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Abstract Background Patients who undergo total esophagectomy and gastrectomy present a
challenging scenario for reconstructive surgeons. Several techniques have been
described. However, the best choice is still a matter of debate. We aim to report
our experience with the supercharged ileocolic flap, then to compare the long-term
functional outcomes in cancer and caustic injury patients. We investigate the safest
route of transposition and demonstrate the importance of supercharging the flap. Last,
we perform a literature review to compare our results with the ones reported in the
literature.
Methods A total of 36 patients underwent the supercharged ileocolic flap procedure.
The details reviewed included the type of defect, flap characteristic, route of
transposition, complications, patient survival, and swallowing evaluation. Survival
and long-term function preservation were considered as the main outcomes.
A secondary end-point was the identification of the safest route of transposition.
We extracted the pertinent literature on supercharged bowel flaps from 1995 to
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In patients with an intact stomach who are diagnosed with
esophageal cancer, gastric pull-up is always the preferred
technique for reconstruction after esophagectomy. However,
in cases of extensive gastroesophageal junction cancer with
aboral spread and after previous gastric surgery, alternative
methods for reconstruction are required.1

Over the last three decades, several techniques and flap
design variations have been described. However, the best
choice is still a matter of debate.2 The supercharged jejunal
flap gained popularity approximately 20 years ago; this
procedure can be successfully performed as an alternative
reconstruction when the stomach is unavailable and is
associatedwith good long-term functionality and acceptable
morbidity.3

Most of the available English literature report nonhomo-
geneous series in terms of the type of flap harvested, the
vascular supply, and the transposition route. Each technique
has its advantages and drawbacks.1,4,5

For total esophageal reconstruction, the right colon seems
to be more favorable for several reasons, including the
possibility to harvest a longer part of the ileum, which can
increase the length and improve the sizematch. The problem
of the poor and unpredictable blood supply of the ileum-
cecum segment can be overcome by creating a hybrid flap
and harvesting a supercharged flap 3. Supercharge the flap
means to perform a set of microanastomosis of an auxiliary
vascular pedicle.

We aim to report our institution’s experience with total
esophageal reconstructionwith a supercharged ileocolic flap
(SICF). We investigate the functional outcomes in cancer and
noncancer patients and identify the factors affecting the
complications rate. Furthermore, we performed a literature
review to compare our results with the studies published in
the past 25 years.

Methods

A retrospective review was performed from November 2004
to August 2019 at Chang Gung Memorial Hospital, Taipei,

Taiwan, at the Department of Plastic and Reconstructive
Microsurgery. The inclusion criteria were complete esoph-
ageal defect, concomitant or previous gastrectomy or previ-
ous gastric pull-up, and at least 6 months of follow-up. The
exclusion criterionwas any differentflap used apart from the
right SICF. A total of 36 patients were enrolled in the present
study.

All patients underwent preoperative chest and abdominal
computed tomography (CT) ormagnetic resonance (MR), and
an upper gastrointestinal (GI) endoscopic biopsy was per-
formed in case of suspected malignancy. In cancer patients,
the indications for neoadjuvant and adjuvant therapies were
discussed by the multidisciplinary board and proposed
following the NCCN Guidelines.6

Information on conduit function was collected at least
6 months after reconstruction with a dynamic esophageal
video fluoroscopy to allow patients to recover from the
procedure and adjust to their new anatomy. Patients were
interviewed, clinically evaluated every 3 months during the
first and the second year, every 4 months during the third
and fourth year, every 6 months from the fifth year; they
underwent total-body CT as cancer follow-up and to assess
the status of the reconstructed tract and every 6 months.

Patients were categorized as “no evidence of disease”
(NED) if they were alive at the last follow-up and did not
have signs of the disease for which they had been treated,
“dead from disease” (DOD) in the case of disease-related
death, and “dead from other causes” (DOC) when a patient
died for any other reason. Follow-up time was calculated
from the patient’s discharge until the last consultation.

No ethical committee’s approvalwas deemed necessary at
our institution after a formal request to the appropriate
parties. Every patient signed informed consent for the treat-
ment of personal data for scientific purposes.

Surgical Technique
The surgical team was composed of GI surgeons and plastic
surgeons. In the case of concomitant esophagectomy, the
thoracic surgeons were involved. The cervical approach

Results All flaps survived; only two flaps were partially lost. Thirty-three percent of
the cohort experienced postoperative complications; themost commonwas leakage of
the cervical anastomosis (17%), followed by neck wound infection (8%). The 5-year
dysphagia-free survival rate was 87% in corrosive injury patients and 78% in cancer
patients. The mean time to be free from dysphagia after surgery was 25.12� 4.55
months for corrosive patients and 39.56� 9.45months for cancer patients (p¼ 0.118).
The safest route of transposition was retrosternal extra-mediastinal. From the literature
review, the data from 11 studies were extracted.
Conclusion The supercharged ileocolic flap is a robust option for total esophageal
replacement when the stomach is not available and the retrosternal route is the safest
for transposition. The functional outcomes are excellent, with acceptable morbidity
and a good life expectancy, either in cancer and noncancer patients. Supercharging the
flap is recommended.
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along the esophagostomy scar is of crucial importance to
evaluate the caliber of the residual cervical esophagus and to
rule out possible stricture or scar. The sizable esophageal
stump was prepared, and the length of the defect was
measured. The recipient vessels were dissected. The abdom-
inal approach along the previous laparotomy scar should
overcome intraabdominal bowel adhesion. The right colon
was freed from the retroperitoneum, and themesocolonwas
transilluminated to clear the vascular anatomy. The last
branch of the ileum was identified; the ileocolic, right colic,
and middle colic vessels were dissected to the level of the
superior mesenteric artery and vein. We injected the indoc-
yanine green fluorescent (IGF) five times. First, once all the
vessels supplying the bowel were identified. We decided to
inject at this time to demonstrate better the contribution
that the ileocolic pedicle gives to the ileocecal tract of the
bowel and to evaluate more clearly any possible vascular
anomalies of the right colic, the middle colic, and the
marginal arteries system. In such cases, the baseline IGF
injection helps us to understand where to put the vascular
clamps.

The goal of this procedure was to investigate the perfusion of
thecolonwithaSpycamera; thus,weclampedthe ileocolicvessel
and right colic vessel and injected one-fourth of a vial of IGF
(second injection), leaving the flap to be perfused by the middle

colic vessel; at this moment, the proximal part of the colon and
the ileum showed mild perfusion through the marginal vessels
(►Fig. 1). Then, we released the clamp to mimic the condition
after supercharge and injected one-fourth of the vial of IGF (third
injection). After a few seconds, the entire colon showed signifi-
cantly better perfusion (►Fig. 2).

If the perfusion was adequate (based on the middle colic
arteryand the ileocolic artery), the ileocolic pediclewasdivided
at the root of themesentery to optimize the length. During this
surgical step, we considered the IGF as an adjunctive tool that
might help us to confirm our clinical assessment, not a replace-
ment.Toaddressadequateperfusion,wereliedonthreecriteria:
peristalsis, vessel pulsation, and flap color. When a tract of the
colon is less perfused, the peristalsis becomes absent almost
immediately, when the perfusion is reestablished, the peristal-
sis improves very quickly. The vascular changes of bowel’s
perfusion are quite sudden; once a tract is ischemic, typical
signs are visible almost immediately. According to the length
needed, the right colic pedicle or small branch of the middle
colicpediclewas ligatedandseparated (►Fig. 3). Themesentery
was divided up to the vessels preserved as a pedicle. The
terminal ileum was transected; an appendectomy was per-
formed and the ileocecal trunk was divided. Afterward, the
isoperistaltic flapwas rotated clockwise, then passed through a
tunnel in the neck with a substernal route (in some cases

Fig. 1 The right colon and the ileal tract are isolated. Indocyanine green fuorescent injection under spy camera (A) and the surgical field (B)
showing poor perfusion of the proximal right colon while the ileocolic and the right colic vessels are clamped. The ileocolic tract in only perfused
by the middle colic vessels.

Fig. 2 Indocyanine green fluorescent injection under spy camera (A) and the surgical field (B) showing better perfusion of proximal right colon
through the ileocolic artery once the entire flap is perfused by the ileocolic and right colic vessels.
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subcutaneous or transmediastinal). The transverse colon was
transected for GI reconstruction. The short segment over the
previous jejunostomy site was resected. Roux-en-Y reconstruc-
tion, including side-to-side colojejunostomy, end-to-side jeju-
nojejunostomy, and side-to-side ileo-T-colostomy, was
performed with a GIA 75–3.5 staplers. A Jackson-Pratt tube
wasplaced in theabdomen, andanew feeding jejunostomywas
placed distal to the jejunojejunostomy. When the flap was
passed through the substernal route to the neck, one-fourth
of the vial of IGF was injected (fourth injection). The sternocla-
vicular joint was never resected. We injected again after mobi-
lizing the flap to assess if the transposition affected the
perfusion. Thepediclemight sometimesbeaccidentally twisted
or theflap compressed in the tunnel, two scenarios that are not
always easy to detect. The perfusionwas assessed, checking the
component of the flap that reaches the neck area, out of the
sternum. Again, the proximal part of the colon and ileum
showed modest perfusion and weak peristalsis (►Fig. 4A).
Then, the microvascular anastomosis between the ileocolic
pedicle and recipient vessels in the neck was accomplished,
and a one-fourth of the vial of IGF was injected again (fifth
injection). Finally, the flap showed vivid fluorescence, signs of
improved perfusion, and vigorous peristalsis (►Fig. 4B). The
venous backflow through the anastomosis was shown as well
(►Fig. 4C). Blood flow in the pedicle was documented with a
qualitative Doppler signal. Hence, the inset of theflapwas done

suturing the ileum to the proximal stump of the digestive tract
available (hypopharynx or proximal esophagus). One nasogas-
tric tube was placed to reach the distal part of the flap and
another one at the level of the anastomotic line between the
esophagus and the flap to avoid stricture. Every wound was
sutured in amultilayer fashion. A smallwindow�1� 1 cmwas
left open to monitor ileal perfusion.

Literature Review
Areviewof thestudiespublished from1995 toAugust 2020was
performed. Inclusion criteria were patients who underwent
esophagectomy� concomitantorpreviousgastrectomy;recon-
struction performed with right colon/left colon/ileocolon/
jejunum supercharge grafts; more than 10 patients enrolled;
reported at least two of the following outcomes: graft loss,
leakage, dysphagia, reflux, and stricture.

Statistical Analysis
Patient demographics (age, sex, smoking habits, site, comor-
bidities, length of hospitalization, complications, operative

Fig. 3 Transposition in the neck of the supercharged ileocolic flap,
based on the right colic artery and on the ileocolic pedicle
(transected).

Fig. 4 Indocyanine green fluorescent injection under spy camera
before (A) and after (B) the microanastomosis of the ileocolic vessels;
the surgical field (C) showing the flap rerouted to the neck when the
flap is supercharged by the transverse cervical artery, with robust
perfusion of the ileocolic tract and venous backflow.
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and ischemia time, survival status, and residual function)
were displayed as frequency counts and percentages.

We considered the following survival endpoint: overall
survival, which was the date of death from any cause or the
date of the last consultation for patients alive at the end of
the study (censored observations). Fisher’s exact test or one-
way analysis of variance test was performed on the descrip-
tive variables (comorbidities, type of previous surgery, ex-
posure to radiation, cause of the defect and conduit location),
and the Mann–Whitney U-test was performed on the con-
tinuous variable (operative time); p-value less than 0.05 was
defined statistically significant. The variables tested regard-
less of different outcomeswere postoperative complications,
stricture, death, and dysphagia. Postoperative complications
included leakage, fistula, pneumonia, bleeding, and pneu-
mothorax. Dysphagia was defined according to the type of
oral intake that the patient could tolerate.

Five-year dysphagia-free survival (DFS) curves were esti-
mated using the cumulative incidence function IBM SPSS
Statistics forWindows, Version 22.0. (IBM Corp., Armonk, NY
Released 2013), to estimate the cumulative probability (cum.
probability) that a patient is free of tracheostomy, jejunos-
tomy, or nasogastric feeding over the time (months).

Results

From November 2004 to August 2019, 36 patients (22 males
and 14 females, mean age 47 years, range 4–74) were
reconstructedwith 36 right SICFs by the same reconstructive
microsurgeon. Twelve patients were free of comorbidities. In
the remaining cohort, the most frequent comorbidities were
major depression (11 patients), hypertension (5 patients),
diabetes mellitus (3 patients), and atrial fibrillation (2
patients).

The reconstructions were performed for esophageal can-
cer in 9 patients (25%) and for corrosive injuries in 27 (75%)
patients. Patients’ clinical demographical characteristics are
shown in ►Table 1.

Surgical Outcomes
All 36 flaps survived, and only 2 flaps were partially lost. The
entire cohort received the reconstruction as a second stage
procedure: 9 patients had an esophageal squamous cell
carcinoma (SCC) treated with a total esophagectomy and
reconstructed with a gastric pull-up (4 lost the gastric
conduit, 4 experienced cancer recurrence). The average
time between the ablative surgery and the reconstruction
was 13 months (range: 1–40 months).

Five cancer patients underwent preoperative concurrent
chemoradiotherapy or radiation alone, and four of them
received adjuvant radiation as well.

The remaining 27 patients underwent an esophagectomy
combined with a gastrectomy due to corrosive injury. The
average length of the flap was 30 cm (range: 22–40 cm). The
proximal anastomosis of the conduit was done at the level of
the hypopharynx in two patients and at the cervical esopha-
gus in the remaining 34 patients; all the conduit’s anasto-
moses were done in the neck. All the flaps were pedicled on

the middle colic artery; to supercharge the flap in the neck,
either the ileocolic vessels or the terminal ileal vessels have
always been used when a longer pedicle was needed.

The transverse cervical artery was used as the recipient in
29 patients, the superior thyroid artery in four patients, the
internal mammary artery in two patients, and the external
carotid artery in one patient. The external jugular vein was
used in 33 subjects, followed by a branch of the internal
jugular vein in two subjects and the internal mammary vein
in one subject.

All conduits appeared well vascularized after clamp re-
moval. Furthermore, the prompt return of peristalsis after
clamp removalwas demonstrated. Of the four recent patients
who underwent indocyanine green perfusion evaluation
before and after clamp removal, all of them demonstrated
significantly improved blood flow in the flap.

The mean operative time was 547minutes (range: 412–
792), the mean ischemia time was 68minutes (range:
45–93), and the average length of hospitalization was
34 days (range: 18–109).

A total of 33% of the cohort experienced postoperative
complications; themost commonwas leakage of the cervical
anastomosis (17%), followed by neck wound infection (8%),
leakage from the ileo-T-colostomy (5%), and massive bleed-
ing in one patient. All complications required surgical explo-
ration apart from two leaks that were treated conservatively.

Medical complications related to the procedure, including
pleural effusion drained with a pigtail catheter (8%),

Table 1 Demographic and preoperative data

Patients characteristics and preoperative data

Variable n (%)

All 36 (100)

Age (mean) 46.7

Sex Male 22 (61)

Female 14 (39)

Smoking Yes 11 (30)

No 25 (70)

Alcohol Yes 10 (28)

No 26 (72)

Comorbidities Yes 25 (69)

No 11 (31)

Indication Caustic injury 27 (75)

Cancer ablation 9 (25)

Timing Primary 2 (5)

Delayed 34 (95)

Preoperative CCRT Yes 5 (14)

No 31 (86)

Previous gastric procedure Gastric pull-up 9 (25)

Gastrectomy 27 (75)

Abbreviation: CCRT, concurrent chemoradiotherapy.
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pneumothorax (6%) andaspirationpneumonia (8%), occurred in
22% of the patients. Among the former, one patient treated for
esophageal SCC expired, resulting in a 1-month postoperative
survival rate of 97%. The operative data are listed in ►Table 2.

Therewere no statistically significant differences regarding
the presence of comorbidities (either physical or psychiatric),
the causes of treatment, the type of previous surgery, the
operative time, and the analyzed outcomes. The different
routes of conduit location turned out to be statistically signifi-
cant when analyzed with different outcomes. The conduit
locationwas the factor most affecting the outcomes. In partic-
ular, comparing different routes, the subcutaneous was asso-
ciated with a higher incidence of stricture (p¼ 0.03),
postoperative complications (p¼ 0.02), and dysphagia
(p¼ 0.01); while the substernal extramediastinal appeared
to be safest. Radiation therapy was statistically significantly
associated with increased deaths (p¼ 0.01); this result might
be explained because patients received radiation due to
esophageal cancer (►Table 3).

Follow-Up
Therewere 35patients available for the follow-up. Theaverage
follow-up time was 30 months (range: 6–98, median 24).

Six months after surgery, 25 (71%) patients tolerated a
regular diet, 8 (23%) patients tolerated a soft diet, and 2 (6%)
were still under jejunostomy or nasogastric feeding.

Esophageal stricture was the most common late-onset
complication in seven patients and was managed with

endoscopic procedures and revision surgery in two cases.
Esophageal reflux was detected in only one subject. In the
remaining cohort, video fluoroscopic swallowing exams
showed undisturbed peristalsis.

The overall survival for the entire cohort was 78%. At the
last follow-up, 28 patients were NED, 5 were DOD, and 3
were DOC. Applying the cumulative incidence function, the
five-year estimated DFS for the entire cohort was 85%
(►Fig. 5, cum. probability: cumulative probability), 87% in
corrosive injury patients, and 78% in cancer patients
(►Fig. 6). The mean time for the entire cohort, which was
free from dysphagia after surgery, was 28.94� 4.25 months,
25.12� 4.55 months for corrosive patients, and 39.56� 9.45
months for cancer patients (p¼ 0.118).

Follow-up data are reported in ►Table 4. No statistically
significant differences were found analyzing the presence of
physical comorbidities, causes of treatment, type of previous
surgery, and operative time concerning survival (►Table 3).

Literature Review
Eleven studies, published from 1997 to 2014, met the inclu-
sion criteria for a total of 354 patients. A supercharge
jejunum graft was utilized in 191 patients, while in the
remaining 163 patients a combination of other supercharge
grafts (right colon, ileocolon, left colon, and jejunum) was
used. In four studies (166 patients), defect was more hetero-
geneous including isolated esophageal and gastric resec-
tions; in the remaining cohort all the patients received
esophagectomy and previous/concomitant gastrectomy.
The functional outcomeswere reported in 10 studies: reflux,
stricture, and dysphagia rates ranged from 5 to 19.2%, from 0
to 21%, and from 10 to 38.5%, respectively. The leakage
ranged from 7 to 36%, while graft loss ranged from 0 to
7.6%. The results of the review are listed in ►Table 5.

Discussion

Our study brings some interesting results. Comparing cancer
patients with noncancer patients, we demonstrated that an
adequate restoration of function is achieved in both cohorts,
regardless of the treatment reason and the need for radio-
therapy. After such an extensive procedure that is physically
and psychologically challenging for patients, full functional
recovery needs to be our primary goal. Several papers
addressed this topic, however, often merging different
defects extent and flaps design. Few of them stand out for
homogeneity regarding the selection of the sample. Fujita
et al, more than 20 years ago, compared patients who
underwent esophagectomy, reconstructed with a colon
flap: 29 of them with a supercharged colon flap, 24 without
supercharge. The incidence of leakage after colon interposi-
tion without supercharge was calculated to be almost 34
times higher that after colon interpositionwith supercharge7

the flap loss rate decreased as well; however, others long-
term functional outcomes were barely assessed. The elegant
workof Hamai et al reported a homogeneous series using the
SICF in patients with the same defect that was reconstructed
with the same flap.8 However, our findings are more specific

Table 2 Operative data

Patient operative data

Variable n (%)

Recipient artery TCA 29 (80)

STA 4 (11)

IMA 2 (6)

ECA 1 (3)

Recipient vein EJV 33 (91)

IGV 2 (6)

IMV 1 (3)

Pathway Subcutaneous 5 (14)

Substernal
extramediastinal

27 (75)

Mediastinal 4 (11)

Proximal connection Hypopharynx 2 (6)

Esophagus 34 (94)

Length (mean, range) 30 cm (22–40)

Operative time (mean, range) 547min (412–792)

Ischemia time (mean, range) 68 min (45–93)

Hospitalization (mean, range) 34 d (18–109)

Abbreviations: ECA, external carotid artery; IJV, internal jugular vein;
IMA, internal mammary artery; IMV, internal jugular vein; STA. superior
thyroid artery; TCA, transverse cervical artery.

Journal of Reconstructive Microsurgery Vol. 37 No. 6/2021 © 2020. Thieme. All rights reserved.

Ileocolic Flap for Esophageal Reconstruction Marchi et al.480

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Ta
b
le

3
A
na

ly
si
s
be

tw
ee

n
cl
in
ic
al

an
d
su
rg
ic
al

va
ri
ab

le
s,

co
m
pl
ic
at
io
ns

,a
nd

de
at
hs

O
ut
co

m
es

St
ri
ct
ur
e

C
o
m
p
lic

at
io
n
s

D
ea

th
D
ys
ph

ag
ia

Ye
s

N
o

p-
V
al
ue

Ye
s

N
o

p-
V
al
ue

Ye
s

N
o

p-
V
al
ue

N
o

So
lid

Li
q
ui
d

p-
V
al
ue

6
30

16
20

8
28

25
9

2

C
om

o
rb
id
it
ie
s

Ph
ys
ic
al

5
20

0.
64

11
14

1.
00

7
18

0.
38

17
7

1
0.
71

Ps
yc
hi
at
ri
c

4
12

0.
37

5
11

0.
19

3
13

0.
70

10
5

1
0.
72

R
ad

ia
ti
o
n
th
er
ap

y
1

8
1.
00

6
3

0.
14

5
4

0.
01

6
3

0
0.
81

Pr
ev

io
us

su
rg
er
y

0.
30

0.
47

0.
08

0.
10

ES
þ
G
S

6
22

11
16

4
24

18
7

2

ES
þ
G
PU

0
8

5
3

4
4

7
2

0

D
ef
ec

t
ca
us

e
0.
30

0.
10

0.
38

0.
10

C
or
ro
si
ve

6
21

12
15

5
22

18
7

2

C
an

ce
r

0
9

4
5

3
6

7
2

0

C
on

du
it
lo
ca
ti
o
n

0.
03

0.
02

0.
54

0.
01

Su
bc

ut
an

eo
us

2
3

3
2

2
3

1
2

2

Su
bs

te
rn
al

2
25

9
18

5
22

21
5

0

M
ed

ia
st
in
al

2
2

4
0

1
3

3
1

0

O
pe

ra
ti
ve

ti
m
e
(m

in
s)

58
2
�
14

3
54

0
�
12

1
0.
52

a
54

7
�
12

4
54

6
�
12

7
0.
96

a
60

6
�
11

4
53

0
�
12

3
0.
15

a
53

2
þ
11

6
56

3
�
13

6
66

3
�
18

2
0.
33

a

Le
ng

th
of

th
e
fl
ap

(c
m
)

–
–

–
29

.6
3
�
6

30
.7
5
�
5

0.
50

27
.8
8
�
5

30
.9
3
�
5

0.
09

–
–

–
–

A
bb

re
vi
at
io
ns

:
ES

,
es
op

ha
g
ec

to
m
y;

G
PU

,
ga

st
ri
c
pu

ll-
up

;
G
S,

ga
st
re
ct
om

y.
a
M
an

n–
W
hi
tn
ey

U
-t
es
t
w
as

pe
rf
or
m
ed

.

Journal of Reconstructive Microsurgery Vol. 37 No. 6/2021 © 2020. Thieme. All rights reserved.

Ileocolic Flap for Esophageal Reconstruction Marchi et al. 481

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



and detailed; in particular, we performed an evaluation of
the functional outcome in the whole cohort, which demon-
strated the benefit of supercharging in terms of flap
perfusion.

When the stomach was not available or indicated, the
right colon was selected as the first choice due to its
advantages, such as orthodromic peristalsis, reservoir capac-
ity of the cecum and when the ileum is included, the
presence of the Bauhin valve that prevents regurgitation.

Furthermore, given that a pedicled flap retains the mesen-
teric parasympathetic nervous plexus, the peristaltic move-
ments are preserved.9 However, it has a few drawbacks, such
as high variation in blood vessels and larger diameter than the
esophagus2; moreover, it may encounter a higher rate of
anastomotic leakage.10 Thus, we decided to include different
components in the flap that might overcome these issues,
preserving its advantages. In our opinion, there are multiple
benefits of our flap design. First, the inclusion of an ileal tract
provides a better caliber match between the residual conduit
and the flap itself, helping to fight reflux and regurgitation.
This hypothesis is supported by the lowest rate, ever reported
in the literature, of reflux in thepresent study (3%). Then, using
intraoperative IGF, we demonstrated the different patterns of
perfusion according towhich vessel was selected. Through IGF
injection, we aimed to demonstrate the improvement in
perfusion, not to quantify it. It has been shown in the literature
that the blood supply of the proximal part of the right colon
and the distal ileum might not be adequate when the flap is
only pedicled on the right or middle colic vessels. We super-
charged every flap to demonstrate an improved blood supply
in the most critical part of the reconstruction, where the
esophageal anastomosis is located.2 Possibly, for this reason,
we encountered a low rate of partial flap failure (5%), without
completeflap loss. It was previously demonstrated that super-
charging the jejunal flap improves the blood supply and
survival; the authors showed that performing an arterial
and venous anastomosis had a definite effect on the results
of blood gas analysis in most patients.11 A relevant problem
that might be encountered is an anastomotic leakage, which
often leads to a cutaneous fistula. Various factors are usually
implicated in an anastomotic leakage, including blood supply,
physical tension, and radiotherapy. Doki et al showed that the
colon has a higher percentage of anastomotic leakage com-
paredwith the jejunum (46 vs. 24%).12Ascioti et al described a
leakage rate of 27%.4 We encountered a leakage rate of 17%,

Fig. 5 Cumulative incidence function curve of patients free from
dysphagia after surgery (entire cohort).

Fig. 6 Cumulative incidence function curve of patients free from
dysphagia after surgery (continuous line: esophageal cancer; dotted
line: corrosive injury).

Table 4 Follow-up data

Patient outcomes

Variable n (%)

Postoperative complications Medical 8 (22%)

Surgical 11 (35%)

Flap loss 2 (5%)

Partial 2 (5%)

Total 0 (0%)

Adjuvant treatment Yes 5 (14%)

No 31 (86%)

Late stricture Yes 6 (17%)

No 0 (0%)

Dysphagia No 25 (69%)

Solid 9 (25%)

Liquid 2 (6%)

Reflux No 35 (97%)

Yes 1 (3%)

Status NED 28 (78%)

DOD 5 (14%)

DOC 3 (8%)

Abbreviations: NED, no evidence of disease; DOC, dead from the other
causes; DOD, dead from disease.
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an average result compared with the literature. Our choice
to include a piece of the small bowel is even more supported
not only by a better size match but also by an acceptable
rate of stricture (17%). In fact, from the review emerged that
the colon graft tends to increase the risk of stricture, while
the jejunum has a lower stricture incidence. Furthermore,
we hypothesized that supercharging the flap improves the
blood supply in the ileocolic junction and at the level of the
upper anastomosis, ensuring adequate healing that other-
wise increases the risk of dehiscence and fistula. Moreover,
supercharging the graft seems to facilitate spontaneous and
more rapid healing.7

In different series, the incidence of partial or total colon
losswas�7%,13,14 reaching up to 17%.15Weexperienced a 3%
rate of flap loss. Considering the complexity of the proce-
dure, in our minds, this may be considered a remarkable
result, achieved by few authors as well.

Several papers reported a considerably higher complica-
tion rate. Those results might be partially explained by the
heterogeneity of the patients and flap selection and by
missing some important technical aspects, such as super-
charging the flap, including a tract of ileum and using an
isoperistaltic graft. Our ideas are supported by the results of
our analysis. In fact, we did not encounter any differences,
regardless of dysphagia rate, meaning that an isoperistaltic
flap is appropriate.

Few authors have properly described any functional out-
comes. Blackmonet al reported that 17%of their patientswere
dependent on feeding tubes, while only 6% of our population
was not able to have any oral intake.14 Adequate functional
evaluation, done through a combination of clinical and radio-
logical assessments, is not commonly reported in the litera-
ture. Only 6% of our patients suffered from dysphagia. To date
only Poh et al3 described a dysphagia rate as low as 10%.

A study from Japan advocated the need to investigate
which is the best route of reconstruction.8 Our study poses
an answer to this doubt. As shown in ►Table 4, the
subcutaneous and mediastinal routes are associated with
worse surgical outcomes. The only paper that investigated
the outcome of a cohort similar to ours reported a rate of
leakage of 17%, which is in line with our results, but the
authors experienced a greater rate of digestive complica-
tions (38% of dysphagia and 19% of reflux). We reported an
overall dysphagia rate of 31% and reflux rate of 3%. We
preferred the substernal route instead of the posterior
mediastinal route as it’s advocated by the Japanese group.
An Indian study explored the results of the subcutaneous
route, and the authors reported higher rates of fistula
(18%) (even if there was a higher percentage of primary
cases) and uncompleted follow-up information compared
with the current study.16

From our analysis, the safest route to transpose the flap
was the retrosternal extrathoracic, and if weextrapolate only
this subgroup, the results are remarkable: 100% full oral
intake, 100% flap survival, and 7% stricture. The retrosternal
route, when compared with the subcutaneous route,
requires a shorter flap and a pedicle length of �5 cm;
furthermore, less food accumulation occurs above the supra-

sternal notch. Finally, in the case of infection, it is safer to
manage when compared with the mediastinal route. From
now on, we will suggest and adopt this route as the first
choice in such patients.

We used the IGF not to compare or quantify any improve-
ment.Weaimed for amethod that can show the contribution in
perfusion given by microanastomosis, simultaneously helping
us to detect ischemic changes promptly. However, we suggest
that the ICG has to be considered as an additional tool, not as a
replacement for the intraoperative clinical assessment.

The review sheds light on this complex topic while demon-
strating that our results are remarkable. Even if the
short/medium-term surgical outcomes are comparable to
those reported for supercharged bowel grafts, our functional
outcomes (dysphagia and reflux) are the most promising.

Our study identified a few factors that can correlate with
complications and may lead to improved results in esoph-
ageal reconstruction. We think one exciting finding regards
the 5 years DFS, which was previously never reported in the
literature and gives an idea of the functional outcomes on
the long run. However, we do recognize several limitations,
the first, being the retrospective nature. Moreover, we
compared only certain clinical and surgical features with
complications that were available and can be reproducible
along 15 years of follow-up. Lastly, due to the sample size,
and the number of variables that might interfere, we were
not able to derive a multivariate analysis to support our
hypothesis. Comparing two homogeneous cohorts of gas-
trectomized patients that underwent esophageal recon-
struction with and without supercharging the ileocolic
the flap could be ideal.

Conclusion

The SICF is a safe option for total esophageal replacement
when the stomach is not available. Despite being a techni-
cally demanding procedure, the functional outcomes are
excellent, with acceptable morbidity and a reasonable life
expectancy. Either cancer patients and noncancer patients
benefit from the functional restoration that this flap pro-
vides. The retrosternal route seems to be the most reliable.
The IGF is an adjunctive tool to demonstrate that super-
charging the flapmight be beneficial in the most critical area
of the flap and is recommended when possible. Comparing
the functional results from the literature review, we report a
higher rate of full oral diet restoration.
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