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Background: Free ileocolon flap surgery is an effective technique for voice
reconstruction in hypopharyngolaryngectomy defects. A tracheoesophageal fis-
tula is created using an intestinal conduit characterized by secretions and a
resident microbial flora. The aim of this study was to investigate the respiratory
complications and modifications of the regional flora following ileocolon flap
transfer.
Methods: A retrospective study was conducted on 35 patients who underwent
voice reconstruction with the free ileocolon flap. The prevalence of respiratory
symptoms, aspiration, and respiratory tract infections was studied and the man-
agement of respiratory complications was recorded. Ten patients were included
in a cross-sectional study to evaluate the bacterial flora of the voice tube and the
tracheostomy site.
Results: Six patients experienced aspiration of food into the trachea caused by
incompetence of the ileocecal valve (n � 5) or pathologic tracheoesophageal
fistula (n � 1). Four patients presented with pneumonia. In one case, pneu-
monia was consequent to aspiration caused by incompetence of the ileocecal
valve. Radiotherapy, chemotherapy, and age older than 55 years did not influ-
ence the continence of the ileocecal valve. Mean follow-up was 34.2 months.
Escherichia coli was the organism cultured most frequently.
Conclusions: Reconstruction with the free ileocolon flap was shown to be a
possible therapeutic option when considering the consequences on the lower
respiratory tract. Aspiration was the main complication and was avoided by
internal plication of the valve and by reduction of the ileocecal angle. Awareness
of the nature of the bacterial flora colonizing the trachea and voice tube could
be helpful in guiding the empirical antibiotic therapy in case of
infection. (Plast. Reconstr. Surg. 127: 1916, 2011.)

Restoration of voice simultaneous with recon-
struction of the digestive tract in patients
undergoing hypopharyngolaryngectomy

has an important impact on the quality of life of
the patients. Among the numerous techniques re-
ported to achieve this aim, the free ileocolon flap,
described in 1992 by Kawahara et al.,1 allows re-
construction of the alimentary segment with ce-
cum and ascending colon, whereas a phonatory

shunt is fashioned from the terminal ileum. The
latter is anastomosed end to end, or end to side,
to the tracheal stump and directs the air flow to the
neopharynx. This technique offers several advan-
tages: a strong air source (trachea), a biological air
conduit (terminal ileum), a vibratory mechanism
(ileocecal valve), and a mechanism for prevention
of aspiration (ileocecal valve).

In recent years, several series have been pub-
lished by different centers confirming the reliabil-
ity of the procedure in obtaining an intelligible
voice and reporting a low incidence of comp-From the Plastic Surgery Department, China Medical Uni-
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lications.2–5 However, none of these addressed spe-
cifically the occurrence of lower respiratory tract
symptoms and pulmonary complications associated
with this technique. The purpose of the present
study was to investigate the prevalence of lower re-
spiratory tract morbidity in patients undergoing re-
construction of the hypopharynx with a free ileoco-
lon flap and to study the modifications, if any, of the
bacterial flora of the patients at the tracheostomy site
following flap transfer.

PATIENTS AND METHODS

Retrospective Study
A retrospective study was conducted between

March of 2004 and December of 2008 on 35 pa-
tients undergoing either voice or voice and swal-
lowing reconstruction following laryngectomy or
hypopharyngolaryngectomy with free ileocolon or
free ileocecal patch flaps. Primary reconstructions
were performed at the same time of laryngectomy
or hypopharyngolaryngectomy. Secondary recon-
structions were performed for restoration of voice
in patients who had undergone earlier laryngec-
tomy or for reconstruction of the digestive tract
and voice following recurrence of cancer in pre-
viously laryngectomized patients. All of the oper-
ations were performed by the senior author
(H.-C.C.). The study was approved by the institu-
tional review board.

Relevant Surgical Details
The surgical procedure has been described

elsewhere.4 In this article, we summarize the tech-
nical details of relevance to the present study.

All patients received a mechanical bowel prep-
aration on the night before surgery. A free ileo-
colic flap based on ileocolic vessels was harvested
through a midline laparotomy incision. The flap
was raised with two different resection lengths. For
patients presenting with laryngeal and esophageal
defects including more than 30 percent of the
circumference, the mean lengths of ileum and
colon were 17 � 2 cm and 24 � 4 cm, respectively.
If only laryngectomy was performed, or when the
esophageal defect was less than 30 percent of the
circumference, a patch of colon was harvested
(free ileocecal patch flap).6 In this type of recon-
struction, the mean lengths of ileum and colon
were 13 � 1 cm and 9 � 3 cm, respectively. After
division of the pedicle, the flap was irrigated abun-
dantly with diluted povidone-iodine (Betadine
10%; Sinphar Pharmaceutical Co., I-Lan, Taiwan)
and saline. Cotton-tipped applicators soaked in

povidone-iodine were used to clean both bowel
stumps and to remove any residual stool.

The flap was transferred to the neck and the
microvascular anastomoses were performed. Sub-
serosal sutures were placed between ileum and
cecum to decrease the ileocecal angle to 30 de-
grees (external plication) (Fig. 1). The distal end
of the cecum was opened and the ileocecal valve
was plicated with interrupted 3-0 polydioxanone
sutures, leaving 0.5 cm of the valve patent to allow
air flow (internal plication) (Fig. 2). After plica-
tion of the ileocecal valve, the ascending colon was
used to reconstruct the hypopharynx and cervical
esophagus in an isoperistaltic direction, and the
terminal ileum was anastomosed end to end or
end to side to the tracheal stump, proximal to the
tracheostomy site.

The technique described for reinforcing the
continence of the ileocecal valve represents the
current method used at our institution (the evo-
lution of the procedure and its implications are
reported in the Discussion section).

Patient Data and Statistical Analysis
Patients’ charts were reviewed and informa-

tion regarding patient demographics, diagnosis,

Fig. 1. Free ileocolon flap for voice reconstruction in hypo-
pharyngolaryngectomy defects. The cecum and ascending co-
lon form the neoesophagus and the terminal ileum creates a
shunt between the trachea and the neoesophagus. Subserosal
sutures between the ileum and the cecum close the ileocecal
angle, reducing the chances for aspiration (external plication).
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associated diseases, type of reconstruction, and
adjuvant or neoadjuvant radiotherapy or chemo-
therapy was recorded. Prevalence of chronic
cough, sputum, fever, reflux of food into the voice
tube, symptomatic aspiration, and respiratory in-
fections was studied and medical and/or surgical
treatment of respiratory complications and rea-
sons of death were registered.

Chronic cough was defined as persistence of
the symptom for more than 3 weeks. Tracheo-
bronchitis was diagnosed in the presence of fe-
ver (body temperature �38.5°C), leukocytosis
(white blood cell count �12,000 � 106 cells/
liter), or leukopenia (white blood cell count
�4000 � 106 cells/liter) and the presence of
purulent tracheal secretions. The diagnosis of
pneumonia was made only when the previous
criteria were combined with radiographic evi-
dence of pulmonary infiltrates.

Differences in the prevalence of respiratory
complications between patients who underwent
reconstruction with an ileocecal patch or ileocolic
flaps were analyzed by means of Fisher’s exact test.
The possible effect of radiotherapy, chemother-
apy, and age (�55 years) on the continence of the
ileocecal valve was evaluated with the Fisher’s ex-
act test. The Fisher’s test was used to assess dif-
ferences in occurrence of respiratory symptoms
before and after reconstruction in patients who
underwent a secondary reconstruction.

Cross-Sectional Study
Ten patients included in our retrospective

study were regularly attending the outpatient
clinic between September of 2007 and December
of 2008, and were enrolled in a cross-sectional
study to evaluate the bacterial flora of the voice
tube and the tracheostomy site. The only exclu-
sion criterion was systemic treatment with antibi-
otics at the time of sampling. The study was ap-
proved by the institutional review board, and the
patients signed a written informed consent before
enrollment.

Samples of the voice tube and tracheal secre-
tions at the tracheostomy site were taken for aer-
obic and anaerobic microorganisms at three rou-
tine follow-up visits, with 30-day intervals. The
specimens were sent to the microbiology labora-
tory and processed qualitatively and quantitatively
to detect the level of carriage.

Bacterial growth was defined as light (�106

colony-forming units/ml), moderate (�106 colony-
forming units/ml), or heavy (�107 colony-form-
ing units/ml). Colonization was defined as
light growth of bacteria in the trachea at the
stomal site.7

RESULTS
There were 33 men and two women included

in the retrospective cohort, with a mean age of 57
years (range, 38 to 80 years). Indications for sur-
gery were hypopharyngeal cancer in 25 patients
(71 percent), laryngeal cancer in nine patients (26
percent), and thyroid cancer in one patient (3
percent). Eleven patients (31 percent) underwent
reconstruction with a free ileocecal patch flap, and
24 patients (69 percent) required a free ileocolon
flap for reconstruction of the esophageal defect.
Seventy-one percent of the reconstructions were
performed secondarily, whereas in 29 percent the
reconstruction was performed simultaneous with
the resection of the cancer. Fifty-one percent of
the patients suffered from associated conditions.
All flaps survived completely. The mean follow-up
was 34.2 months. Six patients received concomi-
tant adjuvant radiochemotherapy, nine patients
received adjuvant radiotherapy, and one patient
received adjuvant chemotherapy.

During the follow-up, 16 patients (46 percent)
presented with chronic cough and 17 patients (49
percent) suffered from episodic sputum. In lar-
yngectomized patients who underwent secondary
reconstruction, there was no difference in the
prevalence of these symptoms before and after
reconstruction (p � 0.71).

Fig. 2. The diameter of the ileocecal valve is reduced to 0.5 cm to
increase the continence of the sphincter (internal plication).
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In this series, one patient underwent only ex-
ternal plication of the ileocecal junction (patient
9) (Table 1). Four patients received both external
and internal plication of the ileocecal valve with
the residual aperture of 1 cm (patients 7, 11, 12,
and 17) (Table 1). All of these patients subse-
quently experienced aspiration. The remaining 30
patients underwent both external and internal pli-
cation of the ileocecal valve with the residual pa-
tency of 0.5 cm. Among these, there was only one
case of aspiration caused by a tracheoesophageal
fistula (patient 18) (Table 1).

Overall, six patients (17 percent) experienced
leakage of alimentary conduit content into the
trachea. This was caused in five cases by the in-
competence of the ileocecal valve and in one case
by a pathologic tracheoesophageal fistula. Two
patients (patients 11 and 12) (Table 1) either were
asymptomatic or presented episodic cough and
were treated conservatively. Surgical treatment for
the remaining patients included closure of the
pathologic tracheoesophageal fistula (n � 1), fur-
ther internal plication of the ileocecal valve (patients
7 and 17) (Table 1), and internal plication of the
valve in one patient who previously had received only
external plication (patient 9) (Table 1).

Twenty-five patients underwent secondary re-
construction. In 14 patients, the reconstruction
was performed with a free ileocolon flap, and in 11
cases, reconstruction was performed with a free
ileocecal patch flap. Among these patients, aspi-
ration, caused by incontinence of the valve, oc-
curred in three patients who underwent recon-
struction with a free ileocolon flap and in two
patients who underwent reconstruction with a free
ileocecal patch. These differences were not statis-
tically significant (p � 1.00). The difference was
not significant (p � 0.64) also when comparing the
aspiration rate in reconstructions performed with a
free ileocecal patch (secondary only, 11 patients)
with all reconstructions performed with a free ile-
ocolon flap (primary and secondary, 24 patients).
Adjuvant radiotherapy, chemotherapy, and age of
the patients were not associated with increased prev-
alence of aspiration (p � 0.67, p � 1, and p � 0.67,
respectively).

Four patients (11 percent) presented with
pneumonia. In only one case was pneumonia
consequent to aspiration, and it was caused by
incompetence of the ileocecal valve. The patient
was admitted and received systemic antibiotic
therapy. Two months later, internal plication of
the ileocecal valve was performed to avoid re-
currence (patient 9) (Table 1). One case was
community-acquired pneumonia treated by

means of an outpatient regimen. The tubercu-
lotic pneumonia was treated with antitubercular
therapy and the patient with metastatic disease
was admitted and received systemic antibiotic
treatment.

Four patients (11 percent) died during the
follow-up period as a result of metastatic disease.
There were no deaths related to respiratory
problems.

Sixty specimens (trachea, n � 30; voice tube,
n � 30) were collected from 10 patients (Table 2).
Gram-negative aerobes represented 66 percent
and 63 percent of all isolates from trachea and
voice tube, respectively. Gram-positive aerobes
were predominantly present in the tracheal sam-
ples (30 percent), whereas Gram-negative anaer-
obes were mainly present in the voice tube (20
percent). Overall, Escherichia coli was the organism
cultured most frequently (Fig. 3).

DISCUSSION
Although reconstruction of the cervical esoph-

agus and hypopharynx with intestinal flaps has
been widely reported in the literature, the tradi-
tional techniques often fail to restore the voice,
with an important impact on the quality of the life
of the patients. Since its original description in
1992,1 the popularity of the free ileocolon flap has
increased, as it allows simultaneous reconstruction
of the voice and swallowing functions with autol-
ogous tissues. Since 1995, we have performed 78
free ileocolic flaps for reconstruction of voice and
swallowing in patients undergoing hypopharyn-
golaryngectomy. Our4 and other groups’5,8,9 clin-
ical experience showed that the procedure is re-
liable in achieving an intelligible voice with low
donor-site morbidity. However, the prevalence of
the respiratory complications related to the tra-
cheoesophageal shunt and risks associated with an
intestinal conduit producing secretions with a
high bacterial count at the inlet of the tracheos-
tomy were not addressed in the previous reports.

One of the main advantages of the free ileo-
colic flap is the presence of an intrinsic mecha-
nism to avert aspiration: the ileocecal valve. Al-
though the intrinsic tone and the continence of
the valve are not dependent on the integrity of the
extrinsic nervous supply,10 several techniques have
been described to increase the competence of
the valve following transfer as a free flap: wrapp-
ing the anterior and posterior walls of cecum
around the terminal ileum,1 application of Lem-
bert sutures along the ileal tract,9,11 and combined
excision of a wedge of the ileocecal valve and
application of sutures between the terminal ileum
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and the cecum.5 We started to perform free ile-
ocolon flap surgery for voice reconstruction in
1995. Initially, we applied only subserosal Lembert
sutures along the ileal wall to increase the resis-
tance of the conduit and the pressure at the ileo-
cecal junction (as described by others9,11). This

alone proved insufficient to avert aspiration.
Therefore, we abandoned this technique and in-
troduced the “external plication” of the ileocecal
juncture with adjustment of the ileocecal angle.
Aspiration persisted, but at a lower rate. Thus, we
supplemented the technique with an internal pli-
cation of the valve. In this evolution, a residual
aperture of the ileocecal valve set at 0.5 cm was
sufficient to avert aspiration without compromis-
ing voice generation. Among the patients in the
present series who experienced aspiration, one
had received only external plication of the ileo-
cecal junction (this patient required internal pli-
cation of the valve with a 0.5-cm aperture). Four
patients had undergone external and internal pli-
cation with the residual aperture of the ileocecal
valve greater than 1 cm after internal plication. In
two patients, aspiration was episodic and was
treated conservatively (patients 11 and 12) (Table
1). The other two patients required further plica-
tion of the valve to achieve resolution of the symp-
toms (patients 7 and 17) (Table 1).

The mechanisms adopted to augment the con-
tinence of the valve (adjustment of the ileocecal
angle and the ileocecal valve aperture) were suf-
ficient to protect patients who underwent recon-
struction with a free ileocecal patch flap as well. It
has been shown that the terminal 30 cm of ileum
and the proximal 5 cm of colon constitute a spe-
cialized zone, the ileocolic junctional segment,

Fig. 3. Spectrum of the bacterial isolates from the voice tube and trachea. Gram-negative
aerobes represented the majority of the isolates. Escherichia coli was the organism cul-
tured most frequently.

Table 2. Bacterial Isolates from the Voice Tube and
Tracheostomy Samples*

Bacterium Type
Trachea

(%)
Voice

tube (%)

Aerobes
Gram-negative

Escherichia coli 15 (50) 28 (93)
Morganella morganii 12 (40) 9 (30)
Pseudomonas aeruginosa 12 (40) 3 (10)
Klebsiella pneumoniae 9 (30) 4 (13)
Serratia marcescens 6 (20) 3 (10)
Proteus mirabilis/Proteus vulgaris 7 (23) 2 (6.6)
Providencia species 4 (13) 1 (3.3)
Haemophilus influenzae 4 (13) 3 (10)

Gram-positive
Staphylococcus aureus 16 (53) 1 (3.3)
Staphylococcus epidermidis 5 (16.6) 0 (0)
Corynebacterium species 7 (23) 1 (3.3)
Streptococcus group B 3 (10) 0

Anaerobes
Gram-positive

Peptostreptococcus species 4 (13) 4 (13)
Lactobacillus 0 5 (16.6)

Gram-negative
Bacteroides species 1(3.3) 15 (50)
Prevotella 0 5 (16.6)

*Numbers indicate the positive cultures per microorganism.
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which contributes to the sphincteric tone.12 Har-
vest of a patch of cecum disrupts this mechanism
and could potentially increase the aspiration rate.
Patients undergoing reconstruction with the ileo-
cecal patch flap did not show an increased inci-
dence of aspiration compared with those under-
going free ileocolon flap surgery.

Although concurrent chemoradiotherapy has
been reported to negatively affect the voice and
swallowing following reconstruction with the free
ileocolon flap,5 chemotherapy and radiotherapy
did not significantly increase the inhalation rate in
our patients. Overall, the most frequent com-
plaints were represented by chronic cough and
daily production of sputum, affecting 46 percent
and 49 percent of the patients, respectively. We
believe that the prevalence of chronic cough and
sputum in these patients was attributable mainly to
the chronic tracheostomy rather than to the flap.
We evaluated the prevalence of respiratory symp-
toms in the group of patients undergoing secondary
reconstruction. These patients carried a chronic
tracheostomy following primary laryngectomy and
underwent subsequently reconstruction with a
free ileocolon patch or a free ileocolon flap. We
observed that the prevalence of chronic cough
and sputum did not increase after reconstruction
and was consistent with the data reported in the
literature for patients with chronic tracheostomies
(64 percent and 98 percent, respectively).13

Currently, the voice prosthesis inserted
through a tracheoesophageal puncture represents
the standard technique for voice rehabilitation
following total laryngectomy. However, the appli-
cability of this procedure in hypopharyngolaryn-
gectomy is narrowed to the cases where an ade-
quate esophageal stump is present, although a
limited experience has been reported in autolo-
gous esophageal reconstruction with free jejunum
or fasciocutaneous flaps. Among the complica-
tions associated with the procedure,14 leakage
through or around the prosthesis represents the
most common, affecting between 215 and 26
percent16 of patients and represents the main
cause for replacement of the implant. The average
device life has been reported to be between 5 and
12 months,17 with definitive closure being neces-
sary in 5 percent of the patients.18 Insertion of the
voice prosthesis through an intestinal or fasciocu-
taneous flap used for esophageal reconstruction is
correlated with increased risks of stricture forma-
tion and enlargement of the puncture track, es-
pecially when the device is inserted primarily,19,20

which is currently not advisable. Use of a double
segment of free jejunum flap for simultaneous

reconstruction of the esophagus and restoration
of the voice is another option; however, it is asso-
ciated with aspiration and a high rate of fistula
formation (13 percent and 21 percent, respectively).21

The latter accompanied by a more indigenous
procedure led us to abandon this procedure that
we were previously performing in favor of the ile-
ocolon flap.

In the second part of this study, we investigated
the bacterial flora of the voice tube. In contrast to
the proximal parts of the enteric tube, the termi-
nal ileum and colon are characterized by a
resident microflora, with 1010 to 1012 bacteria per
gram of intestinal content, consisting mainly (99.9
percent) of obligatory anaerobic microrganisms.22

Therefore, use of these segments of the alimentary
conduit, as opposed to jejunum, transfers a high
bacterial load at the inlet of the trachea. Mechan-
ical bowel preparation alone does not alter the
luminal or mucosal associated bacterial counts
significantly.23 During the early period following
surgery, moderate amounts of ileal secretions are
produced from the voice tube. Although these
secretions gradually decrease during follow-up,
because of atrophy of the ileal mucosa (unpub-
lished data), their bacterial content could con-
tribute to the colonization of the tracheostomy
site. The bacterial flora that characterized the tra-
chea at the tracheostomy site in our patients was
composed of Gram-positive and Gram-negative
aerobic microorganisms, similar to previous
studies.24–26 Interestingly, differing from these re-
ports, Escherichia coli represented the predominant
species, probably derived from the voice tube
flora. Our overall pneumonia rate was similar to
that reported in the literature24 for carriers of
chronic tracheostomies, and none of the patients
included in the screening study had suffered re-
spiratory infections.

CONCLUSIONS
Rehabilitation of the voice and swallowing with

the free ileocolon flap was shown to be a possible
therapeutic option. Aspiration with or without overt
infection could represent a problem if the conti-
nence of the ileocecal valve is not supplemented
surgically. Furthermore, in the presence of a rich
bacterial flora at the junction of the voice tube and
tracheostomy, administration of broad-spectrum an-
tibiotic therapy is wise while awaiting the results of
specific cultures in the treatment of pulmonary in-
fections in this group of patients.

Volume 127, Number 5 • Ileocolon Flap and Lower Respiratory Tract

1923



Hung-Chi Chen, M.D., Ph.D.
Plastic Surgery Department

China Medical University Hospital
2, Yuh-Der Road

Taichung, Taiwan
D19722@mail.cmuh.org.tw

REFERENCES
1. Kawahara H, Shiraishi T, Yasugawa H, Okamura K, Shirakusa

T. A new surgical technique for voice restoration after la-
ryngopharyngoesophagectomy with a free ileocolic graft:
Preliminary report. Surgery 1992;111:569–575.

2. Sartoris A, Succo G, Mioli PR, Merlino G. Ileocolic free
autograft in advanced cervical oncology (in Italian). Acta
Otorhinolaryngol Ital. 1999;19:26–35.

3. Motoyama S, Saito R, Maruyama K, et al. Sound spectrogram
analysis in patients receiving Kawahara’s surgical voice res-
toration for advanced carcinoma of the hypopharynx and
cervical esophagus. Dis Esophagus 2007;20:42–465.

4. Rampazzo A, Salgado CJ, Gharb BB, et al. Donor-site mor-
bidity after free ileocolon flap transfer for esophageal and
voice reconstruction. Plast Reconstr Surg. 2008;122:186e–
194e.

5. Hsiao HT, Leu YS, Chang YC, Yang JC, Tung KY. Voice and
swallowing after laryngopharyngectomy and free ileocolic
flap reconstruction for hypopharyngeal cancer. Ann Plast
Surg. 2009;62:390–394.

6. Salgado C, Mardini S, Chen H. Surgical methods of voice
reconstruction: Free jejunum flap. In: Chen H, Mardini S,
eds. Voice Reconstruction. Taiwan: I-Shou Lin; 2008.

7. Morar P, Makura Z, Jones A, et al. Topical antibiotics on
tracheostoma prevents exogenous colonization and infec-
tion of lower airways in children. Chest 2000;117:513–518.

8. Sartoris A, Succo G, Mioli P, Merlino G. Reconstruction of
the pharynx and cervical esophagus using ileocolic free au-
tograft. Am J Surg. 1999;178:316–322.

9. Kobayashi M, Onozuka N, Fukuda A, Matsubara A, Kobayashi
W. New surgical technique for primary and secondary voice
restoration using a free ileocecal patch graft after total lar-
yngectomy. Surg Today 2003;33:817–822.

10. Phillips SF, Quigley EM, Kumar D, Kamath PS. Motility of the
ileocolonic junction. Gut 1988;29:390–406.

11. Succo G, Mioli P, Merlino G, Sartoris A. New options for
aerodigestive tract replacement after extended pharyngolar-
yngectomy. Laryngoscope 2000;110:1750–1755.

12. Quigley EM. Motor activity of the distal ileum and ileocecal
sphincter and its relation to the regions’s function. Dig Dis.
1988;6:229–241.

13. Hilgers FJ, Ackerstaff AH, Aaronson NK, Schouwenburg PF,
Van Zandwijk N. Physical and psychosocial consequences of
total laryngectomy. Clin Otolaryngol Allied Sci. 1990;15:421–425.

14. Stafford FW. Current indications and complications of
tracheoesophageal puncture for voice restoration after

laryngectomy. Curr Opin Otolaryngol Head Neck Surg. 2003;
11:89–95.
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