of the trachea has a mean
thickness of approximately 8 mm. Atrophy was as-
sumed when the wall was reduced by 60% of its nor-
mal thickness (3.2 mm). We measured tracheal wall
thickness using a Provox sizer (Atos Medical, Hor-
by, Sweden). Atrophy was also assumed when a4.5-
mm Provox II prosthesis had a play of more than 1
mm in the region of the shaft.

We objectively assessed the presence of reflux
by 24-hour pH monitoring (Digitrapper, Medtronic
Xomed, Jacksonville, Florida) using catheters with
2 pH sensors spaced 10 cm apart (VersaFlex, Pro-
media Medizintechnik, Siegen, Germany). The pa-
tients were advised on how to use the measuring
system. The catheters were introduced transnasally
under surface anesthesia and advanced until pH val-
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TABLE 2, DIVISIONS INTO PATIENT GROUPS

Divisia{z Scheme Groups Range of Parameter No. of Patients Mean + 5D Median
Reflux area index score® Group 1 <6.3 8 141 £149 t
Group 2 64-30 16 2411+ 1341 22
Group 3 51-250 19 10642 £ 56.58 865
Group 4 >250 17 78032 778.37 4232
No. of reflux eventst Group 1 0-6 events 4 1£2 0
Group 2 7-25 events 16 1693452 17
Group 3 26-100 events 22 55222251 53.5
Group 4 >100 events i8 259.65 + 184,24 171
DeMeester scored Group 1 <1475 18 694352 6.25
Group 2 14.75-50 25 2904+ 11.24 236
Group 3 >50 17 25905 + 81.57 7105

*Division of patients into 4 groups according to reflux area index. Reflux area index score of less than 6.3 is considered w be normal in healthy

population.

Division of patients into 4 groups according to number of reflux events in region of tracheoesophageal fistula. 8ix or fewer reflux events is con-

sidered to be normal in healthy population.

$Division of patients into 3 groups sccording to DeM

SCOre as m

normal in healthy popuelation.

of severity of reflux. DeMeester score of less thas 14.73 s defined as

ues below 7 were measured at both measurement
sites. They were then withdrawn until a pH value
higher than 7 was recorded. In addition, transnasal
flexible endoscopy was performed 1o ensure that the
upper measurement site {marked in black) was at the
level of the tracheoesophageal fistula. The pH val-
ues were registered every 4 seconds over a period
of 24 hours. The patients used event buttons on the
recording unit to indicate mealtimes and fo record
time spent lying down. Moreover, they filled out an
event diary by hand. All values were recorded and
analyzed with PolygramNet software (Medtronic
Xomed). We determined the number of reflux epi-
sodes in terms of pH drops below 4 in the distal and
proximal esophagus, the reflux area index (RAD
score at a pH level of less than 4, and the DeMeester
scote. In the literature, an RAI score of less than
6.3 is considered to be normal in a healthy popula-
tion. %1% Since reflux episodes in the region of the
upper esophagus and the distal pharynx are brief-
er in duration and fewer in frequency than those in
the region of the distal esophagus, the usual reflux
parameters and scores are of limited usefulness for
these sites. An RAI score of 4 is the reflux area un-
der the curve for all episodes with a pH of less than
4 recorded during a specific time interval divided by
the duration of the time interval. It thus reflects not
only the absolute number of proximal reflux events,
but also the duration and severity of pH drops. An
RAI score of higher than 6.3 is likely to be indica-
tive of supraesophageal reflux. In addition, this in-
dex has the advantage that all artifacts and meal pe-
riods plus 3 minutes of postprandial time can be ex-
cluded from analysis so that values for actual reflux
episodes are obtained. Moreover, we reviewed the
measurement results “by hand” in order to rule out

pseudoreflux events in the region of the upper mea-
surement site. We also analyzed the absolute num-
ber of reflux events, which is an established param-
eter in the diagnosis of reflux. Six or fewer supra-
esophageal or extragsophageal reflux events per 24
hours is considered to be normal in a healthy popu-
lation 112

DeMeester scores were calculated during the en-
tire 24 hours of pH monitoring on the basis of reflux
events defined by a pH value below 4. In this study,
DeMeester scores must be evaluated with caution,
because the location of the lower measurement site
was determined not by manometry, but on the ba-
sis of pH values. Since the DeMeester score is still
commonly used in defining reflux disease, we also
placed our patients into groups according to their
DeMeester scores. A DeMeester score of less than
14.75 is regarded as normal in a healthy popula-
tion.

The patients were divided into 4 groups depend-
ing on their number of reflux episodes at the level of
the fistula and their RAI score and into 3 groups de-
pending on their DeMeester score. The groups were
then analyzed for the frequency of fistula complica-
tions and the relative risk (RR) for the occurrence
of complications (Table 2). We obtained the normal
values for the RAI, the absolute number of reflux
events, and the DeMeester score from the literature.
Other relevant values are based on an earlier study
that we performed on patients without tumors who
had otolaryngological conditions and reflux-associ-
ated symptoms. We performed 24-hour pH moni-
toring in 50 patients and correlated the severity of
otolaryngological symptoms (reflux finding score)
with the severity of reflux assessed by 24-hour pH
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TABLE 3. ABSOLUTE AND RELATIVE NUMBERS OF FISTULA COMPLICATIONS IN RELATION TO ABSOLUTE
NUMBER OF SUPRAESOPHAGEAL REFLUX EVENTS AS PARAMETER OF SEVERITY OF REFLUX

Statistical Group | Group 2 Group 3 Group 4
Type of Fistula Complication Data ) (0-6 Events}  (7-25 Events)  (26-100 Events)  (>10 Evenis)
Periprosthetic leakage No. of complications 25% (1/4) 25% (4/16) 36% (8/22) 88% (16/18)
{n=29 Relative risk i 1.558 352
954 confidence interval 0.5320107574 0191710 13160 1.337t077.833
p NS NS 0.0239
Atrophy of membranous No. of complications 25% (1/4) 6% (1/16) 14% (3/22) 33% (6/18)
wall of trachea (n = 11) Relative risk 03 054 14
95% confidence interval 00591610 1.878 007402104019 0.1752t0 11.187
p NS NS NS
Fistula enlargement of No. of complications 25% (1/4) 12.5% (2/16) 14% (3/22) 28% (5/18)
9-15 mm (n=11) Relative risk 053 0.55 1.12
95% confidence interval 007903103546 007402104019  0.1434 10 8.827
P NS NS NS
Fistula enfargement of >15 mm  No. of complications 25% (1/4) 17.5% (3/16) 18% (4/22) 55% (10/18)
=7 Relative risk 0.75 0.7 30
95% confidence interval 0.1035t0 5436 - 0.09262 to 5.508 0.3660 10 24.590
p NS NS 0.586
Granulation tissue formation No. of complications 25% (1/4) 25% (4/16) 32% (7122) Q% (0/18)
(n=12) Relative risk i 13 0.44 .
95% confidence interval 0132010 7574 0.1625t0 10942 005010 t0 0.4074
p NS N§ 0.1818

Table also gives relative risk of occurrence of various fistula complications, together with confidence interval. Relative risk was determined by
comparing group 1 with groups 2,3, and 4 by use of 2 x 2 contingeney tables. Valug of p was caleulated with Fisher's exact test.

NS — not significant.

monitoring. We were thus able to assign an increase
in reflux values to a corresponding level of reflux
severity. These findings were transferred to tumor
patients.

In addition, patients who presented with a fistula
enlargement that required treatment (n = 18) were
compared with patients without fistula enlargement
{n = 42) in terms of the number of reflux episodes,
the RAT score, and the DeMeester score.

The group with periprosthetic leakage included
all patients who experienced periprosthetic leakage
as a result of either fistula enlargement (18 patients)
or atrophy of the membranous wall of the trachea
(11 patients). For a more precise classification, we
divided the 18 patients with fistula enlargement into
groups with a fistula diameter of 9 to 15 mm (11 pa-
tients) and with severe fistula enlargement (greater
than 15 mn; 7 patients). The occurrence of 1 or 2
discrete periprosthetic leakage events after the in-
sertion of a voice prosthesis was considered to be
normal.

Excel (Microsoft, Seattle, Washington) and In-
Stat 3.06 (Graphpad Software, San Diego, Califor-
nia) were used for statistical analysis. Depending on
reflux disease severity, we divided the patients into
groups according to the number of reflux episodes,

the RAI score, and the DeMesster score in order to
assess whether reflux promotes the occurrence of
fistula enlargement. The RR of fistula complica-
tions was determined for the various patient groups.
The RR, 95% confidence interval (CI), and p value
were calculated from 2 x 2 contingency tables and
Fisher’s exact test. .

When the distribution was not normal, a Mann-
Whitney test was used to compare patients with se-
vere fistula enlargement to patients without fistula
enlargement. The probability of error threshold was
a p value of less than 0.05.

We performed both univariate and multivariate re-
gression analyses in order to investigate whether ra-
diotherapy influenced fistula-related complications.
Analysis included both reflux disease and radiother-
apy. We used the SPSS 18 Regression Models mod-
ule. The severity of periprosthetic leakage was the
dependent variable, and the severity of reflux and
radiotherapy were the independent variables,

RESULTS

When the patients were divided into 4 groups de-
pending on the number of reflux events (see Table
2 for definitions of groups), there was a significant
increase in the occurrence of periprosthetic leakage
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TABLE 4, ABSOLUTE AND RELATIVE NUMBERS OF FISTULA COMPLICATIONS IN RELATION TO REFLUX
AREA INDEX SCORE AS PARAMETER OF SEVERITY OF REFLUX

Statistical Group 1 Group 2 Group 3 Group 4
Hpe of Fistula Complication ; Dara {Score of <6.3) (Score of 6.4-50) (Score of 51-100}  (Score of > 1)
Periprosthetic leakage No. of complications 25% (2/8) 37.5% (6/16} 58% (11119 64% (11T
{n=2% Relative risk 1.5 27 32
95% confidence interval 03861 05827 067921011426 0805410 13,115
p NS NS NS
Atrophy of membranous No. of complications 0% (0/8) 19% (3/16) 1% (2719 35% (6/17)
wall of trachea (n = 11) Relative risk 1.4 087 27
95% confidence interval 0.2315t0 8468 01570t 4.876 01732 t00.6426
P NS NS NS
Fistula enlargement of No. of complications 12.5% (1/8} 125% (2116) 26% (5/19) 18% (317
S-15mmn=10) Relative risk i 20 144
95% confidence interval 0180610 5.536 030241013227 0.2199 10 8085
p NS NS NS
Fistuly enlargement of >1S mm  No. of complications 12.5% (1/8) 0% (0/16) 21% (4/19) 12% 2/th
(n=7) Relative risk 03 1.6 0.95
93% confidence interval 0.1640 10 05646 0.2484 1o 10191 0.1720105.297
P NS N§ NS
Granufation tissue formation No, of complications 12.5% (1/8) 25% (4/16} 21% (4/19) 17% (3/17)
n=12) Relative risk 1.8 16 13
95%: confidence interval 0.2897t0 11712 0.2484 10 10.191  0.2199 to 8.085
P NS NS NS

Tuble also gives relative risk of occurrence of various fistulz complications, together with confidence interval. Relative risk was determined by
comparing geoup | with groups 2. 3, and 4 by use of 2 % 2 contingency tables. Value of p was calculated with Fisher's exact test.

from at least 25% in groups 1 to 3 to 88% in group
4. Likewise, the occurrence of atrophy of the mem-
branous wall of the trachea increased from 25% in
group | to 33% in group 4. In addition, there was a
rise in the occurrence of fistula enlargement (9 to 15
mm) from 25% in group 1 to 28% in group 4. The
occurrence of severe fistula enlargement (greater
than 15 mm) increased from 25% in group 1 t0 55%
in group 4. The RR of the occurrence of peripros-
thetic leakage increased to 1.558 (95% (I, 0.1917
to 13.160) for group 3 and 3.52 (95% CI, 1.337 10
77.833) for group 4 (p = 0.0239) when compared
with group 1. A comparison of groups 1 and 4
showed that the RR of atrophy of the membranous
wall of the trachea increased to 1.4 (95% C1,0.1752
to 11.187) and the RR of fistula enlargement to 1.12
{95% CI, 0.1434 to 8.827) for patients with a fistula
diameter of 9 to 15 mm and to 3.0 (95% CI. 0.3660
to 24.590) for patients with severe fistula enlarge-
ment {greater than 15 mm). For all patients with fis-
tula enlargement, the RR was 1.8 in group 3 (47%)
and 1.2 in group 4 (30%; Table 3). v

When the patients were divided into 4 groups de-
pending on the RAI score (see Table 2 for defini-
tions of groups), the occurrence of periprosthetic
leakage and atrophy of the membranous wall of the
trachea increased with a higher RAI score. The oc-
currence of periprosthetic leakage increased from

25% in group 1 to 64% in group 4. The occurrence
of atrophy increased from 0% in group 1 to 35% in
group 4, and that of fistula enlargement from 12.5%
in group 1 to 26% in group 3 for patients with a fis-
tula enlargement to 9 to 15 mm (Table 4).

The RR for the development of periprosthetic
leakage increased with a higher RAI score and was
3.2 for group 4 (95% CI, 0.8054 to 13.115; p value
was not significant). The RR of atrophy increased to
1.4 (95% CI, 0.2315 to 8.468) for group 2 and 2.7
for group 4 {95% CI, 0.1732 to 0.6426; p value was
not significant), and the RR of fistula enlargement
{9 to 10 mm) rose to 2.0 (95% C1,0.3024 t0 13.227)
for group 3 and 1.44 (95% CI, 0.2199 to 8.085) for
group 4. The RR for all patients with fistula enlarge-
ment was 1.6 in group 4 (83%:; Table 4).

When the patients were divided into 3 groups ac-
cording to their DeMeester scores (see Table 2 for
definitions of groups), the occurrence of the vari-
ous fistula complications again increased with high-
er scores. The occurrence of periprosthetic leakage
rose from 16.7% in group 1 to 76% in group 3 (RR,
4.2; 95% CI, 1479 to 11.988; p = 0.006). The oc-
currence of atrophy of the membranous wall of the
trachea increased from 5.6% in group 1 and 16% in
group 2 (RR, 1.7; 95% CI, 0.3076 to 9.884) to 29%
in group 3 (RR, 3.5; 95% CI, 05724 10 21.612).
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TABLE 5. ABSOLUTE AND RELATIVE NUMBERS OF FISTULA COMPLICATIONS IN RELATION TO DEMEESTER
SCORE AS PARAMETER OF SEVERITY OF REFLUX

Group 1 Group 2 Group 3

Type of Fistula Complication Statistical Data (Score of <14.75)  (Score of 14.76-50)  (Score of >30)
Periprosthetic leakage (n=29) No. of complications 16.7% (3/18) 52% (13/25) T6% (1311

Relative risk 25 42

93% confidence interval 101210 8.678 1479 to 11 988

p 0.0261 0.006
Atrophy of membranous wall of trachea No. of complications 5.6% (1/18) 16% (3/25} 29% (5/17)

in= 11} Relative risk 1.7 35

95% confidence interval 03076109884 057241021 612

P NS NS
Fistula enlargement of 9-15mm (n=11)  No. of complications 5.6% (1/18) 24% (6/235) 23%(4/17)

Relative tisk 33 28

95% confidence interval 052101020972 04772t 16.821

p NS NS
Fistula enlargement of > IS mm (n=7) No. of complications 5.6% (1/18) 12% (3/25) 23% (411

Relative risk 1.7 28

95% confidence interval 03076109884 0477210 16.821

p NS NS
Granulation tissue formation No. of complications 33.3% (6/18) 20% (5/25) 6% (1/17)

(n=12) Relative risk 07 05
95% confidence interval 0.3411t01.386  0.2961 10 0.8443
P NS NS

Table also gives relative risk of occurrence of various fistula complications, together with coufidence interval. Relative risk was determined by
comparing group } with groups 2 and 3 by use of 2 x 2 contingency fables. Value of p was calculated with Fisher’s exact test.

Likewise, the occurrence of fistula enlargement (9
to 15 mm) rose from 5.6% in group 1 to 24% in
group 2 (RR,3.3;95% CI,0.5210 10 20.972; p value
was not significant) and 23% in group 3 (RR, 2.8;
95% CI. 04772 10 16.821; p value was not signifi-
cant). In the group of patients with fistula enlarge-
ment, the RR was thus 3.2 for group 2 and 4.2 for
group 4 (Table 5).

A comparison of the 18 patients with substantial
fistula enlargement and recurrent periprosthetic leak-
age with the other patients showed that reflux dis-
ease was considerably more severe in patients with
fistula enlargement than in patients without fistula
enlargement. This finding is reflected in the absolute
numbers of reflux episodes (71.9 versus 162.2; p =
0.001}, the DeMeester scores (37.5 versus 108.3; p

=(1.004), and the RAI scores (114.1 versus 327.1.p
= 0.005; Table 6).

An analysis of the influence of supraesophageal
reflux on prosthesis life span showed that the mean
device life span was 99.1 + 34,0 days (median, 102
days) in patients with reflux symptoms and 2549
% 79.7 days (median, 221 days) in patients with-
out reflux. More specifically, the mean life span
of prostheses was 263.3 + 93.5 days (median, 232
days) in patients without reflux symptoms and with-
out periprosthetic leakage (the reason for replace-
ment was transprosthetic leakage in these cases) and
187.4 + 67.3 days (median, 179 days) in patients
with reflux symptoms and without periprosthetic
leakage. The mean device life span was 48.4 + 234
days (median, 44 days) in patients with reflux and

TABLE 6. COMPARISON OF PATIENTS WITH FISTULA ENLARGEMENT OF >9 MM (N = 18) AND PATIENTS
WITHOUT FISTULA ENLARGEMENT (N = 42) IN RELATION TO MEASURED REFLUX PARAMETERS

Supraesophageal
Reftux Events DeMeester Score Reflux Area Index Score
No No No
Enfargement Enlargement Enlargement Enlargement Enlargement Enlgrgement

Mean 7.9 162.2 375 108.3 114.} 327.1
SD () 86.8 1443 56.6 854 1381 419.3
Median 35 96 226 1047 68.7 196
p 0.001 ¢.004 0.605

Level of significance was calculated with Mann-Whitney test (significance at 95% Jevel).
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TABLE 7. PROVOX Il PROSTHESIS LIFE SPAN IN PRESENCE OR ABSENCE OF REFLUX

Prosthesis Life Span With Reflux {d)

Prosthesis Life Span Withous Reflux (d)

Mean + 5D Median Mean + 5D Median p
Al patients 99.1 340 102 2549797 221 a.ool
Patients with transprosthetic leakage 1874+673 179 26331935 232 005
Patients with periprosthetic leakage 4841234 44 79.5£492 81 0.01

Statistical significance wag determined with Mann-Whitney test. Probability of error threshold was p value of less than 0.05.

periprosthetic leakage and 79.5 % 49.2 days (medi-
an, 81 days) in patients with periprosthetic leakage
and without reflux (Table 7).

There was no difference between patients with re-
flux and patients without reflux in the formation of
biofilms or the growth of Candida species on pros-
thesis surfaces. Three patients (1 with a fistula en-
larged to more than 15 mm and 2 with fistulas en-
larged to less than 15 ram) with periprosthetic leak-
age showed a stenosis from scar tissue formation in
the region of the pharyngoesophageal segment and
an increased flow rate in the region of the speech
fistuta.

Minor periprosthetic leakages were seen in 8 of
the 44 patients (18.2%) who underwent postopera-
tive radiotherapy. Major leakages (fistula enlarge-
ment to 9 to 15 mm) were observed in 8 patients
(18.2%). These latter patients required more than 3
interventions, including soft tissue augmentation,
oversewing, and the placement of a purse-string su-
ture. In 13.6% of the irradiated patients, the fistu-
1a was enlarged to a diameter of more than 15 mm.
In the 16 patients who did not receive radiothera-
py. minor leakages were seen in 3 patients (18.75%)
and recurrent periprosthetic Jeakages were seen in
3 patients (18.75%) whose fistula was enlarged to a
diameter between 9 and 15 mm. Severe fistula en-
fargement (greater than 15 mm) was observed in 1
patient (6.25%; Table 8).

Both a univariate analysis and a multivariate anal-
ysis of the influence of supraesophageal reflux and
radiotherapy showed that unlike radiotherapy, re-
flux can promote the occurrence of fistula enlarge-
ment (Table 9).

DISCUSSION

The placement of a speech valve through a fistula
is the gold standard in prosthetic voice rehabilita-
tion following total laryngectomy. The insertion of a
voice prosthesis is a simple surgical procedure that
is associated with only a moderate increase in oper-
ating time, a low rate of complications, an excellent
speech rehabilitation outcome, and a success rate of
up t0 90%.!2 It is true that voice prostheses require
intensive follow-up care and must be replaced regu-
larly. However, this disadvantage is offset by the fact
that voice prostheses rapidly enable patients to use
speech again and thus aid in social reintegration.

Periprosthetic leakage in association with mod-
erate fistula enlargement is the most common rele-
vant complication reported by patients who receive
a voice prosthesis after laryngectomy. In the litera-
ture, the incidence of this complication ranges from
6% to 39%.747 In our patient population, peripros-
thetic leakage of varying severity was seen in 48%
of the cases. Risk factors identified in the literature
include hypertension, diabetes mellitus, postopera-
tive radiotherapy, trauma during prosthesis replace-
ment procedures, and pathological gastroesophageal
reflux 3479

In our patient population, we did not find a direct
relationship between the occurrence of fistula en-
largement and postoperative radiotherapy. The RR
was 0.98 for mild enlargement and 1.195 for severe
enlargement. Similar results for patients who un-
derwent postoperative radiotherapy were reported
by other research groups.?13 Three of our patients
with marked fistula enlargement, however, showed
a stenosis in the region of the neopharynx. The pres-

TABLE 8. OCCURRENCE OF FISTULA PROBLEMS AND POSTOPERATIVE RADIOTHERAPY

Irradiated Nonirradiated 95% Confidence
Patients (n = 44)  Patients(n =16} p Relative Risk Berval

No leakage or <3 interventions (n = 31) 22 (50.0%) 9 (56.25%)

Leakage (>3 interventions); fistula diameter 8 (182%) 3 (18.75%) NS 098 0.6641 10 1.476
of <9 mun; atrophy (n = 11)

Fistula enlargement; fistula diameter of 8 (18.2%) 3(18.75%) NS 098 0.6641 10 1476
9-18 mm (n =11}

Fistula enlargement; fistula diameter of 6 (13.6%) 1 (6.25%) NS 1.195 0.8453 10 1.691

>dmmin=T
Relative risk was determined by comparing irradiated and nonirradiated patients with use of 2 x 2 contingency tables and Fisher's exact test.
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TABLE 9. UNIVARIATE AND MULTIVARIATE ANALYSIS
OF INFLUENCE OF SUPRAESOPHAGEAL REFLUX
AND RADIOTHERAPY ON DEVELOPMENT OF

FISTULA ENLARGEMENT
No.of p
Variuble Patients {Unrivariate) (Multivariate)
Supracsophageal reflux 0.045 007
{No. of events)
Enlargement 56 (93%)
No enlargement 4 (7%)
Supraesophageal reflux 0022 0.019
(reflux area index score)
Enlargement 52 (87%)
No enlargement 8 (13%)
Supraesophageal reflux 0.02 0.018
{DeMeester score)
Enlargement 42 (70%)
No enlargement 18 {30%)
Radiotherapy 0.505 0.67
Enlargement 44 (73%)
No enlargement 16 (27%)

ence of stenosis in this region is associated with a
marked flow rate increase during swallowing. The
resulting pressure peaks can cause periprosthetic
leakage.? Patients with supraesophageal reflux did
not show increased biofilm formation.

Laryngopharyngeal reflux is a disease that has
become a major focus of attention in the field of
otolaryngology. The diagnostic gold standard is 24-
hour dual-probe pH monitoring, Treatment is usu-
ally medical, with proton pump inhibitors, and can
include laparoscopic fundoplication in severe cases
or in cases refractory to therapy with proton pump
inhibitors.14-16

In the present study, there was no correlation be-
tween diabetes melilitus, hypertension, or postopera-
tive radiotherapy and an increased risk of fistula en-
largement with periprosthetic leakage. The situation
is different for supraesophageal reflux. Our study
confirmed earlier results reported by our working
group and other research groups, according to which
patients with laryngeal carcinoma show an increased
incidence of pathological reflux.!”-20 Smoking and
alcohol use have been identified as major causes 2!
In addition, typical anatomic changes after laryngec-
tomy, laryngeal nerve resection, and removal of the
larynx lead to disturbances of esophageal motility
and antireflux barriers. The tone of the upper esoph-
ageal sphincter is usually decreased, and the con-
tractility of the proximal esophagus is reduced ®

In the literature, wound healing problems in the
upper aerodigestive tract and an increased pharyngo-
cutaneous fistula rate have been repeatedly reported

in patients with reflux disease 223 To our knowl-

edge, however, a relationship between periprosthet-
ic leakage or fistula enlargement and reflux has only
been demonstrated by our working group.3? In con-
trast, evidence of a tendency toward increased gran-
ulation tissue formation, increased tracheoesopha-
geal puncture failure, and increased cricopharyngeal
stenosis or spasm has been described elsewhere in
association with supraesophageal reflux.6

Damaging effects of gastric fluid inthe region of the
esophagus have been widely documented in the liter-
ature and can range from esophageal erosion to ade-
nocarcinoma, Whereas the morphology of the esoph-
ageal mucosa provides a natural barrier to physiolog-
ical reflux events, pharyngeal and tracheal mucosae
are completely unprotected from acid exposure. Stud-
ies on extracsophageal and laryngopharyngeal reflux
showed that a few reflux episodes are sufficient to
cause massive damage.!4172324 In the literature, the
threshold for damage to the pharyngeal mucosa var-
ies from 6 to 10 reflux events per 24 hours /11220

Damage to the mucosa can be caused by the jow
pH values of gastric acid, pepsin, pancreatic en-
zymes, and bile acid 2425

Especially after postoperative radiotherapy, tu-
mor patients show reduced esophageal clearance
and have an impaired bicarbonate buffering system
in the presence of salivary gland damage induced by
radiotherapy.26 For this reason, even small amounts
of acid can cause severe damage as a result of long-
er exposure times. The damaging effects of gastric
fluid on the mucosa of the upper respiratory tract
were demonstrated in animal studies, in which la-
ryngeal granulomas?* and subglottic stenosis?® were
created.

It is unlikely that acid exposure leads to se-
vere fistula enlargement and subsequent atrophy
of the membranous wall of the trachea and thus to
periprosthetic leakage on the esophageal side of the
fistula. This would require long and frequent expo-
sures, which were not seen in our patient population
despite clearly pathological values.

By contrast, the mucosa on the trache‘ai side of
the fistula may be exposed to gastric fluid passing
through the tracheoesophageal fistula. The respira-
tory epithelium in the region of the trachea does not
possess protective mechanisms against gastric acid
exposure. As a result, the mucosa can be damaged
by both a low pH value and proteolytic enzymes
such as pepsin and trypsin, which are components
of gastric juice.?S The effects of these enzymes last
for up to 1 hour after exposure. In addition, it is pos-
sible that reflux-induced damage is increased by mi-
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cro-injuries to the mucosa of the tracheoesophageal
fistula during prosthesis replacement procedures.

A comparison of our patient groups in terms of
the frequency and severity of reflux episodes shows
that patients with severe sapraesophageal reflux dis-
ease experienced significantly more problems in the
region of the fistula, such as granulation tissue for-
mation, periprosthetic leakage, and severe fistula
enlargement. This is reflected not only in the results
for the RAI, which is currently regarded as the most
sensitive parameter for detecting esophageal and
extracsophageal reflux episodes, but also in the ab-
solute numbers of reflux events and the DeMeester
scores. 0! In addition, all patients with marked fis-
tula enlargement were found to have pathological
refiux.

Qur study also demonstrated that the life span
of voice prostheses was reduced in patients with
reflux. This effect, however, can at least partially
be explained by the enlargement of the speech fis-
tula that is often seen in these patients and that re-
guires removal or replacement of the prosthesis for
the management of leakage. Periprosthetic leakages
should be managed by use of a specific algorithm.
Patierits with periprosthetic leakage and a fistula di-
ameter of less than 12 mm should be treated with
oral antireflux medications and a silicone washer’
or soft tissue augmentation.* In patients with larger
fistula diameters, it is usuvally impossible to leave
the voice prosthesis in situ. In these cases, we rec-
ommend the removal of the prosthesis, the inser-
tion of a cuffed tracheal cannula to prevent aspira-
tion, and the placement of a nasogastric feeding tube
or a percutancous endoscopic gastrostomy tube to
maintain nutrition. Treatment should then consist of
high doses of antireflux medications and injections
of granulocyte colony-stimulating factor in order to
encourage shrinkage of the fistula. If this treatment

fails, the fistula must be closed with a pedicled or
free flap. The speech fistula can be recreated after 3
to 6 months 5

The purpose of this study was to investigate the
relationship between the severity of reflux and the
occurrence of tracheoesophageal fistula complica-
tions following laryngectomy. We studied objec-
tive reflux parameters using 24-hour dual-probe pH
monitoring and found a clear relationship between
the severity of reflux and the extent and frequency
of fistula complications. A study population of 60
patients and the objective assessment of reflux epi-
sodes using dual-probe pH monitoring allowed us to
draw concrete conclusions about the role of reflux
in the development of fistula complications. Against
this background, a prospective study should investi-
gate whether patients with fistula problems and re-
flux benefit from treatment with antireflux medica-
tions.

In our opinion, the results that we obtained for
patients with severe fistula problems justify prophy-
factic antireflux treatment with proton pump inhibi-
tors, which is also recommended by Pattani et al® for
patients with tracheoesophageal puncture failure.

CONCLUSIONS

This study demonstrated beyond doubt that there
is a direct relationship between the severity of reflux
and the occurrence of fistula problems, especially
periprosthetic leakage. For this reason, prophylactic
treatment with antireflux medications appears to be
Jjustified in all laryngectomized patients with recur-
rent or severe fistula complications.

In addition, we recommend that patients eay-
marked for laryngectomy undergo preoperative 24-
hour pH monitoring. Patients at risk can thus be
identified and can receive antireflux treatment at an
early stage.
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