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Abstract: Esophagectomy with gastric tube reconstruction is a highly complex surgical procedure. With
regard to mobilization of the stomach and optimal gastric tube preparation and anastomosis, there are
several important intraoperative steps that can influence the outcome of the operation. This study aims to
describe the optimal mobilization of the stomach for gastric tube reconstruction and explore the best place in
the gastric tube for intrathoracic anastomosis after esophagectomy. A search of the literature was performed
and results are described in a descriptive review. Based on literature and our own experience we describe
important operating steps for laparoscopic stomach mobilisation for gastric tube reconstruction. Steps to
create additional length include preserving the left gastroepiploic artery, transecting the right gastric artery,
extended duodenal mobilization, and duodenal diversion with roux-Y reconstruction. Several techniques
for intrathoracic anastomosis are described in literature. Several imaging techniques, of which fluorescence
imaging is the most commonly used, are available to assess the vascularization of the gastric tube and to
assist in determining the best place in the gastric tube for intra thoracic anastomosis. Although there is little
evidence of exact technique on stomach mobilization and location for an intrathoracic anastomosis, many

techniques are used by different authors with varying results.
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Introduction It has been shown to reduce pulmonary complications and
length of hospital stay (4). In the Netherlands, the majority

Esophageal cancer is currently the 9" most prevalent cancer . . o .
of patients are now operated minimally invasively, with an

worldwide, and the 6™ most frequent cause of cancer- . . . .
intrathoracic anastomosis (Ivor Lewis procedure) (5).

related death (1). Despite the advent of (neo-)adjuvant
therapies, surgery with the aim of a radical resection
remains the mainstay of treatment (2). Radical resection
usually involves open or minimally invasive esophagectomy
with lymphadenectomy, and reconstruction is mostly
performed by creating a gastric conduit with a cervical or
intrathoracic esophago-gastrostomy (3). In recent decades,

minimally invasive surgery has become increasingly popular.
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Esophagectomy with gastric tube reconstruction and
intrathoracic anastomosis is a highly complex surgical
procedure associated with considerable morbidity.
Optimal surgical technique is important to reduce short
term complications such as anastomotic leakage, but
also to facilitate good long-term functional outcome.
This descriptive review aims to describe the process of
stomach mobilization and formation of the intrathoracic
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anastomosis. With regards to mobilization of the stomach,
the goal is to create a well vascularized and functional
gastric tube with maximal length for reconstruction.
Key steps in the operation are described, as well as
several options to gain additional length for a safe and
well vascularized anastomosis. For the creation of the
intrathoracic anastomosis, several methods are described
and evidence for the optimal place in the gastric tube for
the anastomosis is reviewed.

Optimal mobilization of the stomach
Key steps in mobilization of the stomach

In laparoscopic mobilization of the stomach, usually an
optical trocart is placed in the midline above the umbilicus,
with three working trocarts subcostally (two on the left side
and one on the right) and a Nathanson liver retractor via
a separate subxyphoidal incision. Firstly, the hepatogastric
ligament is opened close to the liver; all lymph nodes from
the ligament will be included in the resection specimen.
The right gastric artery is preserved along the smaller
curvature of the stomach to the point where the gastric
angle is prepared for tube formation by stapling. Any
adhesions now visible in the omental bursa are released.
This will facilitate adequate exposure of the celiac trunk.
Subsequently a lymphadenectomy is performed in the
hepatoduodenal ligament, along the common hepatic artery,
along the splenic artery towards the splenic hilum, and
around the celiac trunk. The left gastric artery is transected.
Arterial branches coming from the splenic artery to the
posterior stomach will be transected. The smaller curvature
is now completely mobilized.

The next step is to transect the gastrocolic ligament
to open the greater sac without damaging the right
gastroepiploic artery. The gastrocolic ligament is
completely transected to the right side until the proximal
duodenum is reached. Subhepatic adhesions of the proximal
duodenum occur frequent and should be freed. The
proximal duodenum is mobilized on the dorsal side until the
gastroduodenal artery is visualized and the base of the right
gastroepiploic artery is separated from the mesentery of the
transverse colon. To the left side, the gastrocolic ligament
is transected completely and all short gastric vessels are
transected. Along the greater curvature a part of the greater
omentum is included in the resection to serve as an omental
flap to cover the anastomosis during reconstruction.
Hereby also the left gastroepiploic artery will remain intact.
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An anatomical study by Buunen ez 4/. showed an arterial
anastomosis between the right and left gastroepiploic artery
in 70% of patients (6). Leaving the left gastroepiploic artery
in situ and transecting it at the splenic hilum gave a 5 cm
increase in feeding arterial arcade-length of the gastric tube.
Anatomical structures of the omental bursa are depicted in
Figure 1.

After the distal esophagus is dissected free from the
diaphragm the stomach is completely mobilized, and
ready for tube reconstruction. A review by Akkerman et al.
previously reported lower rates of delayed gastric emptying
of gastric tube reconstruction compared to gastric pull up
reconstruction (7). In the included studies of the meta-
analysis gastric tubes with a width of 3—4 cm were created.
Gastric tube reconstruction is also associated with less reflux
esophagitis compared to whole gastric reconstruction (8).
From the gastric angle on the smaller curvature,
approximately 5 cm proximal to the pyloric ring, a stapling
device is used to create the gastric tube. Powered tri-
stapling devices are very suitable for tube formation
and create a reliable staple line. The potentially weakest
point of the staple line is the crossing point of the
subsequent staple lines; these are reinforced with additional
stitches. We then create a gastric tube of approximately
4-5 centimeters wide. No consensus exists on the optimal
width of the gastric tube; some authors suggest that the
width is not of great importance; however, in literature the
width usually varies between 2 and 6 centimeters (7,9). After
creating the gastric tube it is useful to test the mobility of
the pyloric ring. Preferably the pyloric ring can be brought
towards, but not above, the level of the esophageal hiatus.
A complete intrathoracic gastric tube with the pylorus
situated above the diaphragm may result in redundant
gastric tube length, resulting in delayed emptying, which
may even need surgical correction (10). In our experience,
the abovementioned steps allow for sufficient cephalad
retraction of the stomach.

Another important aspect of gastric mobilization is to
avoid damage to the stomach as much as possible; the so
called no touch technique. Especially the fundus of the
stomach is fragile and prone to tears if grabbed during
the laparoscopic part of the procedure. Therefore it is
important to touch this part of the stomach as little as
possible.

Additional mobilizing steps

In case of insufficient length of the gastric tube or the
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Figure 1 Anatomical structures of the omental bursa.

inability to stretch the pyloric ring towards the diaphragm,
additional mobilization steps can be performed.

The tension on the right gastric artery originating
from the proper hepatic artery is one of the things that
could be explored. A vascular anatomy study showed that
the arterial contribution of the right gastric artery of the
gastric tube is negligible (11). This seems especially true
for narrow gastric tubes (12). If necessary, transection of
the right gastric artery at its origin can provide additional
length of the gastric tube. No literature is available on the
specific amount of gained length or consequences to the
vascularization or postoperative complication rate.

Another option to gain length is an extended duodenal
mobilization (Kocher maneuver). Hereby all lateral
peritoneal attachments of the duodenum are transected.
The retroperitoneal adhesions are released and posteriorly
the inferior caval vein is exposed. The duodenum and the
head of the pancreas can then be retracted to the patients
left facilitating additional upward movement of the gastric
tube. Some authors routinely perform the Kocher maneuver
in the process of stomach mobilization to attain additional
length of the gastric conduit (13-15). However, the more
extended mobilization of the duodenum may increase the
risk of delayed gastric emptying; in our clinical practice we
therefore do not routinely perform the Kocher maneuver
but reserve it for selected cases.
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In case of a short gastric tube, for example in case of
patients with an irradiated gastric fundus, a more radical
alternative for extended duodenal mobilization is to perform
duodenal transection. In this procedure described by
Kosumi et a/. the duodenum is transected distally from the
pyloric ring (16). The right gastroepiploic artery remains
intact and serves as the feeding artery of the gastric tube.
After performing the esophago-gastric anastomosis, the
distal end of the gastric tube is anastomosed to the upper
jejunum using a Roux-Y reconstruction. In this manner a
short gastric tube could be mobilized to the level of the chin
in their series. Another small series from Japan suggested
better functional outcomes after duodenal diversion with
Roux-Y reconstruction than after conventional gastric tube
reconstruction, i.e., less gastroduodenal content reflux and
delayed gastric emptying (17).

The best place in the gastric tube for
intrathoracic anastomosis

Key steps in the creation of intrathoracic anastomosis

After completion of the abdominal phase, including
the construction of a feeding jejunostomy, the patient
is positioned in prone position. A four port right sided
thoracoscopy is performed. The esophagus is dissected and
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Figure 2 The specimen is brought extracorporeal through a mini-
thoracotomy, after which the gastric tube is completed and a
circular stapler can be introduced.

Figure 3 End-to-side technique for intrathoracic anastomosis in

Ivor Lewis esophagectomy.

mobilized, including the thoracic duct. Para-esophageal,
lower and middle mediastinal, subcarinal and paratracheal
lymphadenectomy is performed. The gastric tube is
brought into the thorax and the esophagus is transected just
superior to the carina, or—on indication—more proximally,
but never more distally, in order to be able to bury the
anastomosis behind the pleural flap after completion. It
is also important to take the radiation field into account
when transecting the esophagus: irradiated tissue should
not be used for the anastomosis. During transection, the
nasogastric tube can be retracted under vision and be
placed in the proximal esophagus for proper reinsertion in
the gastric tube after completion of the anastomosis. After
transection the diameter of the esophagus is assessed to
determine the correct stapler size.
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The specimen is brought outside the patient via a mini-
thoracotomy at the most caudal trocart point and separated
from the stomach with the powered stapling device, after
which the gastric tube is completed (Figure 2). The distal
part of the stapling line is reinforced with interrupted
sutures, which serve as an aid in thoracoscopic identification
of the optimal place for the anastomosis. Thoracoscopy is
resumed and the anvil of a circular stapler is inserted into
the esophagus and a purse string suture is made with an
endoscopic suturing device.

Then the place of the anastomosis in the gastric tube is
determined. It is important to carefully position the gastric
tube in a straight, tensionless manner, without rotation.

After this step, the vascularization or perfusion of
the gastric tube is tested by fluorescent imaging using
indocyanine green (ICG). During this procedure we
note the time from ICG injection to lighting up (‘time to
enhancement’) of the lung (as reference), proximal gastric
tube, intended anastomotic site, and tip of the gastric
tube. In case of doubt about the quality of perfusion at the
intended anastomotic site, we will explore the possibility of
a more proximal, better part of the gastric tube for site of
anastomosis. Then the anastomosis is created in an end-to-
side fashion with a conventional circular stapler after a purse
string suture on the esophageal stump, at the mesenteric
side of the gastric tube (Figure 3). The remnant gastric
tube is stapled off with the linear tri-stapler, after which
the anastomosis is reinforced with two standing sutures and
then buried behind the pleural flap with an additional suture
(Figure 4). As final step, the omental flap is wrapped around
the anastomosis (‘flap and wrap’-technique) (Figure 5).

Alternative techniques for the creation of intrathoracic
anastomosis

Several alternative techniques are available for the creation
of the intrathoracic anastomosis. With regard to the circular
stapler, one can choose for transthoracic or transoral
application of the anvil (Orvil device®). A review comparing
these two most frequently used stapling methods found
no differences in outcomes such as anastomotic leakage
or stenosis (18). In our experience the mini-thoracotomy,
which is necessary to retrieve the specimen, provides for an
excellent route for introduction of both anvil and stapler.
Furthermore, the application of the anvil with a suturing
device prevents a double stapling line in the anastomosis.
An alternative method for the intrathoracic anastomosis
is a side-to-side anastomosis with a linear stapler
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Figure 5 Anastomosis is covered by omental wrap.

(Figure 6). The remaining defect can be closed with a suture
(e.g., V-loc" suture), or by stapling. This method creates a
larger luminal diameter, and is functionally comparable to
an end-to-end anastomosis (19).

A third method, next to circular and linear stapling
techniques, is the handsewn end-to-side anastomosis. Single
or double layer suturing can be used. Especially in robotic-
assisted minimally invasive esophagectomy, the (robotic
assisted) handsewn technique is commonly used (20).

Comparisons between the different methods usually
show no significant differences in leak rates, but some
authors suggest that anastomotic stenosis occurs more
frequently after handsewn anastomosis (19). In our opinion
the major advantage of the circular stapling technique
is that is a very reproducible technique. Furthermore,
different diameters can be applied (mostly 25 or 29 mm)
and it produces a clear proximal resection margin, namely
the proximal (esophageal) stapling ‘donut’.

The best place in the gastric tube for intrathoracic

anastomosis

Regarding the best place in the gastric tube for the
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Figure 6 Side-to-side technique for intrathoracic anastomosis in

Ivor Lewis esophagectomy.

Figure 7 Stapling on the mesenterial side of the gastric tube (left)

and on the antimesenterial side (right).

anastomosis there are several choices to be made.
Firstly one has to choose between the mesenteric and
antimesenteric side of the gastric tube (Figure 7). In our
opinion, the advantage of the mesenteric side is that it is
probably the better perfused side, and mesenteric stapling
will also facilitate easier transthoracic introduction of the
stapler. Another advantage of mesenteric placement of
the stapler is that the anastomosis will not contain a cross
staple line. Kesler and colleagues recently described a novel
intrathoracic anastomotic technique on the antimesenteric
side, where a linear stapler is fired cutting through and
restapling the lesser curvature staple line (21). In their
series of 278 open esophagectomies this technique led to
excellent results, with a leak rate of only 2.9%. However,
the reproducibility in minimally invasive esophagectomy is
yet to be demonstrated.

Regardless of the type of intrathoracic anastomosis, the
following principles should always be respected: adequate
vascularized, watertight and tension free. Important is to
determine the level in the gastric tube for the anastomosis.
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Previously the quality and vascularization of the gastric tube
was primarily judged subjectively based on palpation and
visual inspection. Nowadays several imaging techniques are
available to assist in determining the quality of the intended
anastomotic site in the gastric tube. Laser speckle contrast
imaging, optical coherence imaging, sidestream dark
field microscopy, fluorescence imaging and near infrared
spectroscopy are all optical techniques currently under
investigation for perfusion analysis of gastric tubes after
esophagectomy, as shown in a review from our group (22).
Fluorescence imaging is the most commonly used
technique in current practice. The influx of ICG is used as
a surrogate for arterial perfusion. Quantification remains
an issue in fluorescence imaging and needs further clinical
investigation. However, even without quantification, the
visual assessment of arterial perfusion of the gastric tube
has been shown to correlate with the likelihood of an
anastomotic leak (23). Future studies are needed to confirm
these results and to investigate whether fluorescence
imaging can contribute to lower incidence of anastomotic
leakage. With regard to quantification of perfusion, ‘time to
enhancement’ is the most easy and reproducible parameter
and can be applied without additional software (24). Time-
fluorescence intensity curves analysis and ICG flow speed
are alternative quantification parameters that may be of use
in the future. With our current experience, we feel that the
combination of intraoperative visualization and the ‘time
to enhancement’ parameter provides sufficient information
regarding perfusion at the intended anastomotic site and is
useful in the decision making process.

Conclusions

In summary, this descriptive review described the optimal
mobilization of the stomach for gastric tube reconstruction.
Several mobilization steps can result in additional length
of the conduit, including preserving the left gastroepiploic
artery, transecting the right gastric artery and extended
duodenal mobilization. Several techniques for a minimally
invasive intrathoracic anastomosis are known and whether
the preferred anastomotic site in the gastric tube should
be mesenteric or antimesenteric remains unclear based on
current literature. Several imaging techniques are nowadays
available to assess vascularization of the gastric tube.
Fluorescence imaging has been shown to affect decision
making while performing the esophagogastric anastomosis
and may be helpful in determining the best place for the
anastomosis in the gastric tube.
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