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XUPYPITMYHWN ACNEKTW NMPU KOJIOE3OMPAIOMNMACTUKATA

B OETCKATA Bb3PACT
O. BpaHkoB

Cekuusi no lemcka xupypausi
MBAJICM ,H. W. NupozoB8“

SURGICAL ASPECTS OF THE ESOPHAGEAL REPLACEMENT

BY COLON IN CHILDREN

O. Brankov
Department of Pediatric Surgery
Emargency Hospital “N. |. Pirogov”

PE3IOME

NMnacmuuHo-pekoHcmpykmuBHume onepayuu 3a
3amecmBaHe Ha xpaHonpoBoga ¢ ge6eno yepBo ca
Hamepunu wupoko npunoXexue 8 2pbgHama xupyp-
2usi. Llen Ha Hacmosiwama cmamus e ga o6o6wum
Hawus onum c konoe3sodgazonnacmukama 8 gemcka-
ma Bwb3pacm, kamo akuenmupame Bbpxy omgenHu
emanu u ocobeHocmu Ha onepamuBxHama mexxuka.

3a nepuoga 1989-2003 2oguxa B Cekuyusma no
gemcka xupypaus ca onepupaHu 54 geua ¢ pasnuyHu
3abonsBaHus Ha xpaHonpoBoga. MHgukauus 3a nnac-
muka ca 6unu: puaugHa cmpukmypa Ha xpaHonpoBoga
(29 geua), cbcmosHue cneg ekcmupnauusi Ha xpaHon-
poBoga nopagu kaycmuuxa Hekposa (17 geua) u gpyau
(8). U3BbpweHu ca cnegHume onepamuBHu Hamecu:

1. PempocmepHania mpaHchosuuus

Be3 omcmpanaBane Ha xpaHonpoBoga, cneg
npegxoXkgawa esodasekmomus unu npu ampesus
Ha XxpaHonpoBoga - 40 geua

2. 3agHomeguacmuHanHa mpaHcno3uyus ¢
egHoemanHa mpaHcxuamanHa (mpaHcmeguacmu-
HanHa) e3ogpazekmomus — 14 geua

Bb3 ocHoBa Ha nuyHuA onum, cnegonepamuB-
HuUme pe3ynmamu u numepamypHus 0630p ce npa-
Bu aHanu3 Ha omgenHume emanu Ha konoesoda-
zonnacmukama B gemckama Bb3pacm. Pasanex-
gam ce onepamuBhama makmuka u xupypauuHa
mexHuka npu u3BbpwBaHe Ha wuiliHama e3o0¢azo-
konuyHa aHacmomo3a, gucmanHama 2acmpo-ko-
NnuyHa aHacmomo3a, usbopbm Ha pasnu4Hu Bapu-
aHmu 3a xpaHewo cbgoBo kpaue, opopmsiHe Ha
gebenoupeBHus mpaHcnnaimam.

Cb2nacHo Hawus onum, mpaHcho3uuusma Ha
neBus u HanpeueH KOnoH ¢ xpaHew cbg nABa ko-
NnuYyHa apmepusi uma 3HayumenHu npegumcmBa u
gaBa no-go6pu ¢yHkuuoHanHu pesynmamu B8
cpaBHeHue ¢ ocmaHanume BapuaHmu Ha ge6enoy-
peBHama mpaHcnosuyus. MoswaBaHemo Ha aHa-
MOMUYHUME U XUupypauyHu gemalinu ca om 20nsa-
MO 3HayeHue 3a ycnexa Ha konoesodazonnacmu-
kama B gemckama Bb3pacm.
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SUMMARY

Esophageal replacement using the colon is
generally accepted to be the most appropriate sub-
stitute. The purpose of this study is to analyze our
experience with colon transposition in children with
emphasis to the surgical technical aspects.

During a 15-year period (1989-2003), 54 chil-
dren underwent colon transposition for esophageal
replacement at the Department of Pediatric surgery,
Hospital ,,Pirogov“, Sofia/Bulgaria. The indications
were: intractable caustic stricture (n = 29), esopha-
geal extirpation due to lye necrosis (n = 17), es-
ophageal atresia and other (n = 8).

Two different surgical procedures were used:

1. Retrosternal colon transposition:

without removing the esophagus, after previous
esophageal extirpation or after esophageal atresia
surgery (n = 40).

2.Transmediastinal colon transposition:

blunt transhiatal esophagectomy with simultan-
eous colon transposition in the posterior mediasti-
num (n = 14).

Technical details included the performing of a
V-shape (lambdoid) cervical anastomosis and an
antireflux end-to-side cologastric anastomosis at
the anterior aspect of the gastric antrum. Appropri-
ate shaping the colon conduit is also an important
part of the replacement procedure. According to our
experience and the scientifically data, we believe
the use of the left and transverse colon in isoperi-
staltic position, supplied by the left colic vessels, to
be the most appropriate replacement procedure in
children. Successful surgery for esophageal repla-
cement requires knowledge of some technical and
anatomical details when performing this procedure.

KEY WORDS

Colon transposition, esophageal replacement,
tailoring the colon conduit, anastomosis,

colon vascularization, vascular pedicle, children



SURGICAL ASPECTS OF THE ESOPHAGEAL
REPLACEMENT BY COLON IN CHILDREN
Ognyan Brankov, Sofia Bulgaria

Esophageal replacement is an accepted treatment modality for a variety of congenital
and acquired conditions in the pediatric population. These types of surgery are still
considered potentially morbid and challenging. A number of surgical procedures and
conduits have been advocated, however, the colon remains the most widely accepted
esophageal substitute /1, 4, 5, 12/.

The purpose of this study is to analyze our experience with colon transposition in
children and to emphasize on particular technical aspects of the procedure.

Patients and Methods

During a 15 - year period (1989 - 2003), 54 children underwent colon transposition for
esophageal replacement at the Department of Pediatric surgery. The patients’ age at the time of
first operation ranged between 8 months and 17 years. The indications included caustic
stricture (n=29, 53.7 %), caustic necrosis (n=17, 31.5 %), and other, including esophageal
atresia (n=8, 14.8 %).

Two different surgical procedures were used:

1/ Retrosternal colon transposition performed either with or without
esophagectomy, or after failed correction of esophageal atresia (n=40, 74 %).

2/ Transmediastinal colon transposition including blunt transhiatal esophagectomy
with simultaneous colon transposition in the posterior mediastinum (n=14, 26 %).

Results

An isoperistaltic left colon segment supplied by the left colic vessels was used in 41
patients (75.9 %), whereas antiperistaltic right colon supplied by the right colic vessels was
used in 8 (17.8 %). Isoperistaltic or antiperistaltic colon conduits supplied by the middle
colic vessels were used in 5 patients (9.3 %).

The postoperative mortality rate is 12.9 % (n = 7). Two deaths were related to graft
necrosis. Of the remaining five, two succumbed to septicemia, one to aspiration and two

resulted from cardio-respiratory failure.



Thirty-three children (70.2 %) had a favorable outcome and remained free of
dysphagia during a long-term follow-up. Eight children (17 %) had cervical anastomotic
strictures and residual intermittent dysphagia which were treated with serial balloon
dilatations. Three of the patients (6.4 %) required reoperative surgery with repeat cervical
anastomosis. Marked gastro-colic reflux was evident in three children (6.4 %). Clinically
significant redundancy of the transposed graft was observed in seven patients (14.9 %).

Discussion

Successful surgery for esophageal replacement requires scrutiny and an improved
knowledge of all technical and anatomic details /5, 13/.

Cervical (esophago-colic) anastomosis

We believe that the type of cervical anastomosis is the most critical component of
the replacement procedure; a developed stricture invalidates the esophageal replacement’s
goal. The anastomosis’ geometry, a deficient blood supply, and high graft’s tension are
important causes of anastomotic leak /2, 7, 9/. Our method of choice in the majority of
procedures has been a V-shaped anastomosis, which we perform by a longitudinal incision
of the proximal esophagus in order to adapt both the esophageal and colonic lumens. Our
technique of choice is the single-layered cervical anastomosis with full thickness interrupted

sutures, except selected cases where a two-layered anastomosis was accomplished. (Fig.1)

e

Leaks occurred more often with single-layered anastomoses, however, the number of
anastomotic strictures did not differ in either method. An interesting observation was that
the leak rate was higher among the retrosternal transpositions of right colon. All leaks were
fortunately minor and closed spontaneously; clinically significant strictures were observed
in 3 patients.

Blood supply to the colon graft

The selection of a graft with adequate vascular pedicle is essential for a successful
colonic transposition. The blood supply not only relies upon preservation of arterial inflow,

but also requires adequate venous drainage /4/.



Our preferred method of choice is a conduit consisting of the left and transverse
colon, supplied by the left colic vessels (with both ascending and descending branches
including its marginal artery) /6, 12, 13/. Preoperative assessment of the colonic vasculature
is not always feasible in the pediatric population. We typically rely on careful intraoperative
dissection and observation of the vascular anatomy; trials of vascular occlusion are done
before any division/6, 14/. The middle colic vessels are similarly occluded at the point of
division to test for reliable pulsations. Mobilization of the entire colon is essential for a
tension-free vascular pedicle.

The distribution patterns of the inferior mesenteric artery are typically with no major
variability, however it is necessary to assess all branches to make sure that the blood supply
is expected to be adequate. We also use the technique of Tannuri /14/ which includes
preservation of the double blood supply to the interposed colon based on the left colic
vessels and left paracolic arcade, via the sigmoid vessels. It is necessary to divide the small
end vessels just adjacent to the colon without division of this arcade and to remove any

resulting small ischemic segment (Fig.2).
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In some cases with anatomic variants adequate blood flow has been achieved by
dividing the marginal arcade between the ascending and descending branches. There is
much variability in the right colon’s vascular supply /11/. The most common topographic
configuration includes three separate superior mesenteric branches supplying the middle
colic, the right colic, and ileocolic arteries, seen in approximately 70 % of the patients;
multiple right or middle colic arteries are encountered in approximately 10% of the patients.
Other variations are also present: absence of the middle or right colic artery, as well as
common origin of right and middle colic vessels. Attention should be paid to important



unfavorable anatomic configurations: an inadequate Arc of Riolan (between middle and left
colic artery) or discontinuity of the marginal artery between middle and right colic artery.
According to Peters /11/ there are five angiographic features which are important to
the surgical planning of successful left colon transposition:
a) patent inferior mesenteric artery
b) reliable ascending and descending branches of the left colic artery
c) well defined anastomosis between the middle colic and left colic system
d) single middle colic trunk prior to its division into right and left branches
e) separate origin of the right colic artery
Tailoring the colon conduit
To prevent graft redundancy the colon must be tailored to form a straight tube. It
must be positioned carefully, with no tension or twisting. A well-known etiology of graft
redundancy results from intraoperative injury to the pleura leading to suction of the colon by
the negative pleural pressure.
According to Othersen /10/, in order to avoid distal colon redundancy, it is

necessary to resect any extra bowel prior to perform the colo-gastric anastomosis (Fig. 3).

Gastro-colic anastomosis

Performing of the distal anastomosis always includes a risk of gastric reflux in the
distal colon. Various anti-reflux techniques have been reported, with controversial results.
Anastomosis of the distal colon to the anterior fundus, pyloroplasty, use of an intact ileo-
cecal valve, or gastroplication using the anterior stomach wall are among the most
frequently reported methods to circumvent the problem /12, 13/.

In our experience we have had a few patients with clinically significant colo-gastric
reflux. Our previous anastomotic method includes passing the distal portion of the colon
through a submucosal gastric tunnel, thus forming a flap valve /3/. A transitory stasis in the

distal graft is typically observed with this procedure. Our presently used method



incorporates an invaginated mucosal valve at the anterior aspect of the gastric antrum /8/.

We prefer to remove the gastrostomy and perform the procedure in the same region (Fig. 4).

In our series 3 patients who had straight cologastric anastomoses, required
reoperative surgery to construct antireflux anastomoses for significant erosions of the colon
due to acid reflux.

Conclusions

Esophageal colonic replacement is accepted to be the most appropriate organ
substitute procedure in children. The technical details of the procedure are of paramount

importance for the outcome.
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