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Abstract Several reconstructive methods have been reported to restore the continuity of the
aerodigestive tract following resection of pharyngeal and hypopharyngeal cancers.
However, high complication rates have been reported after voice prosthesis insertion.
In this setting, the ileocolon free flap (ICFF) offers a tubularized flap for reconstruction
of the hypopharynx while providing a natural phonation tube. Herein, we systemati-
cally reviewed the current evidence on the use of the ICFF for reconstruction of the
aerodigestive tract. A systematic literature search was conducted across PubMed
MEDLINE, Web of Science, ScienceDirect, Scopus, and Ovid MEDLINE(R). Data on the
technical considerations and surgical and functional outcomes were extracted. Twenty-
one studies were included. The mean age and follow-up were 54.65 years and 24.72
months, respectively. An isoperistaltic or antiperistaltic standard ICFF, patch flap, or
chimeric seromuscular-ICFF can be used depending on the patients’ needs. The
seromuscular chimeric flap is useful to augment the closure of the distal anastomotic
site. The maximum phonation time, frequency, and sound pressure level (dB) were
higher with ileal segments of 7 to 15 cm. The incidence of postoperative leakage
ranged from 0 to 13.3%, and the majority was occurring at the coloesophageal
junction. The revision rate of the microanastomosis ranged from 0 to 16.6%. The
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Head and neck cancers are the sixth most common type of
malignancies worldwidewith a highmortality rate, reaching
approximately 375,000 deaths per year.1 Local and regional
recurrence rates have been reported similar with radiother-
apy in comparison to surgical resection; therefore, radiation
has become the standard of care for early-stage hypophar-
yngeal and laryngeal cancer.2 In advanced-stage disease,
free-margin surgical resections are required. In these cases,
as primary closure is impractical and there is an associated
risk of fistulas, free tissue transfer (FTT) becomes neces-
sary.2,3 In fact, with the implementation of organ preserva-
tion protocols in the treatment of laryngeal and
hypopharyngeal cancer, surgery is often performed in a
salvage setting in which extensive defects and significant
local toxicity can cause a higher complication rate when
comparing primary closure versus FTT.4

Different speech rehabilitation techniques have been
reported following pharyngolaryngectomy including esoph-
ageal speech, the use of electrolarynx, or tracheoesophageal
puncture (TEP) with voice prosthesis insertion.5 In this
context, the most common reconstructive alternatives
used to restore the continuity of the aerodigestive tract for
subsequent voice prosthesis insertion are the jejunal free
flap or fasciocutaneous flaps.2,6,7 These methods have
achieved reasonable results in swallowing and voice function
but are not without disadvantages as a high incidence of
leakage has been recognized at the anastomosis sites or
following TEP. To avoid the insertion of a prosthetic valve,
some institutions have advocated to use an extra portion of
fasciocutaneous flaps to form a skin tube, recreating a voice
shunt between the airway and esophagus.8Nonetheless, this
method does not provide a valve between the trachea and
digestive tract, and sebaceous material from the skin or food
impaction can obstruct the shunt.6,8 Therefore, the only flap
that provides a natural voice tube with an inherent unidirec-
tional valve that assists in the passage of air from the trachea
to the pharynx and prevents regurgitation of food or saliva
into the airwaywith a self-cleansing capacity is the ileocolon
free flap (ICFF). Herein, we performed a review with a
systematic search of the current evidence on the use of the
ICFF for reconstruction of defects following pharyngolaryng-
ectomy, and we provide several technical considerations to
optimize the surgical and clinical outcomes.

Methods

A systematic search was conducted across PubMed Medline,
Web of Science, ScienceDirect, Scopus, and OvidMEDLINE(R)
using the following search terms: ((ileocolon) OR (ileocolic)

OR (Ileocolonic) OR (Ileocecal)) AND ((Free flap) OR (Free
tissue transfer) OR (Free tissue flaps) OR (Microsurgical
reconstruction) OR (microvascular anastomosis) OR (autol-
ogous reconstruction) OR (autologous reconstructive) OR
(autograft) OR (Free graft)) (►Supplementary Table S1, avail-
able in the online version). The inclusion and exclusion
criteria are displayed in ►Table 1.

The level of evidence was evaluated using the Oxford
Centre for Evidence-Based Medicine (OCEBM).9 The risk of
bias was evaluated using the Newcastle–Ottawa Scale (NOS)
for observational cohort studies and case-control studies,
while the Methodological Quality Assessment Tool (MQAT)
was used for case reports and case series (►Supplementary

Table S2, available in the online version).10,11

Flap Design and Surgical Technique
The standard isoperistaltic ICFF was initially described by
Kawahara and colleagues. After positioning the bowel seg-
ment in the recipient bed, the cecum was anastomosed end
to side to the pharynx proximally and the ascending colon
was anastomosed end to end to the remaining esophagus. For
the phonation shunt, a tracheostoma was opened in the
anterior wall of the trachea, leaving at least three tracheal
rings between the tracheal stump and the new tracheos-
toma. Subsequently, while a 28-F tube was inserted through
the ileum, the anterior and posterior aspects of the cecum
were wrapped around the terminal ileum and sutured as a
cecal plication.12 Then, the ileum was anastomosed in an
end-to-end fashion to the tracheal stump (►Fig. 1).12

In patients who underwent an extensive pharyngolaryng-
ectomy with resection of the rhinopharyngeal mucosa, soft
palate, and both tonsillar fossae, an antiperistaltic ICFF was

Table 1 Inclusion and exclusion criteria

Inclusion criteria

• Patient-based studies

• Reconstructive procedures of the aerodigestive tract
using an ileocolon free flap

• Clinical studies reporting surgical outcomes

• Studies written in English

Exclusion criteria

• Review articles

• Studies including pedicled ileocolon flaps

• Studies including pedicled ileocolon flaps with
microvascular blood flow augmentation

• Preclinical studies or animal studies

ICFF provides a reliable and versatile alternative for reconstruction of middle-size
defects of the aerodigestive tract. Its three-dimensional configuration and functional
anatomy encourage early speech and deglutition without a prosthetic valve and
minimal donor-site morbidity.
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versatile due to the wide diameter of the ascending colon. In
these cases, the ascending colon was sutured above to the
rhinopharynx and below to the isthmus faucium, while the
cecumwas sutured to the esophageal stumpusing an end-to-
side anastomosis.13 Sartoris et al strengthened the ileocecal
valve continence by performing a single or double row of
Lembert’s suture along the ileal tract instead of performing
the cecal plication described by Kawahara et al12–14

The detubularized ICFF was resourceful when the poste-
rior pharynx was spared during anterior pharyngolaryngec-
tomies.15 Succo et al developed this techniquewith the same
technical considerations aforementioned. However, the co-
lon segment was sectioned along the antimesenteric tenia.15

These borders were then sutured to the posterior hypophar-
yngeal wall, and the proximal and distal anastomosis were
performed ordinarily (►Fig. 2).15 The ileocolon patch flap
was reported by Kobayashi et al using a partially resected
cecum in conjunction with the terminal ileum.16 This recon-
structive option was practical in patients who have under-
gone only a laryngectomy. The patch flap was sutured to the
anterior hypopharyngeal wall using a layer-to-layer closure.
Phonation was reestablished by anastomosing the ileum to
the proximal end of the trachea. Similarly, the diameter of
the terminal ileum was tightened down by placing three or
four additional sutures in the intestinal serosa (►Fig. 3).16

Mardini et al reported the reverse ileocolon free “Funnel
Flap” for high pharyngeal and esophageal defects to avoid
potential size mismatch at the proximal and distal ends
which was habitually encountered when free jejunal and
colon flaps were used.17 The flap was inset in an antiper-
istalticmanner. The ascending colonwas anastomosed to the
pharyngeal end and the ileum was anastomosed to the
esophageal stump, both in an end-to-end fashion.17 A val-
vuloplasty of the ileocecal valve was required to overcome
the one-way nature of the ileocecal valve andwas performed

by means of full thickness longitudinal incision along the
distal 3-cm of the ileum and the proximal 3-cm of the cecum.
The valvuloplasty was finalized with closure of the full
thickness incision in the opposite direction (►Fig. 4).17

The chimeric seromuscular ICFF (CS-ICFF) was a recon-
structive alternative, specifically designed to prevent leakage
around the distal anastomosis. The ICFFwas raised routinely;
however, an additional 7 cm�3 cm�0.5 cm segment of the
ileal loop was isolated from the border of the ileum. The
mesenteric vascular arcades connecting the ileal segment to
the main flap were consecutively ligated until sufficient
mobility was attained. After the mucosa was removed, the

Fig. 1 Standard isoperistaltic ileocolon free flap (indication: total
pharyngolaryngectomy).

Fig. 2 Detubularized ileocolon free flap (indication: anterior
pharyngolaryngectomy).

Fig. 3 Ileocolon patch flap (indication: laryngectomy).
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ileal segment was positioned in the recipient bed, and the
proximal and distal anastomoses were performed. Then, the
additional seromuscular ileal segment was sutured with
interrupted absorbable sutures to the anterolateral walls of
the coloesophageal anastomosis, with the mesenteric axis
parallel to the coloesophageal suture line (►Fig. 5).6,18

To achieve a better ileocecal valve continence, Hsiao et al
performed a wedge resection of the subserosal tissue of the
ileocecal valve; and the resected site was closed using
absorbable sutures to tighten the sphincter.19 Rampazzo

et al redefined the method that is used nowadays by the
microsurgical team at our institution. This method included
an external plication in which subserosal sutures are placed
between the ileum and cecum to decrease the ileocecal angle
to 30 degrees. Additionally, an internal plication of the
ileocecal valve with interrupted 3–0 absorbable sutures is
performed to achieve a 0.5-cm valve aperture.20

Results

Twenty-one studies met the inclusion criteria and were
included in the final synthesis (►Fig. 6).6,12,13,15–36 The
male-to-female ratio was 8:1. Overall, the mean age was
54.65 years (range: 20–80 years) while the average follow-up
was 24.72 months (range: 1–72 months). The most common
indications for reconstruction with an ICFF were hypophar-
yngeal and laryngeal carcinoma followed by thyroid carci-
noma, esophageal cancer, failed reconstruction with
previous fasciocutaneous flaps, radiotherapy induced necro-
sis, pharyngolaryngeal stricture, and pharyngocutaneous
fistulas (►Table 2).

Six studies reported prior radiotherapy or chemotherapy
(►Table 3).12,15,16,26,28,34 Oncologic staging was reported in
10 studies. Most of these studies included patients with
advanced stage disease, stages III and IV. Only one article
reported patientswith neoplastic disease stage II.19 Themost
common ablative procedure was either a pharyngolaryng-
ectomy or laryngectomy with or without unilateral or bilat-
eral neck dissection. In some cases, extensive resections
were required in which the soft palate and tonsillar fossae
were resected, a total or subtotal thyroidectomy was re-
quired, and/or a glossectomy was performed. Fifteen studies
reported the use of postoperative chemotherapy or radio-
therapy (►Table 3).12,13,15,17–20,24–29,33,35–39

Primary and secondary reconstructions were performed
in 24.6 (n¼134) and in 19.1% (n¼104) of the cases, respec-
tively (►Table 4). The surgical time ranged from 8 to
14.5 hours reported in four studies.13,15,34,37 An isolated
case report stated an intraoperative time of 6 hours in which
the ICFFwas laparoscopically harvested.31 Themeanhospital
stay was 23.09 days (range: 12–62 days), as reported in six
studies.17,23,26,31,35,40 A summary of the type of flaps used,
the recipient vessels, the surgical time, and the mean hospi-
tal stay is exhibited in ►Table 4.

Flap Failure Rate
Overall, most series reported an excellent flap success rate
(>91–100%; ►Table 4). Buck et al. reported a flap loss in a
patient with squamous cell carcinoma of the esophagus
requiring the microanastomosis to the internal mammary
vessels.39 Yang et al reported another flap failure in a patient
with a previous failed reconstruction using an anterolateral
thigh (ALT) flap, a gastric pull-up, and past medical history of
cirrhosis.32 In another series, a complete flap loss was
reported in an overweight patient with past medical history
of chronic obstructive pulmonary disease, diabetes mellitus,
and chronic use of alcohol and tobacco.34 A 91% flap success
rate was reported in the biggest series which comprised 191

Fig. 4 Antiperistaltic inset of an ileocolon funnel flap with ileocecal
valvuloplasty (indication: high pharyngeal and low esophageal
defects).

Fig. 5 Chimaeric seromuscular flap (indication: prevent anastomotic
leakage).
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flaps.6 The incidence of partial flap loss was 5.88%, reported
in two articles.26,34

Complications
An overview of all the reported postoperative complications
is exhibited in ►Table 5. Following reconstruction, the revi-
sion rate of the microanastomosis ranged from 0 to 16.6%,
reported in five studies.12,26,28,35,39 Revision rate due to
bleeding or hematoma was reported in two articles and
ranged from 0 to 16%.12,34 The incidence of postoperative
leakage ranged from 0 to 13.3%, themajority occurring at the
coloesophageal junction.6,28 Only two studies reported a
single patient with pharyngocutaneous leakage in the upper
anastomosis site.19,41 Reinterventions directed to close leak-

age were reported in eight studies.19,20 Leakage was closed
with local skin flaps,6 pectoralis major flaps,18,28,35,41 delto-
pectoral flaps,18,26,28,35 or additional CS-ICFF.18,28 The inci-
dence of stricture ranged from 0 to 10% in series with a
sample size greater than 30.6,26,28,35 Reconstructive proce-
dures to address stricture using additional flaps were
reported in two studies.28,35

Before Tsou et al published the results in which optimal
functional outcomes were attained using an ileal segment
of 7 to 15 cm, the percentage of patients requiring addi-
tional procedures to treat redundancy of the ileal conduit
ranged from 0 to 35.7%. Afterward, the rate decreased to
7.3%.6,26–28 Delayed ileotracheal anastomosis was reported
in two studies.6,26 Also, the size of the tracheal stoma was

Fig. 6 Systematic search flow diagram.
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revised in the studies reported by Karri et al and Chen et al
to improve the clearance of sputum and speech, particularly
following radiation.6,26 In series with a sample size of more
than 30 patients, revision procedures to strengthen the
ileocecal valve competence ranged from 0 to
8.5%.6,19,20,26–28,35 In fact, reinset of the ileum was per-

formed to achieve easier entry of air in 11 out of 191
patients in the series described with the greatest number
of patients.6

Themost common complication reported in several series
was self-limited diarrhea with a duration of 4 days to
4 weeks.6,23,26,35 Eventration was reported in two studies

Table 3 Oncologic treatment reported in included studies

Study (year) Flaps (n) Cancer surgery Stagea Prior chemo/radio
therapy

Adjuvant RT Adjuvant
ChT

Kawahara et al (1992)12 6 PLEþ B/L ND (n¼ 2)
PLEþ B/L NDþmediastinal LND
(n¼ 2)

NR Chemotherapy (n¼ 3)
Radiotherapy (n¼ 1)

(n¼2) (n¼ 3)

Sartoris et al (1999)13 6 PLEþ B/L ND�HemiTh/subtotal Th
(n¼ 5)
PLEþ soft palate and tonsillar
fossae resectionþ B/L
ND�HemTh/subtotal Th (n¼1)

Advanced stage NR (n¼3) NR

Succo et al (2000)15 8 PLEþ B/L ND (n¼ 4)
PLþ B/L ND (n¼ 1)
anterior PLþ B/L ND (n¼ 3)

IV Chemotherapy (n¼ 5)
Radiotherapy (n¼ 5)

(n¼3) (n¼ 1)

Kobayashi et al (2003)16 7 Lþ B/L NDþTh (n¼ 3)
Lþ B/L ND (n¼ 3)
Gþ Lþ B/L ND (n¼ 1)

NR Chemotherapy (n¼ 3)
Radiotherapy (n¼ 4)

NR NR

Mardini et al (2004)41 9 PLE NR NR NR NR

Leu et al (2005)36 12 PL (n¼ 4)
PLþ B/L ND (n¼ 3)
PLþU/L ND (n¼ 5)

III (n¼ 3)
IV (n¼9)

NR (n¼11) (n¼ 11)

Chen et al (2006)21 6 L (n¼12) NR NR NR NR

Rampazzo et al (2008)23 34 L (n¼11)
PL (n¼ 23)

NR NR NR (n¼ 7)

Leu et al (2008)24 15 PLE (n¼ 15) III (n¼ 5)
IV (n¼10)

NR (n¼15) (n¼ 15)

Hsiao et al (2009)19 16 PL (n¼ 5)
PLþ radical ND (n¼11)

II (n¼4)
III (n¼ 7)
IV (n¼5)

NR (n¼16) (n¼ 16)

Tai et al (2009)25 13 NR III (n¼ 3)
IV (n¼9)

NR (n¼13) (n¼ 13)

Karri et al (2011)26 17 Radiation (n¼ 2)
PLþ B/L ND (n¼ 2)
PLþ B/L NDþ subtotal Th (n¼ 2)
PLþ B/L NDþHemiTh (n¼ 3)
PLþU/L ND (n¼ 2)
PLþU/L NDþHemiTh (n¼ 3)
Partial L (n¼ 2)
Thþ larynx necrosis (n¼ 1)

III and IV (n¼ 7) (n¼8) (n¼ 4)

Rampazzo et al (2011)20 35 L
PL

NR NR (n¼15) (n¼ 10)

Perrone et al (2012)18 29 NR NR NR (n¼24) NR

Gharb et al (2013)27 14 PL NR NR (n¼2) NR

Tsou et al (2016)28 30 PL (n¼ 30) NR (n¼ 11) (n¼19) NR

Chen et al (2018)6 191 PL NR NR NR NR

Yang et al (2019)32 14 PL (n¼ 14) NR NR NR NR

Lo Torto et al (2020)35 37 PL (n¼ 37) NR NR (n¼22) (n¼ 21)

Manrique et al (2020)34 34 PL III (n¼ 20)
IV (n¼14)

(n¼ 10) NR NR

Yegin et al (2020)33 12 NR NR NR (n¼11) NR

Abbreviations: B/L, bilateral; ChT, chemotherapy; G, glossectomy; HemiTh/HemTh, hemithyroidectomy; L, laryngectomy; ND, neck dissection; NR,
not reported; PL, pharyngolaryngectomy; PLE, pharyngolaryngoesophagectomy; RT, radiotherapy; TELND, tracheoesophageal lymph node
dissection; Th, thyroidectomy; U/L, unilateral.
aCancer staging using the tumor, node, metastasis (TNM) system for classification.
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Table 5 Recipient and donor site complications, and additional surgical procedures reported in included studies

Study (year) Flaps
(n)

Complications recipient site Complications donor
site

Additional surgeries

Kawahara et al (1992)12 6 Death (hepatic failure, preexisting cirrhosis;
n¼ 1)
Venous congestion (n¼ 1)
Bleeding (n¼ 1)

No abdominal
complications

Revision of venous congestion
(n¼ 1)
Revision due to bleeding (n¼ 1)

Sartoris et al (1999)13 6 Erosive gastric hemorrhage (n¼ 1)
Skin flap necrosis (n¼1)

Eventration POD 17
(n¼ 1) (violent
coughing)

None

Succo et al (2000)15 8 Erosive gastric hemorrhage (n¼ 1)
Skin flap necrosis (n¼1)
Salivary fistula (n¼ 1)
Hemorrhage (n¼ 1)

Eventration POD 17
(n¼ 1) (violent
coughing)

NR

Kobayashi et al (2003)16 7 Death (rupture of carotid artery) (n¼ 1) NR NR

Mardini et al (2004)41 9 Pharyngocutaneous fistula (n¼ 1)
• Upper colon anastomosis

Superficial abdominal
wound infection (n¼ 1)
Abdominal wall
dehiscence (n¼ 1)

Pectoralis major muscle flap for
fistula (n¼ 1)
Abdominal wall closure (n¼1)

Leu et al (2005)36 12 Suicide (n¼1) No abdominal
complications

NR

Chen et al (2006)21 6 NR NR NR

Rampazzo et al (2008)23 34 Hypocalcemia (n¼ 1) Pseudomembranous
colitis (n¼ 1)
Gastroduodenal ulcers
(n¼ 1)
Erosive gastritis with
minimal bleeding
(n¼ 4)
Skin wound dehiscence
(n¼ 1)
Lower abdominal
hernia (n¼ 1)
Intestinal anastomosis
leakage (n¼ 1)
Diarrhea (n¼ 19)

None

Leu et al (2008)24 15 NR NR NR

Hsiao et al (2009)19 16 Late flap necrosis (pedicle damaged in another
operation) (n¼ 1)
Pharyngocutaneous fistula (n¼ 1)
Narrowing (n¼ 3)
Ileocecal valve dysfunction (n¼1)
Tracheal leak (n¼2)
Avascular necrosis of cartilage ring (n¼1)

No abdominal
complications

Pharyngocutaneous fistula closure
(n¼ 1)
Ileocecal valve closure (n¼ 1)

Tai et al (2009)25 13 NR NR NR

Karri et al (2011)26 17 Partial flap necrosis (n¼ 1)
Pedicle thrombosis (n¼ 2)
Neck-wound dehiscence (n¼1)
Stricture at colooesophageal anastomosis
(n¼ 1)
Unable Ileotracheal anastomosis for voice
(n¼ 1)

Self-limited diarrhea (a
few)

Release of stricture (n¼ 3)
Shortening of ileal loop (n¼ 2)
Tracheostomy revision (n¼ 7)
Buccal Ca resection (n¼ 1)
Deltopectoral flap (n¼ 2)
Plication of the ileocecal valve
(n¼ 1)
Microsurgical revision (n¼ 2)
Delayed ileotracheal anastomosis
(n¼ 1)

Rampazzo et al (2011)20 35 Incompetence of the ileocecal valve (n¼ 5)
Tracheoesophageal fistula (n¼ 1)
Pneumonia (n¼ 4)

NR Closure of the pathologic
tracheoesophageal fistula (n¼1)
Internal plication of the ileocecal
valve (n¼ 3)

Perrone et al (2012)18 29 Anastomotic leakage (n¼ 5)
• Isoperistaltic (n¼ 4)
• Chimaeric seromuscular flap with free
ileocolon flap (n¼ 1)
Recurrent cough (n¼ 5)

NR DP flap or PMMC flap for fistula
Normal flap (n¼ 3)
Additional seromuscular flap
(n¼ 1) in a previous standard flap
(n¼ 1)

Gharb et al (2013)27 14 Incontinence of the ileocecal valve (n¼ 5)
Redundancy of the ileal conduit (n¼5)

NR Correct incontinence of ileocecal
valve (n¼ 5)
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only in one patient, secondary to violent coughing.13,15Other
donor site complications included surgical site infection and
symptoms related to intestinal ileus due to surgery-induced
adhesions.6,23,26,35,41

Rampazzo et al specifically investigated the donor-site
morbidity in 34 patients undergoing reconstruction with
ICFF. The most common complications experienced were
self-limited diarrhea (n¼19), erosive gastritis with minimal
bleeding (n¼4), pseudomembranous colitis (n¼1), gastro-
duodenal ulcers (n¼1), skinwound dehiscence (n¼1), lower
abdominal hernia (n¼1), and intestinal anastomosis leakage
(n¼1). Postoperative chemotherapy was significantly asso-
ciated with diarrhea (p<0.01).23

Yegin et al reported a series of 12 ICFFs that required
revision procedure to shorten the flap for functional im-
provement, performed at an average of 3 months postopera-
tively. In these cases, nine venous and two arterial pedicle
divisions were necessary. No venous pedicle divisions re-

quired reanastomosis. However, all arterial pedicle division
cases required immediate restoration due to instantaneous
ischemic intestinal changes.33

Quality of Life and Functional Outcomes
An overview of the outcomes related to quality of life (QoL),
speech, and deglutition is exhibited in ►Table 6. Using the
QLQ–C30 in a group of 17 patients, a score of 55.9 was
reported for global QoL/general health, and the average score
for the five functional subscales ranged from 59.8 to 83.3
which suggested an overall average-to-good postoperative
functionality.6,26 Also, when compared with the pneumatic
artificial larynx (PAL), the ICFF yielded better outcomes
regarding the severity of depression (p¼0.72) and anxiety
(p¼0.311), and better intelligibility (p¼0.004), loudness
(p¼0.065), and fluency of speech (p¼0.004).21

In recent series using a 7-point Likert’s scale to evaluate
deglutition after reconstruction in which 1 represented

Table 5 (Continued)

Study (year) Flaps
(n)

Complications recipient site Complications donor
site

Additional surgeries

Stricture formation at pharyngocolic junction
(n¼ 4)

Redundancy of the ileal conduit
(n¼ 5)
Enterolysis (n¼ 4)

Tsou et al (2016)28 30 Vascular compromise (n¼ 2)
Incompetence of the ileocecal valve (n¼ 5)
Leakage and fistula (n¼ 4)
Stricture (n¼ 3)

NR Vascular compromise (n¼ 2)
Transcolic plication of the ileocecal
valve (n¼ 5)
Deltopectoral flap (n¼ 2)
PMMC flap (n¼ 1)
Seromuscular flap (n¼1)
Reconstruction for stricture (n¼ 3)

Chen et al (2018)6 191 Death pneumonia POD 13 (n¼ 1)
Leak at the junction of colon (n¼ 6)
Voice tube was too long (n¼ 14)
Stricture (n¼ 2)
Ileocecal valve incompetence (n¼ 8)
Small ileotracheal junction (n¼ 11)
Tracheal stoma was narrowed (n¼ 14)
Coloesophageal stenosis (n¼ 5)

Intestinal adhesion
(n¼ 3)
Abdominal wound
dehiscence (n¼ 1)
Self-limited diarrhea
(n¼ 5)

Local skin flaps (n¼ 6) for leaks
Enterolysis and relief of obstruction
(n¼ 2)
Abdominal wound dehiscence
repair (n¼ 1)
Ileum segment shortening (n¼ 14)
Ileocecal valve narrowing (n¼ 8)
Ileum was reinset to increase the
orifice (n¼ 11)
Tracheal stoma was narrowed
(n¼ 14)

Yang et al (2019)32 14 Flap failure (n¼ 1)
Sepsis (n¼ 1)
Skin defect (n¼ 1)
Unable ileotracheal anastomosis for voice
(n¼ 1)

Ventral hernia (n¼ 1) PM flap: flap failure (n¼ 1)
STSG: skin defect (n¼ 1)

Lo Torto et al (2020)35 37 Surgical revision due to arterial thrombosis
(n¼ 1)
Aspiration (n¼ 3)
Death POD 13 (n¼ 1; aspiration)
Neoesophagocutaneous fistula (n¼ 2)
stricture at the neoesophagus (n¼ 1)

Ileus (n¼ 1)
Self-limited diarrhea
(n¼ 7)
Secondary abdominal
procedures (n¼ 0)

Microsurgical revision (n¼ 1)
Narrowing for the ileocecal valve for
aspiration (n¼ 2)
PM flap for fistula (n¼ 1)
DP flap for fistula (n¼ 1)
PM for stricture (n¼ 1)

Manrique et al (2020)34 34 Hypotension >requiring vasopressors (n¼ 3)
Nonplanned/attempt-self extubation (n¼ 2)
Postoperative bleeding/hematoma (n¼ 2)
Pneumonia (n¼ 1)
Partial flap loss (n¼ 2)
Complete flap loss (n¼ 1)

NR Partial flap loss revision (n¼ 2)
Complete flap loss (n¼ 1)
Hematoma evacuation (n¼1)

Yegin et al (2020)33 12 Immediate paleness and loss of peristalsis in
the two cases of arterial pedicle division (n¼ 2)

NR/NA Anterior wall reconstruction (n¼ 1)

Abbreviations: DP, deltopectoral flap; NA, not applicable; NR, not reported; PM, pectoralis major flap; PMMC, pectoralis major myocutaneous flap;
POD, postoperative day; SSTG, split-thickness skin graft.
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severe complaints and inability to swallow, and 7 repre-
sented swallowing without complaints, 78% of the patients
had a score between 5 and 7, while 22% had a score of 4 or
less.6,35 Perrone et al reported a median swallowing score of
5 while 50% of patients had minimal complaints or dry
swallowing at the last follow-up.18 Using the same 7-point
scale, Tsou et al reported scores of 4.3 (�0.5), 4.6 (�0.7), and
4.3 (�0.4) when the ileum length was of <7, 7–15, and
>15 cm, respectively.28

Three series reported consistent outcomes regarding the
mean phonation time (MPT), frequency, and dynamic
range.6,26,35 The average phonation time was 10.25 seconds
(range: 3–28 seconds), the mean frequency was 120Hz
(range: 89.5–177.4Hz), and the dynamic range was 59dB
(range: 47.8–74.9 dB). Tsou et al reported the same param-
eters comparing different ileum lengths. The maximum
phonation time, frequency, and sound pressure level (dB)
were higher with ileal segments of 7 to 15 cm in comparison
to segments of <7 or >15 cm.28 However, only sound pres-
sure was statistically significant (p¼0.01).

Using a 5-point Likert’s scale in which 1 represents no
voice and 5 represented a very good outcome, good results
(score >12) were reported in 64% of patients, moderate
results (score 9–11) in 21%, and substandard results (score
<9) in 6% of patients (►Supplementary Table S3, available in
the online version).6 Using a simplified 5-point Likert’s scale,
ICFFs with an ileum length between 7 and 15 cm yielded
higher scores for loudness (3.6�0.6), intelligibility
(3.8�0.3), andfluency (3.5�1.2) in comparison to segments
of <7 or >15 cm.28 Nevertheless, only loudness was statisti-
cally significant (p¼0.03).28 Perrone et al reported that at
least 50% of patients spoke long sentenceswith an intelligible
voice and moderate loudness.18

Discussion

Currently, several techniques exist for the reconstruction of
postlaryngectomy defects. Nonetheless, due to its biological
structure, the ICFF has the unique capacity to restore the
continuity of the upper digestive system while offering func-
tional tissue for voice rehabilitation and an intrinsic mecha-
nism to avert aspiration without foreign prosthetic material.6

Moreover, the unconstrained peristalsis and the biologic
secretions supply intestinal flaps with a natural self-cleansing
machinery that prevents obstruction of the reconstructed
phonation tube.6,20,26 In contrast to the ICFF, fasciocutaneous
and jejunal free flaps require a trachea-esophageal prosthesis
to generate voice which ultimately results in increased mor-
bidity. In fact, the incidence of leakage around a speech
prosthetic valve following TEP enlargement is acknowledged
to be between 1 and 29% with a 3-fold increased risk of
aspiration pneumonia, a 20 to 30% mortality rate, and 14%
long-lasting requirements of nutritional support via percuta-
neous gastrostomy.42–44 Therefore, for young patients with
better prognosis, no comorbidities, and long life expectancy,
the ICFF is a fair alternative. For older patients or patientswith
poor prognosis, a skin flap with voice prosthesis can be
considered as in initial choice.

Multiple techniques have been conveyed to strengthen
the competence of the ileocecal valve following ICFF transfer.
For instance, a cecal plication around the terminal ileum, the
application of Lembert’s sutures along the longitudinal axis
of the ileum, or a combined approach with a wedge excision
and reinforcement with sutures of the terminal ileum have
been described.15,16,19,20 Nevertheless, optimal outcomes
are usually encountered with a multimodal internal and
external valve plication to attain a residual aperture of
0.5 cm, yielding a minimal incompetent valve rate of
3.33%.20 On the other hand, with solely external plication,
or external and internal plication but a residual aperture of
1 cm, incompetence of the ileocecal valve is seen in 100% of
patients.20

Frequently, small and proximal fistulas have a higher
spontaneous resolution rate with conservative techniques.
Yet, a proper surgical management may be required with
larger and distally located fistulas, especially following ra-
diotherapy.18,45,46 Since first described by Kawahara et al in
1992, the use of the ICFF has been undertaken due to its
versatility. However, early postoperative fistulas at the level
of the distal anastomosis signified a challenging complica-
tion, ultimately contributing to postoperative morbidity,
further surgical revisions, extended hospital stay, delayed
adjuvant therapy, and worst functional otucomes.18,45 Local
flaps are usually the first alternative for fistula closure due to
their location and feasibility, but their use can be restricted
when local radiation, infections, or bilateral neck dissections
have been performed.18,45 In response to this phenomenon,
the use of the CS-ICFF to augment the distal anastomotic site
closure in contemporary series has been deemed to provide a
lower distal anastomosis leakage rate (7%), in comparison to
the standard ICFF (27%).6,18

In contrast with several fasciocutaneous flaps which do
not present significant complications after 4 to 5 hours of
ischemia, the ICFF has activated intestinal enzyme in the
lumen, a high concentration of bacterialflora, and a relatively
highmetabolic ratewhich causes significant microstructural
changes (autolysis) notable even after 30minutes of ische-
mia.6,27 Therefore, ischemia time is a crucial determinant not
only of flap survival but also for optimal functional out-
comes; as even after an ideal microvascular anastomosis, the
bowel segment will not survive if the ischemia time was
extensive (>1hour).6 Therefore, an adequate pre- and intra-
operative recipient vessel selection is paramount to reduce
ischemia.

Several authors have reported that fibrosis of recipient
vessels can be the utmost adverse prognostic element in
head and neck reconstruction with FTT when preceding
surgery or radiotherapy has been performed.30,47 Therefore,
for a safe anastomosis, several authors have reported the
transverse cervical artery (TCA) and external jugular vein as
the preferred recipient vessels.6,48–50 The TCA is usually
uninjured by former ablative surgical procedures or radia-
tion, has an exceptional size match for pedicles of intestinal
flaps, and the risk of kinking is minimal.6,48,50 Alternatively,
recipient vessels that have been suggested when the ipsilat-
eral TCA is unsuitable include the retrograde flow TCA, the
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superficial temporal artery (STA), thoracoacromial branches,
the internal mammary artery with/without an interposing
vein graft, contralateral neck vessels, and even branches of
previous or simultaneous flaps.30,39,51 Regarding the venous
drainage, the external jugular vein is idyllically situated to
permit inset without kinking with an outstanding size
match.6 Nonetheless, if the recipient veins are small follow-
ing radiotherapy, the cephalic vein can be selected promptly.
Finally, an extended dissection proximal from the region of
the oncologic procedure helps avoid potential injured areas
that may not be clearly identified macroscopically.6

Longer ICFF may negatively impact voice production as
they can be bulky, leading to compression and augmented
airflow resistance. Conversely, shorter flaps may decrease
the external tension to the ileocecal valvewhich causes air to
leak and aphonia, as the valve is not able to close in a natural
position.28,52 Therefore, loudness, MPT, and sound pressure
levels are best when ileum segments measure from 7 to
15 cm.28,52 With these modifications, the ICFF has compara-
ble functional outcomes with other flaps. For instance, the
MPT for the radial forearm freeflap and the anterolateral free
flap has been reported to be 9.3 (�3.6) and 9.9 (�3.9) seconds
in other studies, respectively, in comparison to 10.25 seconds
of the ICFF.53 Additionally, an overall dynamic range of 59dB
was obtained with the ICFF which was equivalent to primary
closure (56.36�4.76dB), the radial forearm free flap
(54.55�3.83dB), and the jejunal free flap (56.09�5.96dB)
when used for the reconstruction of the aerodigestive tract.

Regarding the ileotracheal anastomosis, when feasible, an
end-to-end ileotracheal anastomosis is preferred as it allows
for optimal airflow.54 However, most patients have a very
short residual tracheal stump. In these cases, an end-to-side
ileotracheal anastomosis with a tracheal opening of >1 cm
can be employed.54,55 When the previous methods are
impracticable, the inlet of the tracheal stump can also be
partially sutured to the inlet of the voice tube with an
additional reconstructed voice hood over the ileum inlet to
aid phonationwithfinger occlusion of the tracheostome.54,55

Fasciocutaneous free flaps are considered the gold stan-
dard in many institutions mainly because of the low donor
site morbidity in comparison with abdominal surgery.35,56

Nevertheless, during tubularization an extra vertical suture
is required, possibly contributing to a fistula rate of 13 to 24%
and a stricture rate of 16.3 to 26% when using fasciocuta-
neous or myocutaneous flaps.35,57–59 Moreover, the incom-
patible skin-mucosa interface at the junction of
fasciocutaneous flaps and the remnant of the esophagus,
in addition to the hypovascularized and vulnerable T junc-
tion of tubular fasciocutaneous flaps, may explain the high
incidence of fistulas occurring both proximally and distal-
ly.18,35,57 Additionally, even after appropriate wound heal-
ing, narrowing at the junction of skin tube and the thoracic
esophagusmay still occur in the long-term as the skin ismore
susceptible to contracture after long-standing exposure to
saliva, regurgitated food, and gastric acid.

Fistulas usually occur at the pharyngoesophageal junction
when using the free jejunal flap due to the anastomosis size
mismatch between the jejunal segment and the pharyngeal

remnants.18,45,60,61 Conversely, the greater caliber of the
cecum allows for a facile anastomosis proximally; however,
the ascending colon has a significant size mismatch com-
paredwith the esophagus whichmay account for most of the
leakages found at the coloesophageal junction using the
ICFF.6,18 In this setting, the CS flap offers additional
vascularized tissue to the anterior wall which decreases
the anastomotic leakage rate without affecting outcomes
regarding swallowing and speech function or increasing
donor site morbidity.6,18 Additionally, the senior authors
(H.-C.C. and O.J.M.) also recommend a longitudinal cut at
the upper end of thoracic esophagus before finishing the
coloesophageal anastomosis, as it has shown to widen the
circumference, decrease the risk of stricture, and lessen the
size mismatch.

Despite not homogeneously reported, diarrhea was a
commonly encountered complication related with the
ICFF.35,62 Nevertheless, this complication was usually self-
limited and rarely required pharmacological treatment.26,35

While Rampazzo et al found a significant association be-
tween postoperative chemotherapy and the incidence of
diarrhea (p<0.01), this phenomenon is also believed to
be secondary to the resection of the ileocecal valve and a
postoperative period of bowel adaptation.26,35

Besides postoperative diarrhea, the incidence of major
donor site complications was relatively low, suggesting flap
harvest is a safe procedure. Some relevant aspects to be
consider for flap harvest is amultidisciplinary team inwhich
an experienced surgeon harvest the ileocolon flap. Addition-
ally, as harvesting this flap in theory is a controlled proce-
dure, which means there is not an underlying intra-
abdominal pathologic or inflammatory process, the donor
sitemorbidity is usually low. In fact, the rate of postoperative
intestinal adhesion is overall low, ranging from 1.6 to 2.7% in
comparison to other laparotomy procedures (7.3–23%).63

Furthermore, the intestinal anastomosis leak and the inci-
dence of abdominal hernia has been reported to be 0 to 2.9%
in series with more than 30 patients.6,23,30,32

Conclusion

Thedifferentdesignsof the ICFFprovideaversatileandreliable
alternative for reconstruction of middle-sized defects involv-
ing the hypopharynx, larynx, and proximal esophagus. Its
three-dimensional configuration and functional anatomy
encourages early speech anddeglutitionwhich, in turn, allows
for early adjuvant therapy within an optimal time frame
coupled with minimal donor-site morbidity.
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