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Abstract: The pharyngocutaneous fistula (PCF) is one of the most common post-operative
complications in patients undergoing laryngectomy. Up till now, there is no universally accepted
algorithm for managing of PCFs and several treatment modalities are used for wound healing.
The English language literature was searched using PUBMED databases with the keywords
“laryngectomy”, “pharyngocutaneous”, “fistula”, “treatment”, and “management” from
January 1, 1999 to June 1, 2019; we selected 35 studies according to inclusion criteria and we
conducted a systematic review of the articles. The analysis of the international literature shows
a high variability of treatment approaches; there is no consensus about conservative treatment
and waiting time, and neither about the indication for surgical treatment or the ideal surgical
technique. A first attempt of a conservative measure is mandatory in all cases of PCF. In case of
failure of conservative measures surgical treatment should be considered: direct closure and local
flap are suitable for small defects, pedicled or free flaps showed good to excellent results in
closure of large and complex cervical defects. Other non-invasive treatment such as hyperbaric
oxygen therapy (HBOT) and negative pressure wound therapy (NPWT) showed promising
results but in limited case series.

Keywords: laryngectomy, pharyngo-cutaneous fistula, reconstructive surgery, hyperbaric
oxygen therapy, negative pressure wound therapy, laryngeal cancer

Introduction

The pharyngocutaneous fistula (PCF) is one of the most common post-operative
complications in patients undergoing laryngectomy. The reports incidence of PCF is
14.3% for primary total laryngectomy (PTL) and 27.6% for salvage total laryn-
gectomy (STL), according to the most recent meta-analysis published in the inter-
national literature.! Several risk factors have been analyzed in order to understand
the etiology of this major complication: previous radiotherapy (RT) or chemora-
diotherapy (CHT), type of surgery, T and N stage, a short interval between the end
of RT and laryngectomy, hemoglobin levels lower than 125 g/L preoperative as well
as postoperative, comorbidities such as diabetes, liver diseases or hypothyroidism,
and surgical aspects such as neck dissection, previous tracheotomy, surgical wound
infection, resection of the pharynx and its closure after laryngectomy, or the use of
non-irradiated tissue to reinforce the pharyngeal suture.” > The treatment of PCF is
crucial in patients who underwent laryngectomy; the persistence of this abnormal
communication is associated with delay in adjuvant treatment, prolonged hospital
stay, requirement for reoperation, and mortality from, for example, carotid blowout
or aspiration pneumonia. The increased incidence of post-laryngectomy PCF in the
modern era of organ preservation therapy has driven considerable efforts to develop
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It is
generally agreed that most PCFs respond well to conser-

techniques to avoid and treat this complication.'

vative management, especially in non-irradiated patients.
Surgical closure of PCFs is instead indicated when con-
servative measures fail, and the fistula persists.® In addi-
tion, several new techniques have been recently developed
to treat persistent PCF, such as vacuum-assisted closure
system’ and hyperbaric oxygen therapy.® The aim of this
review is to evaluate the different treatment modalities
published in the international literature, in order to define
the optimal management of post-laryngectomy PCFs.

Methods

The PRISMA guidelines’ for systematic reviews were
followed. The English language literature was searched
using PUBMED databases with the keywords “laryngect-

CEINT3

omy -,

LRI

pharyngocutaneous”, “fistula”, “treatment”, “man-
1999, to June 1, 2019.
References for relevant articles were also searched. The

agement” from January 1,

rationale for these inclusion dates is to provide
a contemporary view of post-laryngectomy PCFs treat-
ment modalities and to select studies focused on manage-
ment of this post-operative complication. Only studies
meeting strict inclusion criteria were included. These
are: 1) Site. Only studies reporting data from patients
with primary squamous cell carcinoma of the larynx or
hypopharynx were included. 2) Procedure. Only studies
reporting data from patients undergoing total laryngect-
omy or total laryngectomy and partial pharyngectomy
were included. 3) Complication. Only studies reporting
data from patients developing post-operative PCFs. 4)
Treatment. Only studies clearly reporting treatment mod-
alities for fistula healing. The exclusion criteria were: 1)
studied published earlier than 1 January 1999; 2) studies
published as systematic review or meta-analysis; 3) studies
not specifically providing data about treatment modalities
(conservative, surgical or other) for PCFs; 4) studied pub-
lished in languages different than English; 5) studies
describing treatment of other post-operative fistulas, i.e.
orocutaneous or laryngocutaneous fistulas. The corre-
sponding author (AS) reviewed titles and abstracts, read
full-text papers, extracted data and assessed quality. The
primary data analysed were the different types of treatment
(conservative, surgical or other) for PCFs. An analysis of
the reported PCFs features was conducted to underline
which characteristics are considered to choose each treat-
ment. Finally, among PCFs treated surgically, we con-
ducted a comparison of the results obtained with

different reconstructive technique (local, pedicled and
microvascular flaps). All the articles included in this sys-
tematic review met ethical criteria. The authors have no
conflicts of interest in connection with the articles.

Results

The search identified 1625 titles. After removing dupli-
cates and non-English manuscripts, 1073 articles were
excluded. 124 full-text articles were identified for assess-
ment of eligibility. Of these, 35 final papers were finally
included. Figure 1 summarises the process of titles selec-
tion. The studies consisted of retrospective cohort studies
(n = 20), case reports (n = 14) and short communication
(n =1). No randomised or prospective studies were identi-
fied. All studies reported a male preponderance in patient
characteristics. The mean age of patients ranged from 46
to 77.5. All the selected studies included patients affected
by squamous cell carcinoma of the larynx undergoing total
laryngectomy. PTL was the only primary surgical treat-
ment performed in 4 articles, STL in 14 articles; in 17
studies the cohort consisted of patients that underwent
both PTL or STL. The selected studies included patients
treated with adjuvant therapies, i.e. radiotherapy and/or
chemoradiation, in a percentage between 20% and 100%.
Conservative treatment of PCF was reported as first treat-
ment attempt in 23/35 studies. Surgical treatments were
described in 29 papers, negative pressure wound therapy
(NPWT) in 3 studies, hyperbaric oxygen therapy (HBOT)
in 2 papers. Application of decellularized and lyophilized
human amnion/chorion membrane (DLHACM) graft and
of recombinant platelet-derived growth factor-BB
(Becaplermin) was described in 1 article. Table 1 sum-
marizes the main data of the selected papers.

Conservative Treatment

Conservative measures are described as the first treatment
option in 23 studies. Only 11 of these reported the effec-
tiveness of conservative treatment that ranges between
56% and 90%.

Negative-Pressure Wound Therapy
(NPWT)

The use of NPWT is reported in 3 articles; Teixeira et al'’
described it as a topical negative pressure dressing, in 1
case Loeck et al'' showed the results obtained with the
endoscopic negative-pressure therapy (ENPT), and in

another study Zhang et al'? illustrated the effectiveness
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Figure | Studies identification and selection process.

of a continuous negative pressure-flush through a dual
tube. The length of the treatment ranges between 14 and
60 days (mean 31.8 days). The rate of fistulas closure is
reported between 87.5% and 100%.

Hyperbaric Oxygen Therapy (HBOT)

HBOT is described as treatment for PCFs in 2 articles. Abu
Eta et al® reported a closure rate of 87.5% in 8 patients
treated, while Busoni et al'’ a rate of 100% in 15 patients
who underwent HBOT. Only Abu Eta et al® reported the
length of the treatment, that ranged between 14 and 45 days.

Surgical Treatment

Surgical treatments were described in 29 papers; the surgical
procedures consisted of direct suture of PFCs, closure with
local, pedicled or free flaps. Direct closure of PCF is
described in 6 articles, the use of local flap in 1 article,
pedicled flaps in 21 studies, and free flaps in 6 studies.
Other surgical procedures are illustrated in 3 studies: Fink
et al'* showed the results obtained with endoscopic surgical
technique, Karakullucku et al'® presented a case of refractory

1073 Duplicated and non-

20 Inseparability of data
58 No relevant data

PCF treated with positioning of a voice prothesis, and
Wiseman et al'® described the results obtained using fibrin
glue to reinforce direct closure of PCFs. A high variety of
flaps is reported: pectoralis major flap (PMF) was used in 11
case series, deltopectoral (DP) flap in 4 cases; the supracla-
vicular artery pedicled flap, the temporoparietal fascia flap
and the myocutaneous sternocleidomastoid flap were utilized
in 2 studies. Less common is the use of the submandibular
island flap (n =1), the platysma myocutaneous flap (n = 1),
the internal mammary artery perforator flap (n= 1), the lower
trapezius island myocutaneous flap (n = 1) and the pedicled
latissimus dorsi musculocutaneous flap (n = 1). The repara-
tion with free flaps was achieved using radial forearm free
flap (RFFF) (n = 2), jejunal free flap (n = 2), anterolateral
thigh (ALT) flap (n = 1), latissimus dorsi free flap (n=1) and
rectus abdominis free flap (n =1).

Discussion

The development of a PCF after laryngeal surgery repre-
sents an inconvenient and troublesome complication in the
post-operative period. The prevention of this complication
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Abbreviations: RT, radiotherapy; CT, chemotherapy; CRT, chemoradiotherapy; PTL, primary total laryngectomy; STL, salvage total laryngectomy; HBOT, Hyperbaric oxygen therapy; NPWT, negative-pressure wound therapy; ENPT,
endoscopic negative-pressure therapy; PMF, pectoralis major flap; PMMC, pectoralis major musculocutaneous; IMAP, Internal mammary artery perforator; TIMF, Trapezius island myocutaneous flap; DP, deltopectoral; SCM,

sternocleidomastoid; TPFF, temporoparietal fascia flap; RFFF, radial forearm free flap; ALT, anterolateral thigh.

is crucial since it usually entails the prolongation of the
hospital stay, it sometimes requires revision surgery and
rarely puts at risk the life of patients. Numerous risk
factors have been identified; among them, previous radio-
therapy, pre-operative tracheotomy, neck dissection,
tumoral staging and systemic factors (low level of haemo-
globin and albumin) are strongly related to the develop-
ment of fistulas.>* On the other hand, up till now, there is
no universally accepted algorithm for managing of PCFs.
Fistula healing rates between 65 and 94% are commonly
reported using conservative measures; in previously irra-
diated necks, spontaneous closure is less commonly
achieved with rates as low as 33% being reported.” The
analysis of the international literature shows a high varia-
bility of treatment approaches; there is no consensus about
conservative treatment and waiting time, and neither about
the indication for surgical treatment or the ideal surgical
technique. In addition, the application of new therapies,
such as NPWT ad HBOT is preliminary and the number of
patients treated is still poor.

Conservative Treatment
Conservative treatment is considered in most of the cases
the first option for post-laryngectomy PCFs. According to

+17-19 3t consists of medical treatment with

several authors,
antibiotics and anti—inflammatory drugs; suspension of oral
feeding with position of a nasogastric tube or parenteral
nutrition; and daily local wound care including drainage of
fluids from the fistulous tract, local cleaning, removal of all
necrotic tissue followed by curettage of the fistulous borders
and pressure dressing above the neck flaps. Saki et al'® also
suggested to sterilize the fistula from within by administer-
ing 10 mL of 0.25% acetic acid by mouth, while Guha

et al*®

underlined the importance of maintaining a good
nutrition (monitored by albumin levels) and of keeping the
Hb level above 10 g/dL. The length of conservative treat-
ment represents a crucial point; several Authors consider
there is no reason to wait any longer if PCF’s closure is not
obtained in one month with medical management. Busoni
et al'® proposed a precise flow chart of treatment: PCFs
without major wound breakdown or vessel exposure are
treated with conservative therapy for 3 weeks; surgical
procedures or HBOT are utilized in case of failure of these
measures. Other authors suggested similar therapeutic
approaches, with waiting time that lasts 4 weeks, ' "'
6 weeks,'®*° 8 weeks,'®** but also longer waiting period
are described by Huang et al*® (5-18 weeks), Makitie et al**

(4-122 days), McLean et al*®> (10-120 days). Iteld et al*
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compared the results obtained between patients that under-
went early (3-28 days) and late (5—12 months) repair of
PCFs with ALT flap. They stated that in the “early repara-
tion” group, surgical dissection in the neck was much easier
and the resulting defects in the pharynx and cervical oeso-
phagus were smaller. They advocated early surgical inter-
vention when large PCFs develop; fistulas greater than
5 mm in diameter are unlikely to heal in the setting of
prior irradiation and extensive surgery, and eventually will
require surgical closure.”® Hirano et al*” described a case of
a large PCF (diameter 5 cm x 5 cm) associated with neck
abscess that was surgically repaired after 48 hrs from
appearance of the fistula. Similarly, Sumarroca et al’
described surgical reparations of PCFs associated with cer-
vical bleeding in an emergency context. Independently from
the length of conservative management, it is reported
a significant difference in effectiveness between irradiated
and non-irradiated patients. The closure rate in non-
irradiated patients is reported between 80 and 95%, while
in irradiated patients is between 44 and 82%.2' Even though
the percentage of closure is limited in this category of
patient, conservative measures are mandatory to reduce
the risk of neck infections and to obtain in some cases
a reduction in the size of the fistula, which might allow
the surgical closure of PCFs with less invasive procedures
such as direct closure or local flaps.

Two substances have been recently described to treat
PCFs: decellularized and lyophilized human amnion/chorion
membrane (DLHACM) graft and recombinant platelet-
derived growth factor-BB (Becaplermin). Kakabadze et al*®
described the use of DLHACM in 8§ patients that developed
PCF after STL; all eight PCFs closed and the average time
of healing of the wound was 18 days. The healing of PCF
after using the DLHACM graft was possible due to the
unique characteristics of the human amnion/chorion mem-
brane, which possesses immunomodulative, anti-microbial,
and anti—inflammatory properties, hastens fibrogenesis and
angiogenesis, and increases extracellular matrix deposition.
It is a non-invasive technique that prevents the donor mor-
bidity and does not require other surgical interventions. The
main drawback is the complex fabrication of the DLHACM,
that requires decellularization of placentas, DNA quantifica-
tion with spectrophotometer, histologic and immunochem-
ical evaluation.

Jakubowicz et al?’ report on the contribution of
recombinant platelet-derived growth factor-BB (PDGF-
BB, Becaplermin, Regranex; OMJ Pharmaceuticals, San
German, PR) in treating recalcitrant post-laryngectomy

fistulas. PDGF-BB is the only recombinant growth fac-
tor licensed for use in the United States and indicated
only for diabetic foot ulcers; however, in case reports,
Becaplermin has shown promise in resolving chronic
orbital ulceration after exenteration for melanoma and
improving healing in a chronic neck wound after radia-
tion therapy. Giving these promising results in treatment
of chronic wounds, Becaplermin gel was used to heal
post-laryngectomy PCF in 2 patients after PTL or STL.
After daily application of the growth factor, each wound
exhibited an exuberant granulation response, with a 50%
decrease in the size of wound at 1 week. The medication
alone did not precipitate immediate closure of the fistula
during the treatment period, even though the patients
experienced eventual closure, with none having local
recurrence of their cancer at 2 years’ follow-up. In
addition, contraindications to its use include known
hypersensitivity to any component of this product and
known neoplasm at the site of application. These reports
represent interesting non-invasive adjunctive measures
that may have a role in refractory PCFs management
in the future, none has been widely tested and still need
further research for determining their efficacy and
safety.

Surgical Treatment

Surgical closure of PCFs is indicated when conservative
measures fail, and the fistula persists, exposing the patient
to continuous salivary leak with risk of infection, aspira-
tion as well as vessels exposure and even rupture.’ The
wide variety of reconstructive procedures reported in the
literature indicates the lack of a single, reliable operative
approach. The principal of PCF closure is the same in all
cases: a fistula must be closed by two epithelial surfaces,
one to provide an internal lining and the second for exter-
nal coverage.® Many surgical options are available, and the
choice of the surgical technique should be dictated by the
diameter of the fistula but also by other factors, such as
previous radiation history,?' amount of residual pharyngeal
mucosa and condition of soft tissue.”> Guha et al*® distin-
guished 3 types of fistula according to the classification of
Hawkes and Stell:*® type 1 fistula is less than 0.5 cm in
diameter, type 2 is greater than 0.5 cm but less than 2 cm,
type 3 is larger than 2 cm. The type of fistula dictated the
surgical approach: for type 1 fistula, the two layers (skin
and mucosa) are repaired locally; for type 2 fistulas, one
layer is locally repaired and one distantly (DP or PMMC);
finally type 3 fistulas are managed with distant flaps (DP
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and PMMC). Figure 2 summarizes the suggested approach
to PCFs depending on defect size. The effectiveness of
direct closure seems to be limited by the size of the fistula.
In addition, McLean et al*> showed that the closure rate of
small PCFs with direct suture is strongly influenced by the
local conditions of skin and mucosa, and by previous RT.
In fact, 6/7 irradiated patients developed recurrent fistula
and required revision surgery with pedicled flap. Direct
closure is thus not adequate for larger wounds, especially
in radiation fields. Management options for this problem
become very limited when this complication occurs after
STL and failed organ preservation with chemoradiation
because of a lack of recipient neck vessels for free tissue
transfer and unfavourable local tissue for local flaps.®' In
salvage patients, a higher closer rate might be obtained
with the aid of fibrin glue, as reported by Wiseman et al.'®
For the first time they used this material to reinforce the
double layer direct suture of PCF that developed after
STL; the described technique for incorporating fibrin
glue into a PCF repair was successful and may be achieved
with relative technical ease and minimal patient morbidity.

The goals of surgical reconstruction should also focus
on minimizing surgical morbidity; according to this con-
sideration, the use of local flaps might reduce length and
invasiveness of surgery. Nevertheless, despite many
advantages, the closure of PCFs with these techniques is
limited in case of large tissue defects and previous RT.
These flaps have been used with some success for

relatively minor fistulas without significant radiation
damage or fibrosis. A localised skin flap was utilized by
Kilic et al** for PCFs with small skin defect; a single-
lobed skin flap was successfully used in 4 patients with no
recurrence of fistulas and no complications. This technique
is especially useful for small PCFs in nonirradiated necks
but can be selectively applied in non-heavily irradiated
cases with good tissue vascularity.

Pedicled Flaps

The use of pedicled flap for PCFs reparation is widely
described in the literature; among the selected articles, 21
studies illustrated their use for fistulas’ healing.

Pectoralis Major Flap (PMF)

The PMF is one of the most common flaps in surgical treat-
ment of PCFs. It shows several advantages: ease of harvest,
proximity to the defect, versatility in flap design and highly
reliable vascularity. It is often very bulky, with adipose tissue
between muscle and skin, and thus it is generally indicated in
cases of large substance loss in the pharyngo-laryngeal
area.”">® The issue of bulkiness of the PMMC is, however,
controversial and none of the selected studies reported this.
The harvesting of the flap might cause a significant morbidity
with aesthetic sequelae, especially in female patients; never-
theless, recent studies®® showed favourable aesthetic out-
comes at the donor site in most of these patients. The PMF
(PMMC) and

can be used both as myocutaneous
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fasciomuscular flap; Sumarroca et al* described their experi-
ence with PMF and suggested that the choice of using
amyocutaneous flap or a fasciomucscular flap should depend
basically on the size of the defect and the morphology of the
patient. A muscle flap without skin paddle is used when the
reconstruction of less than a third of the hypopharynx is
required, or when the thickness of the skin paddle was
considered excessive. In the case of large PCFs requiring
reconstruction of more than a third of the hypopharynx,
a myocutaneous flap is used. They also suggested the place-
ment of salivary bypass tube in case of surgical closure of
PCFs; this expedient reduced the percentage of fistula rate
(37% in patients with salivary bypass tube versus 56% in
patients without) and the length of hospitalization. The
reparation with PMF, and more commonly with PMMC, is

conservative
2125

reported in case of failure of

treatment,>'>'%**3% failure of direct closure, or of
other flaps.®® Tt is otherwise suggested in case of large
fistulas?*?* or PCFs with major wound breakdown and ves-
sel exposure.”'**> Guha et al*°, for example, suggested the
use of these pedicled flaps in case of type 2 or 3 fistula (i.e.
larger than 0.5 or 2 cm). They described the use of both DP
and PMMC in 3 cases of type 3 PCFs. For the closure of
these fistulas both flaps are harvested at the same side;
PMMOC is used to repair the pharyngeal defect, whereas DP
is utilized to close the skin defect. The percentage of recur-
rence of fistula in these case series ranged between 0 and
44%; Sumarroca et al® analysed the main risk factors in
PCFs’ recurrence and stated that the use of the PMF in an
emergency context increased the risk of fistula recurrence
almost nine-fold. When cervical bleeding is associated with
pharynx and cervical dehiscence the pectoralis flap is sutured
on infected tissue; these patients, furthermore, are often
hemodynamically unstable. According to these results,
Sumarroca et al® suggested that in the emergency setting is
preferable to perform a pharyngostoma and to defer the
reconstruction of the PCF with a PMF until local and sys-
temic conditions improve. Hamahata et al’’ compared the
surgical results obtained with the conventional double layer
suture operation using PMMC flap and the triple-layer suture
operation with “frilled” PMMC flap. In the first group of
patients 3/14 patients required re-operation for fistula recur-
rence, whereas in the second group this complication never
occurred.

Deltopectoral Flap (DP)
The DP, elevated from the deltopectoral region and based
on an axial vascularization coming from cutaneous

branches of intercostal arteries, has long been the flap of

choice for closure of large PCFs. Many Authors*>*®

com-
ment that this flap usually requires two reconstructive
procedures, does not provide big amounts of tissue bulk,
and often leaves major aesthetic sequelae. This flap was
described in 3 articles and utilized for closure of large
PCFs,?%?? in case of failure of direct closure®® or com-
bined to free flaps for treatment of large PCFs after che-
moradiotherapy and STL associated with neck abscess and

internal jugular vein thrombosis.*’

Temporoparietal Fascia Flap (TPFF)

The TPFF may represent in selected cases a new tool for
the reconstructive surgeon, when classic reconstructive
solutions are likely to fail. It is a fasciocutaneous island
flap pedicled on the temporoparietal branch of the super-
ficial temporalis artery. Abt et al*® and Fabrizio et al*®
showed the results obtained with TPFF; both authors per-
formed reparation in patients that underwent STL after
chemoradiotherapy and later developed large PCFs refrac-
tory to conservative and previous surgical treatments. One
of the main advantages of this flap in case of patients who
underwent STL is that the pedicle is not at risk of RT
damage; in addition, TPFF is feasible also in case of fail-

ure of previous flaps, as reported by Abt et al.*’

However,
this flap option has obvious major limitations regarding

pedicle length and size of harvested tissue.

Sternocleimastoid (SCM) Flap

The use of sternocleidomastoid muscle is uncommon in lit-
erature; the harvesting is limited in case of previous radical
neck dissection and difficult if patients underwent pre- or
post-operative RT. Kilic et al** described the use of
a myocutaneous SCM flap in 3 patients with good results.
Raman et al*® described a surgical method in which the
sternocleidomastoid muscle without the cutaneous cover is
used for the closure of a PCF in a patient who underwent PTL.

Fasciocutaneous Supraclavicular Flap

Pabiszczak et al*' presented the outcome of a regional
pedicled fasciocutaneous supraclavicular flap in 6 patients
who underwent STL after chemoradiotherapy; the percen-
tage of failure was 17% (1/6 flaps). The fasciocutaneous
supraclavicular flap, owing to its small thickness, plasti-
city, good vascularity and proximity to the primary opera-
tive site could be an effective alternative to other free and
pedicled flaps. It is characterized by a low rate of compli-
cations of the donor site, it is quick and easy to harvest and
consequently especially recommended in patients with
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accompanying general medical conditions. The span of
contraindications is overall limited and could overcome
limitations caused by previous bilateral neck dissection
and irradiation of the operated site.

Submental Artery Island Flap

The submental artery island flap is a versatile and durable
reconstructive flap for closure of facial defects. It can be
easily raised on one side and rotated to the whole homo-
lateral face and neck. In selected cases, the flap may be
used for closure for PCFs, also in heavily irradiated tissue.
The major drawback of this technique is a previous bilat-
eral neck dissection where both facial arteries may have
been closed. However, in patients who have undergone
previous ipsilateral neck dissections, the submental artery
island flap can be raised on the contralateral side pedicle
successfully and inset into the defect. Demir et al*?
described the closure of PCFs in 9 patients that underwent
PTL and adjuvant RT; no intra- or post-operative compli-
cations were reported, and the closure rate was 100% at
the last follow-up.

Trapezius Island Myocutaneous Flap (TIMF)

The folded extended vertical lower TIMF based on the
transverse cervical pedicle was designed to repair large
PCFs (diameter larger than 1.8 cm) developing after STL
in eight patients.”® According to the authors, the flap offers
several advantages: the flap creation is technically simple,
and the operating time is relatively short; the flap donor
site can be primarily closed; the thin pedicle allows easy
transfer of the island flap (which can be tunnelled into
a defect in the head and neck); the flap can be used in
patients who have previously undergone radiation of the
head and neck; donor site morbidity is low; and the donor
site is well-hidden. However, care must be taken when
placing the flap in patients who have undergone radical
neck dissection associated with damage to the transverse
cervical pedicle.

Internal Mammary Artery Perforator Flap (IMAP)

Pirgousis et al’' reported the use of the IMAP flap in 2
patients that developed post-laryngectomy PCFs; one
patient underwent 13 reconstructive surgeries with local
and pedicled flaps; the other patient suffered from a PCF
with carotid artery exposure after STL. The pedicled nat-
ure of this island flap is particularly suited to close defects
in previously irradiated and/or dissected vessel-depleted
neck. The authors suggested that the flap could be suitable
for defect reconstruction in patients with vessel-depleted

necks, where a thin flap is desired. The harvest of the
IMAP flap is straightforward without the necessity of
microvascular anastomosis and with minimal donor site
morbidity.

Delayed Platysma Myocutaneous Turnover Flap

The use of delayed platysma myocutaneous turnover flap
was described by Neubauer et al.** Turnover flaps have
been firstly used in the lower extremities to close wounds.
They were recently utilized for repair of two PCFs after
STL. Delay technique is a well-established phenomenon to
improve the blood supply and increase survival to a flap; it
involves raising a skin flap with a single pedicle, partially
devascularizing tissue for a period of time before transpos-
ing the tissue. This procedure, according to the authors,
could increase vascularization of the flap and surrounding
tissue thus reducing the risk of flap failure.

Free Flaps

When local tissues are unavailable and unable to provide
even one epithelial surface for fistula closure, the recon-
struction of pharyngeal and cervical tissue is still more
challenging and far more complex requiring mobilization
of distant tissues for both internal lining and external
coverage. The use of free tissues has several advantages:
the donor site is far from previously irradiated or infected
tissues; the flaps are well vascularized and can be tailored
to repair even complex PCFs. The main limitation that
might be encountered in using free flaps for closing such
complex neck wounds is the availability of suitable neck
vessels for microvascular anastomosis; in addition, the
fragility and the comorbidities of these patients might
contraindicate these surgical procedures. When these situa-
tions can be overcome, free flaps are becoming more and
more common in preventing e treating PCFs.

The use of RFFF was described in two articles for treat-
ment of large and/or refractory PCFs. This free flap pro-
vides many advantages, such as reliability, easy elevation,
one-stage procedure, minimal donor morbidity, and allow-
ance for a two-team approach. The largest case series was
presented by Bohannon et al;*® 22 free flaps were per-
formed in 20 patients. Approximately 86% of patients had
radial forearm flap (RFFF) reconstruction, but other flaps
included anterolateral thigh (ALT) and rectus free flaps
were utilized. In this patient series donor neck vessels
were used 54.5%, most commonly the facial vessels, and
internal mammary vessel was used in 45.5% of patients. It
is interesting to underline that the fistula closure rate with
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the initial free flap procedure was 50%. Ten patients (50%)
had a leak on barium swallow or refistulized requiring
additional procedures. After a second free flap, simulta-
neous pectoralis pedicled flap, or additional local flaps, an
overall closure rate of 85% was achieved. These data
suggest that there is some difficulty in closing PCFs with
a free skin flap in the first repair surgery only; conse-
quently, the authors suggested the use of both RFFF and
pedicled pectoralis muscle to reconstitute both the phar-
yngeal lining and external skin. A smaller case series with
promising results has been published by Min Yoo et al,**
that used RFFF “cork designed” to repair two large PCFs
without recurrence neither complications.

Other Free Flaps

Few other free flaps are described in the literature (jejunal
flap, ALT, latissimus dorsi free ﬂap)24 for PCFs’ treatment,
most commonly in case of large pharyngeal and skin
defects and often in patients who underwent STL. Free
jejunal flap is described by Hirano et al*’ and McLean
et al;> in both cases, the free flaps were harvested together
with a pedicled (DP or PMF) flap to obtain a complete
closure of pharynx and cervical skin. This free flap is thin,
pliable, well vascularized, and anatomically reliable; it
was chosen to repair the inside of the PCF because of its
retractility and low rate of fistula formation. Nevertheless,
the use of both jejunal flap and DP pedicled flap has few
disadvantages: the DP flap needs another skin graft for
wound healing, which results in too many donor sites in
critical patients, and the pedicle of the DP needs
a secondary revision procedure. In addition, there is
a risk of leakage with harvesting an intestine flap in
laparotomy, and it will prolong the time of oral intake.?’
McLean et al*® utilized jejunal free flap for circumferential
pharyngeal reconstruction when there was insufficient
remaining pharyngeal wall for closure with PMF. Both
cases were successful but a PMF was required for neck
closure, prolonging significantly the surgery.

An interesting surgical option was proposed by Iteld
et al:*® the use of the anterolateral thigh (ALT) free flap
with transverse cervical vessels as recipient vessels. This
procedure was performed in 9 patients that previously
underwent STL or PTL; in all patients, the complex
defects were safely repaired with a single ALT free flap.
The use of transverse cervical vessels as recipient vessels
avoids surgical dissection around the carotid artery and
internal jugular vein, thus reducing the risk of intraopera-
tive complication. The authors suggested to manage

complicated PCFs in patients who have had previous
radiotherapy and extensive neck surgery directly excising
the fistula and scar tissue without exposing the major
vessels, and to simultaneously reconstructing the pharyn-
goesophageal and neck or tracheostoma defects with
a multi—island anterolateral thigh free flap.

Endoscopic Surgical Procedure

Fink et al'* recently reported a novel endoscopic approach
to the repair of a PCF after STL. The fistula tract was
explored with the flexible scope and a 19-gauge needle
was passed externally into the neopharynx at the lateral
border of the fistula. Then, a 2-0 polyglactin 910 suture
was placed through the needle and visualized entering the
neopharynx; using palpation to guide placement, the nee-
dle was then replaced at the desired exit site for the suture.
The suture was then passed retrograde from the endolar-
ynx through the needle to the external neck. This proce-
dure was repeated such that sutures were placed
circumferentially around the fistula to quilt it to the ante-
rior platysma skin flap. The mucosalization of the defect
and the elimination of the fistulous tract are achieved by
reapproximating the platysma to the pharyngeal closure
and using the vascularized local tissue to seal the mucosal
defect, which then quickly remucosalizes. All patients had
closure of PCFs in a radiated field with the above-
described endoscopic procedure.'® Only certain fistulae
are well suited to this technique; it requires an intact
platysma skin flap over the fistula and the ability to access
the fistula transorally. In addition, closure is accomplished
more simply with smaller fistulae. This procedure, less
invasive compared to other surgical technique, showed
promising results also in irradiated patients and further
studies are mandatory to extend the application of the
endoscopic procedure.

Other Treatments

Due to the complexity of reconstruction and potential
severe surgical morbidities and mortality, some otherwise
eligible patients with benign fistulas are discouraged from
undergoing complicated reconstructions. In the last dec-
ades, two non-invasive treatments have been used for
healing of PCFs: the negative-pressure wound therapy
(NPWT) and the hyperbaric oxygen therapy (HBOT).
The main advantage of these treatments is the low inva-
siveness, that allows their application also in fragile and
complex patients.
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Negative-Pressure Wound Therapy
(NPWT)

Negative-pressure wound therapy (NPWT) consists of
application of a pressure difference between a wound
sealed by an airtight dressing and the external environ-
ment, which transforms this open wound into a controlled
closed wound allowing management of secretions.** It is
thought to work by decreasing interstitial edema and
removing wound exudate, increasing perfusion and neo-
vascularization at the wound site, compartmentalizing the
wound, and possibly reducing the bacterial load at the
wound site.” The main expected benefit is the reduction
of size and complexity of the wound. The NPWT device is
contraindicated in the following situations: uncontrolled
wound infection, presence of necrotic tissue requiring
debridement, absence of interface between the
gastrointestinal tract and the negative-pressure system,
non-revascularized arterial disease, residual tumor after
resection, presence of more than 50% of fibrin or pressure
ulcer. Other significant limitations are the difficulty to
maintain an airtight in case of fistulas situated too close
to the tracheostoma, and the high costs of the device, even
though it has been estimated that NPWT might
significantly reduce the hospital stay and thus the costs
for each patient treated.

NPWT was also successful in treatment of 2 PCFs that
developed after pharyngeal reconstruction with RFFF or
PMF.' In this case, an adhesive gel was placed around the
aperture of the fistula in order to protect the skin, improve the
adhesiveness, and achieve an adequate sealing. It is interest-
ing to note that both patients were discharged home 6 days
after initiating NPWT, given the favourable clinical evolu-
tion, and could continue treatment in an outpatient basis, thus
reducing the length of hospital stay. Loeck'' and Zhang'?
proposed modifications of the classical NPWT; the former
used endoscopic negative-pressure therapy (ENPT) in 1
patient while the latter treated 1 patient with continuous
negative pressure-flush through a dual tube. The ENPT con-
sisted of placement of a drain device at the wound site, and
application of a controlled continuous negative pressure after
connecting drainage tube to an electronic vacuum pump. The
distal end of the drainage tube is covered with an open-pore
polyurethane foam drainage (OPD) or a thin double-layered

(OFD; Suprasorb CNP
&  Rauscher,
Germany). After 14 days of treatment, a complete closure

open-pore film membrane

Drainagefolie;  Lohmann Rengsdorf,

of the PCF was reported. Zhang et al'? used continuous

negative pressure-flush through a dual tube in a complex
PCEF, after failure of surgical repair with PMF. In this case the
length of treatment was 58 days, due to persistent leakage
and infection of the wound. The application of NPWT is
nowadays limited and only few data are reported in the
literature. It is a promising therapy that may play a role in
treatment of complex PCFs in patients that cannot underwent
further surgical procedures due to severe comorbidities; the
difficulties in obtaining an adequate sealing of the wound and
the high costs of the device represent significant drawbacks
of the technique.

Hyperbaric Oxygen Therapy (HBOT)

HBOT raises oxygen levels in hypoxic tissues, stimulates
angiogenesis and fibroplasias enhancing the wound healing
rate in hypoxic, irradiated tissue. Use of HBOT in patients
with various comorbidities who have failed conservative and
surgical management for complex pathologies has gained
acceptance. However, use of HBOT for PCFs’ closure is
scarcely addressed in the literature.®'* Busoni et al'* recom-
mended HBOT especially for salvage patients who cannot
receive further adjuvant therapy. The authors elaborated
a fistula treatment flow chart; the use of HBOT as complemen-
tary therapy in conservative management is strongly suggested
in patients that underwent STL. The Authors used HBOT in 15
patients and stated that the treatment is highly effective, since
in all cases it eventually promoted complete healing.'> Abu Eta
et al® showed instead a closure rate of 87.5% (1/8 failure) with
HBOT; patients with PCFs that failed conservative measures
were selected for this treatment whose length was reported
between 4 and 45 days (average 28 days). The data published
in the literature are limited but promising; the successful appli-
cation of HBOT in salvage patients may suggest the routine use
of this therapy as complementary conservative measure, since
the standard conservative management in these conditions has
proven to be often uneffective.

Conclusions

Review of the literature about PCF after laryngectomy
showed a wide variety of treatment modalities and treatment
pathways. The choice of the best therapy for PCFs healing
should consider the features of the fistula (size, location, local
conditions of skin and mucosa) but also the general condi-
tions of the patient and the previous administered treatments.
A first attempt of a conservative measure is mandatory in all
cases of PCF. In case of failure of conservative measures
surgical treatment should be considered: direct closure and
local flap are suitable for small defects, pedicled or free flaps
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showed good to excellent results in closure of large and

complex cervical defects. Major flaps are suggested in case
of PCFs that develop after STL, but also in case of PCFs
associated with cervical infections and vessels exposure.
PMF and RFFF are the most used flaps in the literature.
Other non-invasive treatments such as HBOT and NPWT
showed promising results but in limited case series.
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