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Abstract

Pharyngocutaneous fistula (PCF) is the most common complication which significantly increases morbidity. High-level
evidence is lacking that determines the PCF rates in the primary laryngectomy. The main objective of this study was to
systematically identify the factors leading to the PCF formation in primary laryngectomy. Human studies reporting at least
one risk factor for developing PCF in patients undergoing primary total laryngectomy for laryngeal cancer were included.
PubMed, EMBASE, and Cochrane databases were searched for the data extraction. Risk of bias assessment tool for non-
randomized trial tool was used. Cochrane’s Q test and Higgin’s ’-heterogeneity was applied. The Mantel-Haenszel and
DerSimonian Laird method was employed. Odds ratio was calculated for each risk factor, a P-value <0.05 was considered
as statistically significant. PROSPERO registration CRD42021248382. The meta-analysis comprised a total of 2446 patients
in 14 included non-randomized studies. The among the analyzed risk factors—comorbidities (OR 2.781, R: 1.892-4.088,
P <0.001), site of tumor (OR 4.485, R: 3.003-6.699, P <0.001), low pre-operative hemoglobin (OR 3.590, R: 2.130-6.050,
P <0.001), low pre-operative albumin (OR 2.833, R: 1.596-5.031, P <0.001), utilization of surgical staplers (OR 0.172, R:
0.064-0.460, P <0.001) (protective effect), positive mucosal margin (OR 4.92 R: 1.90-12.75, P=0.001). The risk factors
for PCF in patients undergoing primary TL included comorbidities, hypopharyngeal involvement, pre-operative hemoglobin
and albumin, stapler usage, and positive mucosal margin.

Level of Evidence - III

Keywords Laryngeal cancer - Total laryngectomy - Pharyngocutaneous fistula - Complications - Risk factors

Introduction

Laryngeal cancer is a common cancer in the world [1].
Since the last decade, there is a trend towards non-surgical
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Various factors affecting PCF such as suture material and
method of pharyngeal closure have always been suspected
but never shown to be significant. High-level evidence is
lacking that determines the PCF rates in the primary laryn-
gectomy. Here we intend to investigate the existing data to
assess the risk factors predisposing to pharyngocutaneous
fistula in patient undergoing primary total laryngectomy for
laryngeal cancer.

Methodology
Search Strategy

Based on the AMSTAR 2 guidelines, at least two databases
must be included in the search strategy to get adequate lit-
erature coverage [4]. We have included PubMed, EMBASE,
and Cochrane databases to get a comprehensive coverage of
published literature [5]. The published literature in English
between 1970 and 2020 was considered.

Search Syntax

“Laryngeal cancer,” “Hypopharyngeal cancer,” “Total lar-
yngectomy,” “Primary laryngectomy,” “Laryngectomy,”
“Pharyngocutaneous fistula,” “Salivary fistula,” “Salivary
leak,” “Pharyngeal leak,” “Complications,” “Outcomes.”
Boolean operators (NOT, AND, OR) were used in succes-
sion to obtain the results. The data was last retrieved on 10
April 2021.

Data Screening and Selection

The retrieved articles were initially screened independently
by two investigators KNR and AS, based to type of arti-
cle, title, and abstract. The eligible articles were pooled;
a thorough full-text analysis and references in the relevant
articles were further assessed by hand-searching (Fig. 1).
The articles were selected by K. N. R, A. A., and A. S.; any
disagreement on inclusion of articles was resolved by the
senior authors R. D. A. and N. M. N.

Inclusion Criteria

1. Primary laryngectomy/laryngopharyngectomy for laryn-
geal and hypopharyngeal cancer

2. Laryngeal or hypopharyngeal cancers with total laryn-
gectomy/laryngopharyngectomy (with or without neck
dissection) as a primary modality of therapy

3. Original articles published in peer-reviewed journals.

4. Study must report at least one risk factor for pharyn-
gocutaneous fistula.
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Fig.1 Study flow diagram
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Data Extraction

All included articles were independently hand screened by
two authors K. N. R. and A. S. The following study char-
acteristics were recorded: first author, year of publication,
country of origin, sample size (treatment naive primary total
laryngectomy for malignancy), type of study, pharyngocuta-
neous fistula rate (among primary laryngectomy), age, sex,
comorbidities, smoking, alcohol consumption, subsite, T
staging, N staging, pre-operative hemoglobin, pre-operative
albumin, type of pharyngeal closure (vertical/T type and
horizontal closure), stapler use, suture material use, tracheo-
esophageal prosthesis insertion, mucosal margin, and pre-
vious tracheostomy data were searched and documented
(Table 1).

Quality Assessment

Level of Evidence

The level of evidence of the eligible studies was performed
independently by two authors, as per the Oxford Centre for
Evidence- Based Medicine (OCEBM) criteria.
Methodology Quality

Methodological quality was assessed by two authors, the
Newcastle—Ottawa Scale was used for quality assessment

of the included studies. The score ranged from O to 9. The
articles with score > 5 was selected for meta-analysis.

Table 1 Characteristics of included studies

Risk of Bias Assessment

Risk of bias assessment tool for non-randomized trial tool
from AMSTAR guidelines was used to determine the bias
[4]. The following domains were assessed—selection bias,
confounding variables, intervention measurement, detec-
tion bias, attrition, reporting, and other bias. The studies
were graded as low risk, unclear risk, and high risk using
QUADAS-2 tool on RevMan v.5.4 (Cochrane collaboration,
Copenhagen, Denmark) (Figs. 2 and 3).

Statistical Analysis

Cochrane’s Q test and Higgin’s I>-heterogeneity of the
included studies by using OpenMeta and STATA software. A
P-value for heterogeneity (Ph)> 0.1 and /> < 50% indicated
nonsignificant heterogeneity, and therefore, the fixed-effects
model (Mantel-Haenszel method) was applied. Otherwise,
the random effects model (DerSimonian Laird method) was
employed. Odds ratio was calculated for each risk factor;
a P-value < 0.05 was considered as statistically significant.

Reporting and Registration

The meta-analysis was registered in International prospec-
tive register of systematic reviews (PROSPERO), registra-
tion no CRD42021248382. This work has been reported
in concordance with the PRISMA [6] (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) and

S1 No Author Year of pub-  Country Sample size Type of study PCF % Level of Newcas-
lication evidence tle-Ottawa
Scale
1 Thompson 2020 UK 114 Retrospective 7 6.14 3b 6
2 Nitassi 2016 Morocco 136 Retrospective 37 27.21 3b 6
3 Aydin 2014 Turkey 47 Prospective 14 29.79 3b 7
4 Stankovic 2012 Serbia 316 Retrospective 37 11.71 3b 5
5 Calli 2011 Turkey 182 Prospective 27 14.84 3b 5
6 Tsou 2010 China 112 Retrospective 24 21.43 3b 7
7 Goncalves 2009 Brazil 60 Prospective 13 21.67 3b 5
8 Akduman 2008 Turkey 17 Retrospective 6 35.29 3b 6
9 Wakisaka 2008 Japan 40 Retrospective 7 17.50 3b 5
10 Galli 2005 Italy 190 Retrospective 25 13.16 3b 6
11 Markou 2004 Greece 291 Retrospective 36 12.37 3b 7
12 Cavalot 2000 Italy 265 Retrospective 22 8.30 3b 6
13 Herranz 2000 Spain 471 Retrospective 99 21.02 3b 5
14 Papazoglou 1994 Greece 205 Retrospective 10 4.88 3b 5
Total 2446 364 14.88

PCF, pharyngocutaneous fistula
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Fig.3 A Forest plot for age as risk factor for PCF; B forest plot for gender as risk factor for PCF; C forest plot for comorbidities as risk factor for
PCF; D forest plot for smoking as risk factor for PCF
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AMSTAR (Assessing the methodological quality of system-
atic reviews) guidelines.

Results
Literature Retrieval and Data Extraction

The initial literature search using the predefined search syn-
tax identified a total of 753 papers. Of these, 478 remained
after deleting 275 duplicates. Upon title and abstract
screening, 388 articles were removed due to nonconform-
ity with our study. After full-text analysis of the remaining
90 articles, 67 papers were rejected due to lack of neces-
sary information needed for analysis, not meeting the cri-
teria for inclusion, or coinciding with exclusion criteria.
Finally, 14 studies were considered eligible and chosen for
meta-analysis.

Quality of Included Studies

The main characteristics of the included studies are summa-
rized in Table 1. Overall, the meta-analysis included a total
of 2446 patients in 14 included studies. Eligible studies were
either a prospective (3) or retrospective (11) cohort study
design; none of the studies was randomized controlled trial.
The studies were level 3b evidence as per the OCEBM levels
of evidence guidelines. The Newcastle-Ottawa score ranged
from 5 to 7 (Table 1). Based on the RoOBANS risk of Bias
assessment, the included studies had highest risk of selection
bias with least risk of intervention or detection bias (Fig. 3).

Overall Rate of PCF

Among the 2446 patients undergoing primary total laryngec-
tomy, 346 patients had pharyngocutaneous fistula (14.88%).
We systematically evaluated 16 risk factors to identify the
factors significantly associated with PCF. Table 2 shows the
main results of the meta-analysis.

Age

Three studies had reported the effects of age on develop-
ment of PCF in 445 laryngectomies [7-9]. Variations were
attributed to heterogeneity in the included studies (I*=0%,
Cochran 0=0.041, Het. P value=0.979). In age <65 years,
numbers of total laryngectomy (TL) performed were
300; 33/300 (11%) developed PCF. Among patients who
were > 65 years, 145 TLs were performed with 17/145
(11.72%) developed PCF. The overall (odds ratio) OR values
with the corresponding 95% CI were 0.822 (0.414-1.630)
with P=0.575 on random effects model (Fig. 3).

Sex

Eight studies had reported the effect of gender on PCF devel-
opment among 1186 patients [7, 8, 10—15]. Variations were
attributed to heterogeneity in the included studies (I>=0%,
Cochran Q=3.74, Het. P value=0.809). One thousand
one hundred thirteen males had undergone TL; 119/1113
(17.88%) developed PCF. Only 73 female TL were reported
among the pooled dataset; 9/73 (12.3%) developed PCF.
The overall (odds ratio) OR values with the corresponding
95% CI were 0.863 (0.425-1.752) with P=0.684 on random
effects model (Fig. 3).

Comorbidities

Many articles had described various comorbidities as a fac-
tor leading to PCF, diabetes, hypertension, and cardiac ill-
ness were most reported. Eight articles among the included
studies reported on comorbidities as a factor among 1251
patients in developing post-operative PCF [8, 11, 14, 16-20].
Not many variations were attributed to heterogeneity in the
included studies (Cochran Q=17.920, Het. P value=0.012).
Two hundred ninety-nine patients had comorbidities; 69/299
(23.08%) developed PCF. Ninety-eight out of nine hundred
fifty-two (10.29%) patients without comorbidities devel-
oped PCF. The overall (odds ratio) OR values with the cor-
responding 95% CI were 2.781 (1.892-4.088) with P <0.001
on fixed-effects model (Fig. 3).

Tobacco Smoking

Five studies had reported the effect of smoking on PCF
development among 495 patients [8, 11, 13, 14, 16]. Varia-
tions were attributed to heterogeneity in the included studies
(I’ =4.45%, Cochran Q=4.18, Het. P value =0.38). Four
hundred forty-two previous or active tobacco smokers had
undergone TL; 85/422 (20.14%) developed PCF. Only 73
patients had no history of tobacco smoking in the pooled
dataset; 13/73 (17.8%) developed PCF. The Overall (odds
ratio) OR values with the corresponding 95% CI were 1.065
(0.528-2.147) with P=0.86 on Random effects model
(Fig. 3).

Alcohol Consumption

Five studies had reported the effect of smoking on PCF
development among 495 patients [13,14,16,17,19. Varia-
tions were attributed to heterogeneity in the included stud-
ies (=0, Cochran Q=2.44, Het. P value =0.654). Two
hundred seventy-five previous or active tobacco smokers
had undergone TL; 46/275 (16.73%) developed PCF. Two
hundred twenty-seven patients had no history of alcohol con-
sumption in the pooled dataset; 60/227 (17.8%) developed
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Table 2 Summary of results from the meta-analysis

Risk factor Number Number of Number of PCF % Cochran Q Odds ratio Statistical test P value
of studies laryngecto-  patients with value
reporting mies PCF

Age <65years 3 300 33 11.00% 0.041 0.822 (0.414- BREF 0.575
> 65 years 145 17 11.72% 1.630)

Sex Male 8 1113 199 17.88% 3.745 0.863 (0.425- BREF 0.684
Female 73 9 12.33% 1.752)

Comorbidities Yes 8 299 69 23.08% 17.92 2.781 (1.892—- BFEM <0.001
No 952 98 10.29% 4.088)

Smoking Yes 5 422 85 20.14% 4.187 1.065 (0.528— BREF 0.86
No 73 13 17.80% 2.147)

Alcohol Yes 5 275 46 16.73% 2.447 0.765 (0.471- BREF 0.279
No 227 60 26.43% 1.243)

Site Larynx 3 569 76 13.36% 0.266 4.485 (3.003—- BREF <0.001
Hypopharynx 166 67 40.36% 6.699)

T stage T1 and T2 8 131 8 6.11% 3.62 0.769 (0.370- BREF 0.481
T3 and T4 1054 140 13.28% 1.598)

N stage NO 3 70 13 18.57% 0.044 0.794 (0.345- BREF 0.588
N+ 333 45 13.51% 1.828)

Pre-operative <12 4 174 40 22.99% 2.809 3.590 (2.130- BREF <0.001

hemoglobin >12 455 48 10.55% 6.050)

Pre-operative <4 3 81 32 39.51% 10.999 2.833 (1.596— BFEM <0.001

albumin >4 207 36 17.39% 5.031)

Type of Vertical/T 2 504 112 22.22% 3.548 0.762 (0.412— BFEM 0.385

closure type 1.408)
Horizontal 55 16 29.09%

Stapleruse  Yes 2 91 5 5.49% 0.257 0.172 (0.064— BREF <0.001
No 151 35 23.18% 0.460)

Suture mate-  Vicryl 3 600 105 17.50% 3.08 0.781 (0.428- BREF 0.42

rial Others 326 39 11.96% 1.425)

TEP insertion Yes 3 322 46 14.29% 0.694 0.880 (0.594— BREF 0.526
No 554 96 17.33% 1.305)

Mucosal Positive 1 22 8 36.36% NA 492(1.90- BFEM 0.001

margin Negative 269 28 10.41% 12.75)

Pre-operative  Yes 6 163 33 20.25% 11.757 0.714 (0.456- BFEM 0.141

tracheos-  No 832 158 18.99% 1.118)

tomy

PCF, Pharyngocutaneous fistula; BREF, binary random effects model; BFEM, binary fixed-effects model; TEP, tracheo-esophageal prosthesis;

NA, not applicable; red colored, statistically significant

PCF. The overall (odds ratio) OR values with the corre-
sponding 95% CI were 0.765 (0.471-1.147) with P=0.86
on random effects model (Fig. 4).

Site

Three studies had reported the effect of site of tumor on PCF
development among 735 patients [7, 15, 16]. Variations were
attributed to heterogeneity in the included studies (I*=0,
Cochran Q =0.266, Het. P value=0.876). Five hundred
sixty-nine patients with laryngeal involvement underwent
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TL; 76/569 (13.36%) developed PCF. One hundred sixty-six
patients with hypopharyngeal involvement had undergone
TL in the pooled dataset; 67/166 (40.36%) developed PCF.
The overall (odds ratio) OR values with the corresponding
95% CI were 4.485 (3.003-6.699) with P <0.001 on random
effects model (Fig. 4).

T Stage

Eight studies had reported the effect of the tumor stage
on PCF development among 1185 patients [7-9, 11, 12,
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Fig.4 A Forest plot for alcohol as risk factor for PCF; B forest plot for site as risk factor for PCF; C forest plot for the T stage as risk factor for

PCF; D forest plot for the N stage as risk factor for PCF

17, 18, 20]. Variations were attributed to heterogeneity
in the included studies (12:0, Cochran Q=3.62, Het. P
value =0.822). One hundred thirty-one patients with T1
and T2 tumor had undergone TL; 8/131 (6.11%) developed
PCF. One thousand fifty-four patients with T3 and T4 tumor
had undergone TL in the pooled dataset; 140/1054 (13.28%)
developed PCF. The overall (odds ratio) OR values with
the corresponding 95% CI were 0.769 (0.37-1.598) with
P=0.481 on random effects model (Fig. 4).

N Stage

Three studies had reported the effect of nodal involvement
on PCF development among 403 patients [8, 17, 18]. Varia-
tions were attributed to heterogeneity in the included studies
(*=0, Cochran Q=0.044, Het. P value =0.978). Seventy
patients with NO nodal involvement had undergone TL;
13/70 (18.57%) developed PCF. Three hundred thirty-three
patients with N +nodal involvement had undergone TL in
the pooled dataset; 45/333 (13.51%) developed PCF. The
overall (odds ratio) OR values with the corresponding 95%
CI were 0.794 (0.345-1.828) with P=0.588 on random
effects model (Fig. 4).

Pre-operative Hemoglobin

Four studies had reported the effect of pre-operative
hemoglobin on PCF development among 629 patients
[7, 11, 16, 19]. Variations were attributed to heterogene-
ity in the included studies (I>=0, Cochran Q=2.809, Het.
P value =0.422). One hundred seventy-four patients with
hemoglobin < 12 had undergone TL; 40/174 (22.99%)
developed PCF. Four hundred fifty-five patients with hemo-
globin > 12 had undergone TL in the pooled dataset; 48/455

(10.55%) developed PCF. The overall (odds ratio) OR values
with the corresponding 95% CI were 3.590 (2.130-6.050)
with P <0.001 on random effects model (Fig. 5).

Pre-operative Albumin

Three studies had reported the effect of pre-operative albu-
min on PCF development among 288 patients [8, 11, 16].
Variations were attributed to heterogeneity in the included
studies (Cochran Q=10.999, Het. P value=0.004). Eighty-
one patients with albumin <4 had undergone TL; 32/81
(39.51%) developed PCF. Two hundred seven patients with
albumin >4 had undergone TL in the pooled dataset, 36/207
(17.39%) developed PCF. The overall (odds ratio) OR values
with the corresponding 95% CI were 2.833 (1.596-5.031)
with P <0.001 on random effects model (Fig. 5).

Type of Closure

Only two studies had reported the effect of type of closure
on PCF development among 559 patients [15, 16]. Varia-
tions were attributed to heterogeneity in the included stud-
ies (Cochran Q =3.548, Het. P value =0.06). Five hundred
four patients had undergone TL with vertical/T type clo-
sure; 112/504 (22.22%) developed PCF. Fifty-five patients
had undergone TL with horizontal closure; 16/55 (29.09%)
developed PCF. The overall (odds ratio) OR values with
the corresponding 95% CI were 0.762 (0.412-1.408) with
P =0.385 on random effects model (Fig. 5).

Stapler Use

Two studies had reported the effect of stapler use on PCF
development among 242 patients [10, 12]. Variations were
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Fig.5 A Forest plot for pre-operative hemoglobin as risk factor for PCF; B forest plot for pre-operative albumin as risk factor for PCF; C forest
plot for type of closure as risk factor for PCF; D forest plot for stapler use as risk factor for PCF

attributed to heterogeneity in the included studies (/>=0,
Cochran 0 =0.257, Het. P value=0.612). Ninety-one
patients had undergone TL with use of staplers; 5/91 (5.49%)
developed PCF. One hundred fifty-one patients had under-
gone TL without use of staplers; 35/151 (23.18%) devel-
oped PCF. The overall (odds ratio) OR values with the cor-
responding 95% CI were 0.172 (0.064-0.46) with P <0.001
on random effects model (Fig. 5).

Suture Material

Three studies had reported the effect of different suture
materials on PCF development among 926 patients [14,
15, 19]. Variations were attributed to heterogeneity in the
included studies (I”=35.256, Cochran Q =3.089, Het. P
value =0.213). Six hundred patients had undergone TL
with use of vicryl; 105/600 (17.5%) developed PCF. Three
hundred twenty-six patients had undergone TL with use of
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other suture materials; 39/326 (11.96%) developed PCF.
The overall (odds ratio) OR values with the corresponding
95% CI were 0.781 (0.428-1.425) with P=0.42 on random
effects model (Fig. 6).

TEP Insertion

Three studies had reported the effect of TEP insertion on
PCF development among 876 patients [7, 9, 15]. Varia-
tions were attributed to heterogeneity in the included stud-
ies (=0, Cochran Q =0.694, Het. P value =0.707). Three
hundred twenty-two patients had undergone TL with TEP
insertion; 46/322 (14.29%) developed PCF. Five hundred
fifty-four patients had undergone TL without insertion of
TEP; 96/554 (17.33%) developed PCF. The overall (odds
ratio) OR values with the corresponding 95% CI were 0.88
(0.594-1.305) with P=0.526 on random effects model
(Fig. 6).

-_
Overall (14250 % , P20.707) 0.880 (0.594. 1.305) 46/322  36/554 ;’7
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Fig.6 A Forest plot for suture material as risk factor for PCF; B forest plot for TEP insertion as risk factor for PCF; C forest plot for mucosal
margin as risk factor for PCF; D forest plot for pre-operative tracheostomy as risk factor for PCF
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Mucosal Margin

One study reported the effect of mucosal margins on PCF
development among 292 patients [9]. Variations were attrib-
uted to heterogeneity in the included studies. Twenty-two
patients had undergone TL with positive mucosal margins;
8/22 (36.36%) developed PCF. Two hundred sixty-nine
patients had undergone TL without use of staplers; 28/269
(10.41%) developed PCF. The overall (odds ratio) OR values
with the corresponding 95% CI were 4.92 (1.9-12.75) with
P <0.001 on random effects model (Fig. 6).

Pre-operative Tracheostomy

Six studies had reported the effect of pre-operative trache-
ostomy on PCF development among 995 patients [12, 13,
15-17, 19]. Variations were attributed to heterogeneity in
the included studies. One hundred sixty-three patients had
undergone TL with pre-operative tracheostomy; 33/163
(20.25%) developed PCF. Eight hundred thirty-two patients
had undergone TL without pre-operative tracheostomy;
158/832 (18.99%) developed PCF. The overall (odds ratio)
OR values with the corresponding 95% CI were 0.714
(0.456-1.118) with P=0.141 on random effects model
(Fig. 6).

Discussion

In last two decades, the laryngeal cancer treatment had a
paradigm shift from the surgical treatment to non-surgi-
cal therapy based on some well-performed trials [21-24].
Functional organ preservation may not be feasible in certain
intermediate and advanced cases; hence, a primary total lar-
yngectomy is still an initial treatment in such cases, espe-
cially in patients who do not want or are physically unable to
undergo the ordeal of chemoradiation and follow-up, which
may benefit from TL as a primary treatment option. Alter-
native treatment options, such as combined therapy with
concurrent chemoradiotherapy and salvage surgery (includ-
ing its morbidity), could be too costly for in certain patient
subset. Total laryngectomy is commonly used primary treat-
ment in many developing nations including India and Bra-
zil, mainly due to cost concerns [25, 26]. There has been
multiple level I and II evidence generated in the past decade
pertaining to the risk factors leading to the development of
pharyngocutaneous fistula following salvage laryngectomy
[27-32], but none of them has addressed it for primary total
laryngectomy alone.

In our study, we did not find the age to be the risk fac-
tor for the development of PCF in patients undergoing pri-
mary TL. A recent meta-analysis by Wang and colleagues,
which included patients undergoing salvage and primary TL,

showed that the age of patient to be a significant risk factor
leading to development of PCF [32]. Similarly, there was no
statistically significant difference in the PCF rates among
males and females.

Multiple studies have suggested that comorbidities such
as diabetes mellitus, pulmonary disorders, cardiopathy, and
hypothyroidism may contribute to the occurrence of PCF.
Unfortunately, pinpointing the exact comorbidity leading to
development of PCF is difficult to assess due to heterogene-
ity and lack of consensus in data collection and reporting.
In our meta-analysis, we found that having an associated
comorbidity significantly impacted towards the develop-
ment of PCF. An Italian paper in 2008 demonstrated that
diabetes mellitus lead to increased risk of development of
PCF [33]. Just having a comorbidity does not mean that the
individual will develop a PCF; it is vital to understand that
all comorbidities must be well controlled, and patient must
be optimized before surgery to reduce the risk of PCF.

It is very difficult to ascertain the role of tobacco smok-
ing and alcohol consumption on the development of PCF;
the previous history of habits alone may not be sufficient to
determine the causal relationship. We emphasize the cli-
nicians to note the major variables pertaining to tobacco
smoking and alcohol consumption; this may help to deter-
mine time-dose—response relationship. Based on the current
available data, a tangible conclusion cannot be derived due
to inadequacy of variables to demonstrate the effect in pri-
mary TL. Due to this discrepancy in data reporting, there is
a controversy in discerning the role of habits on develop-
ment of PCF, with studies showing both causal [32-34] and
noncausal [35, 36] effects.

The subsite of the tumor plays a vital role in determin-
ing the extent of surgical resection. Involvement of the
hypopharynx usually entails the removal of pharyngeal
mucosa along with the Larynx. Primary closure of pharyn-
geal mucosa can be attempted if the width of the unstretched
and non-devascularized pharyngeal mucosa is over 3.5 cm
[37]; else, this may lead to neopharyngeal stenosis or neoph-
aryngeal breakdown if augmentation pharyngoplasty is not
performed [32, 37, 38]. The hypopharyngeal involvement
leads to higher chances of PCF; this corroborates with our
study. Further subsite stratification was not feasible due to
non-uniformity in reporting.

Higher T stage of the disease leads to higher chances of
PCF in combined salvage and primary laryngectomy dataset
[32]; higher T stage was not seen as an independent risk
factor for the development of PCF in patients undergoing
primary TL. Further individual subset analysis of each T
stage is necessary especially between T3 and T4a and by
stage matching it to the latest AJCC staging system. The N
stage of the disease has not been shown to be risk factor to
the development of PCF in both salvage and in primary TL
[27, 29, 31, 32].
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The nutritional status of the patient is determined by
pre-operative hemoglobin and albumin levels as surrogate
markers [39]. This directly affects the ability of the body to
handle surgical stress and wound healing. Our results are in
line with the meta-analysis conducted by the Brazilian group
[27]. Ensuring adequate nutritional status of the patient is of
utmost essential to prevent the development of PCF.

The effect of type of pharyngeal closure has been hypoth-
esized to be a factor in PCF development but has never been
proven, mainly due to overlapping surgical techniques, non-
standardized nomenclature, and reporting. Only two studies
were included in his analysis based on the inclusion and
exclusion criteria; in our study, we did not find any statisti-
cally significant difference PCF rates among different types
of pharyngeal closure. The trifurcation in the T-shaped clo-
sure could theoretically increase the risk of fistula develop-
ment, according to some studies [16, 40]. On the other hand,
other studies have found that vertical closure increases the
risk of a fistula [41, 42]. In some defect shapes, the T-shaped
closure is thought to cause less tension than the vertical clo-
sure. However, horizontal closure may not be appropriate for
vertically extended pharyngeal defects.

There has been a recent increase in the trend to use sta-
plers for the creation of neopharynx. Only two studies were
included in our analysis; both the studies showed a statisti-
cally significant difference in the development of PCF [10,
12]. This result is compounded by a recent meta-analysis
from Taiwan, which shows a reduction of operative time
and reduced complications following the use of staplers
[43]. We must highlight that the use of staplers for creating
neopharynx requires considerable expertise and may lead
to non-satisfactory results if the staplers are not applied in
a designated manner. There is a considerable selection, and
reporting bias found among the included studies as seen in
surgical technique articles [44]. The result of PCF reduc-
tion with stapler use must be further strengthened with well-
controlled randomized studies.

Different suture materials like catgut, silk, polydioxanone,
polyglycolic acid (monofilament and braided), and polypro-
pylene have been used for pharyngeal closure [45-47]. The
sutures are usually chosen based on the surgeon’s comfort
and experience with it. Also, the techniques of pharyngeal
mucosal approximation by various techniques were simple
continuous interlocking sutures [45], interrupted sutures
with extraluminal or intraluminal knots, Connell [48], Lem-
bert [49], and Gambee [50]. The literature lacks informa-
tion of leak rates with these different suturing techniques
and materials. In our analysis, suture materials did not have
a bearing on the development of PCF. A well-controlled
blinded study must be conducted among the surgeons of
various expertise by keeping certain patient parameters con-
stant to accurately determine the effect of suture materials
on development of PCF.
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Rehabilitation following total laryngectomy is crucial to
restore the functionality. TEP is now a standard of care for
speech rehabilitation due to its in speech intelligibility, better
acquisition, and fluency. Patients do not require a second sur-
gery for speech acquisition when primary TEP is inserted.
Furthermore, after a laryngectomy, patients can begin
speech therapy within 2 weeks. In our study, preforming a
primary TEP following a primary TL showed no statistically
increase in the PCF rates. In a systematic review by Neto and
colleagues, inserting a primary TEP during the TL and total
laryngopharyngectomy leads to increase in the peri-TEP
leak, wound infection, and stomal stenosis [51]. This study
has also included patients undergoing primary TL, salvage
procedures, and augmentation pharyngoplasty. A primary
TEP is now a standard of care if there is no contraindication.

The presence of positive infiltrated margins may explain
the reason for PCF occurring more frequently, mainly due
to poor healing process occurring locally at the surgical
wound. The presence of tumor cells can alter or obstruct
the healing process and wound closure. In addition, the sur-
geon’s attempts to avoid positive margins by further and
deeper pharyngeal mucosal excision into healthy tissue may
result in insufficient tissue to perform the pharyngoplasty,
resulting in tension wound closure which is predisposed to
complications.

Our study did not find any difference in the PCF rates
among the previously tracheostomized patents and non-tra-
cheostomized patients undergoing primary TL. The trache-
ostoma is and exteriorized tracheal wound, which is almost
always contaminated and colonized with respiratory flora.
In a paper by Asher and colleagues, they hypothesized that
the duration of tracheostomy has an effect on the post-oper-
ative complications including PCF formation, mainly due to
migration of tracheostoma wound from clean contaminated
to contaminated wound with the increase in duration. This
data was not analyzed due to non-availability of the param-
eters among the included articles.

Our meta-analysis, however, has some limitations. In the
few articles included, and the research was insufficient, in
articles needing clarification, the missing data was sought
from the respective corresponding authors. Some studies
had fewer cases, and the negative results may not have been
published. All of these factors could have contributed to the
bias, as it cannot be completely ruled out. In the future, more
high-quality studies will be needed to confirm these findings.

Conclusion

In conclusion, PCF after total laryngectomy is caused by a
multitude of factors. The risk factors for PCF are currently
debatable, and many studies are required to determine
the most important risk factor. In this meta-analysis, we
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were able to determine the risk factors for PCF in patients
undergoing primary TL, which included comorbidities,
hypopharyngeal involvement, pre-operative hemoglobin
and albumin, stapler usage, and positive mucosal mar-
gin. In clinical practice, our study provides important
evidence-based medical evidence for the prevention and
reduction of the development of PCF for primary TL.
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