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Abstract
Background. Apart from cardiopulmonary complications, the most common complications after esophageal
reconstruction procedures, independent of the route of placement, are anastomotic leakage and necrosis of the con−
duit. With the choice of retrosternal route, a significant difficulty is posed by the thoracic inlet. Its narrow dimen−
sions may result in compression of the vascular peduncle, which may cause conduit ischemia, especially of the ter−
minal part, and may be a source of serious complications. 
Objectives. It is essential to establish a standard for preoperative assessment of the upper part of the retrosternal
tunnel, including assessment of its size and possible vascular anomalies, with the aim of reducing the risk of the
procedure and the rate of complications.
Material and Methods. During 2005–2007, 20 patients who had undergone subtotal esophagectomy due to can−
cer were evaluated prior to a planned esophageal reconstruction procedure. Doppler ultrasonography and 10−slice
multidetector−row CT angiography of the thorax were performed. The dimensions of the thoracic inlet and the inci−
dence of vascular anomalies in this area were analyzed.
Results. The distance between the manubrium and trachea ranged from 18.2 to 25.4 mm and between the medial
ends of the clavicles from 26.9 to 30.3 mm. No significant vascular anomalies were found which would have bear−
ing on creation of the retrosternal tunnel.
Conclusions. The method most consistent with the aim of the study was angio−CT of the thorax and neck with
a modified diagnostic protocol (Adv Clin Exp Med 2009, 18, 2, 159–1620).
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Streszczenie
Wprowadzenie. Pomijając powikłania płucno−sercowe, najczęstszymi powikłaniami po zabiegach wytwórczych
przełyku, niezależnie od drogi jego przemieszczenia, jest nieszczelność zespolenia oraz martwica przeszczepu. Je−
śli wykorzystuje się drogę zamostkową, ważnym problemem jest górny otwór klatki piersiowej. Jego małe rozmia−
ry mogą powodować ucisk na szypułę naczyniową, co może skutkować niedokrwieniem przeszczepu, a zwłaszcza
jego końcowego odcinka, i być jedną z przyczyn poważnych powikłań.
Cel pracy. Stworzenie standardu przedoperacyjnej oceny górnej części kanału zamostkowego z oceną jego wiel−
kości i ewentualnych anomalii naczyniowych w celu zmniejszenia ryzyka zabiegu i częstości powikłań.
Materiał i metody. W latach 2005–2007 zbadano 20 chorych po przebytej subtotalnej resekcji przełyku z powo−
du nowotworu przed planowanym zabiegiem wytwórczym. Do realizacji projektu użyto badania USG z wykorzy−
staniem opcji dopplerowskich (w wersji cyfrowej) oraz angio−TK klatki piersiowej i szyi wykonywanego za po−
mocą 10−rzędowego tomografu komputerowego. W omawianym materiale analizie poddano wymiary górnego
otworu klatki piersiowej i występowanie anomalii naczyniowych tej okolicy.
Wyniki. Odległość między rękojeścią mostka a tchawicą wynosiła 18,2–25,4 mm. Odległość między przyśrodko−
wymi końcami obojczyków wynosiła 26,9–30,3 mm. Nie stwierdzono istotnych anomalii naczyniowych mogących
mieć wpływ na wytwarzanie kanału zamostkowego.



Esophageal reconstruction procedures are bur−
dened by numerous complications, particularly in
patients operated upon due to cancer. The rate of
complications depends on many factors. Apart
from cardiopulmonary complications and conduit
necrosis, the most common postoperative compli−
cation is anastomotic fistula of the native esopha−
gus with the conduit. Its incidence is assessed in
different ways depending on the segment of the
gastrointestinal tract utilized in the esophageal
replacement and the route of its translocation and
ranges from 1.3 to 46% [1–6]. The method of
esophageal reconstruction most frequently
employed after resection is anastomosis of the
stump with the stomach in the posterior medi−
astinum [1, 3, 4]. This is the simplest approach,
albeit with some limitations. It cannot be per−
formed after previous gastric resection procedures
or in cases of cancer of the distal esophagus with
infiltration of the gastric cardia. It also precludes
postoperative radiotherapy of the posterior medi−
astinum [1]. Of the other approaches of conduit
placement, the retrosternal route is the most often
employed. This surgical approach is more techni−
cally challenging to perform. It necessitates
preparing an approximately 2–3 cm longer graft,
but it allows for postoperative radiotherapy and
the future functional results are more favorable. 

In this department of gastrointestinal and gen−
eral surgery, esophagectomy access via the right
pleural cavity (transhiatal esophagectomy is rarely
performed), with the retrosternal tunnel serving as
the route of conduit placement, is preferred.
Depending on the choice of material for eso−
phageal substitution (jejunum, sporadically ileum,
ileum with the right half of the colon, or colon),
anastomotic fistulas in the neck occur with vari−
able frequency (9.33–29.7%) [2]. Undoubtedly,
one of the causes is ischemia of the terminal end of
the conduit employed in the anastomosis, passing
through the retrosternal space. The critical section
of this tunnel is the upper part, particularly the tho−
racic inlet. Compression of the graft pedicle may
cause ischemia, especially when the colon is anas−
tomosed with the esophageal stump.

The aim of this study is to assess the dimen−
sions of the upper part of the retrosternal tunnel,
assess for possible vascular anomalies which may
increase the procedure’s risk, and utilize the
obtained data in the intraoperative decision on the
choice of surgical approach to esophageal replace−
ment.

Material and Methods

Twenty patients who had undergone subtotal
esophagectomy for esophageal cancer and for
whom the reconstruction procedure was planned
were evaluated. These patients were operated on in
2005–2007. The presented material comprised
16 men and 4 women, 48–72 years of age.

Two diagnostic methods were employed in
implementing this study: examination using digital
USG with Doppler and thoracic 10−slice multide−
tector−row CT angiography with a special diagnos−
tic protocol using an automatic syringe after the
administration of 1.5–2 ml/kg body−weight con−
trast medium with a 50–70 ml bolus of physiolog−
ical salt solution. Three−dimensional reconstruc−
tions (SSD) and volume reconstructions (VR)
were used in assessing the multiplanar reconstruc−
tions (MPR and MIP) of the vascular images.

Prior to the procedure, the following were
assessed: 1) the dimensions of the upper thoracic
aperture (i.e. the distances between the manubrium
and trachea and between the medial ends of the
clavicles), possible vascular anomalies in this
region, and potential cancer metastasis to the lungs
as well as potential pathological changes in the pos−
terior mediastinum (in the original esophageal bed).

Results

Postoperative complications after the esopha−
geal reconstruction procedure presented in 25% of
the patients. In three cases these were anastomotic
fistula of the native esophagus with the conduit, in
one case anastomotic stricture, and in one case par−
tial necrosis of the conduit. The fistulas were treated
conservatively. Healing was achieved, but in a very
short time anastomotic stricture developed. The
patient with the anastomotic stricture without prior
fistula was re−operated, creating a well−functioning
anastomosis. The female patient who developed
necrosis in the conduit from a right colon graft was
re−operated and, after removing part of this graft,
a left colon interposition graft was created. The
patients in whom anastomotic stricture developed
after fistula healing underwent endoscopic dilation.

Prior to the reconstruction procedure, the dis−
tance between the manubrium and trachea ranged
from 18.4 to 25.4 mm (average: 21.7 mm, Figs. 1,
2) and between the medial ends of the clavicles
from 26.9 to 30.3 mm (average: 28.8 mm) (Fig. 3).
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Wnioski. Metodą najbardziej odpowiadającą założeniom jest angio−TK klatki piersiowej i szyi ze zmodyfikowa−
nym protokołem diagnostycznym (Adv Clin Exp Med 2009, 18, 2, 159–162).

Słowa kluczowe: rekonstrukcja przełyku, powikłania, kanał zamostkowy.



In none of the studied patients were significant
vascular anomalies found which might impact the
preparation of the retrosternal tunnel (especially of
the internal thoracic artery) nor were there
metastatic changes in the lungs or remains of
tumor in the posterior mediastinum. Based on
these results it was established that the routine
method fulfilling the objectives is thoracic angio−
CT with the modified diagnostic protocol.

Discussion

There are various approaches to esophageal
replacement. The deciding factors are the choice of
conduit (stomach, colon, small intestine) and the
route of placement, with the related place of anasto−
mosis between the natural esophagus and the graft.
The simplest and most often employed approach is
substitution of the esophagus with stomach, and the
route of translocation may be the posterior medi−
astinum or the retrosternal tunnel [3]. Using the
stomach also has its disadvantages. Besides pre−
cluding the possibility of postoperative radiothera−
py, it always provokes symptoms associated with
gastric reflux. Additionally, cases have been de−
scribed of patients developing stomach cancer in
the conduit [8]. Less often utilized as a graft is the
colon (its right or left segment in iso− or antiperi−
staltic orientation), which is typically translocated
through the substernal tunnel, although there are
reports of placement of the right or left half of the
colon through the posterior mediastinal route as the
method of choice [5]. The material least often used
as a graft is the small intestine (jejunum and, excep−
tionally, ileum), although a graft from the terminal
ileum with the cecum and ascending colon in the
isoperistaltic orientation routed through the ret−
rosternal tunnel appears to be a good solution, espe−
cially as it is not technically difficult [2].

The variety of approaches to esophageal
reconstruction attests that there is no one best
method. The method of esophageal replacement
depends on many factors, of which the most
important is the experience of the surgical team.
Key roles in the successful outcome of the proce−
dure are played by the segment of the gastroin−
testinal tract selected for the conduit and the route
of placement. Huettl et al. [3] juxtaposed the out−
comes of reconstructive procedures in 234 surgical
centers in Germany. Utilization of stomach as
a conduit predominated, but in specialized and sig−
nificantly fewer centers the material used for
esophageal substitution was the colon. The differ−
ences in treatment outcome (complications, mor−
tality) were not statistically significant. Wong et al.
[6] compared treatment outcomes in two groups of
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Fig. 1. CT−scan – distance between the manubrium
and trachea

Ryc. 1. Badanie TK – odległość między rękojeścią
mostka i tchawicą

Fig. 2. CT−scan – distance between the manubrium
and trachea

Ryc. 2. Badanie TK – odległość między rękojeścią
mostka i tchawicą

Fig. 3. CT−scan – distance between the medial ends of
the clavicles

Ryc. 3. Badanie TK – odległość między przyśrod−
kowymi końcami obojczyków



patients depending on the route of conduit place−
ment (retrosternal, posterior mediastinal). Except
for a somewhat higher blood loss associated with
the retrosternal route, no other significant differ−
ences in the rate of complications were found.

The retrosternal route requires a slightly longer
conduit. The most significant problem is the nar−
row space in its upper part, especially in the supe−
rior thoracic aperture. Placement of the conduit
through the retrosternal route may require excision
of the upper part of the sternum and/or the left ster−
no−clavicular joint [6, 7]. In the present authors’
clinic, the retrosternal route is preferred, in which
various parts of the gastrointestinal tract are used to
create the esophageal replacement [2, 9, 10]. A sig−
nificant complication affecting the immediate as
well as distant treatment outcome is cervical anas−
tomotic fistulas. During the immediate postopera−
tive period they are effectively treated conserva−
tively. In the further course, however, they typical−
ly cause anastomotic stricture, requiring
endoscoping [2, 11] or surgical [2, 12] dilation. In
a few cases, anastomotic stricture can also present
without a fistula. This complication is commonly
caused by ischemia of the esophageal substitute.
One of the causes may be the narrow dimensions of
the upper part of the retrosternal tunnel.

Of the group of patients evaluated preopera−

tively using the described method, the female
patient with partial necrosis of the conduit should
be excluded because the ischemia could not have
been caused by the “narrowness” of the upper por−
tion of the retrosternal tunnel. In the remainder of
the patients in whom anastomotic leakage or cervi−
cal anastomotic stricture developed, the dimensions
of the thoracic inlet in extreme cases were from
20–24.9 mm in the sagittal plane to 26.9–29.1 mm
in the transverse plane measurement, and these
were lower than in the patients in whom complica−
tions did not develop. The measurements refer to
the distance between the bony and/or cartilaginous
parts. The removal of soft tissues may insignifi−
cantly increase these dimensions.

The basis for the selection of material for
esophageal substitution conducted to the neck
through the retrosternal tunnel is the ability to cre−
ate a well−perfused conduit, which depends on its
vascular supply. The initial findings presented here
can contribute to a reduction in the number of
complications, especially in those cases where
a favorable, intraoperatively assessed intestinal
vascular supply generates the possibility of using
various intestinal segments to create the substitu−
tion esophagus, and the choice of graft material
will be justified by the preoperative assessment of
the size of the superior thoracic aperture.
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