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Abstract
The substantial improvement in chemotherapy and radiation regimens has led 
to increasing the rate of surgical intervention in patients with esophageal cancer. 
The gastric graft is the preferred conduit to establish the gut continuity after 
esophagectomy for cancer. However, prior gastric surgery and gastric pathological 
conditions may pose intraoperative difficulties in a subset of patients to safely 
create the future gastric graft. In these particular situations, alternative options 
should be considered using an available organ as an alternative conduit. The 
colon and jejunum grafts are usually used as an alternative conduit to complete 
reconstruction after esophagectomy when the stomach is unusable. Therefore, 
the esophageal surgeons should acquire surgical skills and experience to be adept 
at managing intraoperative difficulties with the conduit preparation.
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History of Prior Surgery
Prior gastric surgery can preclude the use of the stomach as a 
graft for esophageal reconstruction after esophagectomy. The 
blood supply to the gastric conduit is mainly assured by the right 
gastroepiploic artery. So, any injury to this vessel precludes the 
safety of gastric graft creation. The gastrostomy feeding tube is 
often avoided in patients planned for esophageal surgery, and 
feeding jejunostomy is usually performed during esophageal 
reconstruction. However, precautions should be taken when 
dissecting and closing gastrostomy [1].

Prior gastric surgical procedures can render the stomach 
unusable as a future graft for esophageal reconstruction after 
esophagectomy. The gastroepiploic arcade can be disrupted or 
injured, either purposefully or inadvertently, when mobilizing the 
greater curvature during fundoplication procedur as reported, 
the stomach can be used as a graft after antireflux and hiatal 
hernia procedures, however, the operative time was increased 
with high-risk for developing postoperative complications 
[2,3]. Bariatric surgical procedures remain a challenge during 
the surgical treatment of esophageal cancer, and the remnant 
stomach is rarely usable as a future conduit [4-8]. Laparoscopic 
sleeve gastrectomy is the most popular and performed procedure 
amongst weight-loss operations [9]. The vascular supply of the 
remaining gastric tube following sleeve gastrectomy lies on 
the left and right gastric arteries along the lesser curvature, 
rending the gastric tube unusable as a conduit for esophageal 
reconstruction. A gastric graft after the Roux-en-Y gastric bypass 

can be safely created; however, operative time was increased 
related to dissection and additional required anastomoses. 
Furthermore, embolization of the gastroduodenal artery, as 
an interventional treatment for complicated ulcer with upper 
gastrointestinal bleeding render stomach unusable because the 
right gastroepiploic artery arises from the gastroduodenal artery 
[10]. Also, extensive gastric resection to optimize tumor removal 
of the distal esophageal results in the remnant stomach with 
insufficient length to reach the neck.

Alternative Graft Options 
Choosing a graft for esophageal reconstruction following 
esophagectomy depends on the distance of reconstruction, the 
available conduit, and the surgeon’s familiarity or preference with 
a surgical technique. However, deep-knowledge and familiarity 
with alternative graft options are key for a successful esophageal 
reconstruction. To address this issue, many institutions privilege 
inter-specialty collaboration including thoracic surgeons, general 
surgical oncologists, colorectal, and/or plastic surgeons.

The jejunum has some features including luminal size which 
matches well with the esophagus lumen, the reliable blood 
supply, and the less proneness for the disease. The jejunum 
can be used as a pedicled transplant or free jejunal graft or 
supercharged pedicled graft with microvascular anastomosis to 
the internal mammary vessels [11]. The jejunal graft is often used 
for segmental reconstruction with a short distance, especially 
during the reconstruction of the cervical esophagus.
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The colon is the first digestive organ used in esophageal 
reconstructive surgery [12]. The advantages of the colon 
include increased length that can be mobilized on its vascular 
pedicle and resistance to gastric acid injury. The disadvantages 
of colon interposition include the need to perform additional 
anastomoses, high risk of graft ischemia compared to gastric 
graft, and long-term dilatation resulting in redundancy.Either the 
right or left colon can be used, however, the left colon has a more 
constant arterial supply and smaller diameter with less prone 
to dilatation, compared to the right colon. Furthermore, the 
left colonic interposition is slightly preferred by many surgeons 
because of the lower risk of graft ischemia. The colon segment 
to be harvested is based on the distance of reconstruction and 
the adequate blood supply. In addition, the transverse colon is 
often harvested to provide further length in both right and left 
colon [12,13]. The colon exploration is required before surgery, 
especially in patients with a history of inflammatory bowel disease 
or high-risk of disease including malignancy, diverticular disease, 
and even polyposis. The preoperative colonoscopy is performed 
routinely, and other modalities such as imaging or angiography 
can be included to delineate the arterial vascular arcades, 
especially in patients with a history of colon surgery. Colon 
preparation should be instituted in where colonic interposition is 
planned or considered as an alternative option intraoperatively.

Overall, the decision to which colon could be used is made 
intraoperatively after vascular clamping testing to assess the 
adequacy of the selected colon segment [14]. Importantly, the 
colon graft should be used in isoperistaltic fashion. According 
to the colon segment and its blood supply; there are six main 
selection patterns of grafts (Table 1).

The graft of reconstruction can be pulled up through various 
routes namely the posterior mediastinum, the substernal tunnel, 
and the subcutaneous route.The subcutaneous route is the 
longest, with the sharpest angle of the cervical and abdominal 
extremities, resulting in a high risk of graft ischemia and necrosis. 
This placement site of the graft is reserved when other options 
are not suitable [13]. The posterior mediastinum is the shortest 
and most direct route, with a minimized risk of ischemia [15]. The 
posterior mediastinum is preferred for immediate reconstruction. 
However, significant scarring after mediastinal dissection may 
preclude the safe re-access of the posterior mediastinum [16]. The 
substernal route has been advocated in delayed reconstruction 

and palliative surgery, and when the posterior mediastinum is 
not readily accessible [16]. Creating the substernal tunnel does 
not require a thoracic incision, thereby minimizing pulmonary 
complications. This route has the biggest disadvantage of the 
potential risk of graft compression in the cervical region leading 
to mechanical graft ischemia. Thus, it is advisable to enlarge the 
thoracic inlet by removing the left half of the manubrium and 
the internal third of the left clavicle. Additionally, widening the 
thoracic inlet allows access to the left internal mammary vessels 
to perform microvessel anastomosis.

Intraoperative Issues 
Regarding the graft viability, difficulty, and concerns about the 
graft blood supply can arise intraoperatively. The graft ischemia 
is the most dreaded complication occurring during esophageal 
reconstruction. The fluorescence angiography or Doppler is 
useful to assess the graft blood supply [17,18]. To this end, 5 to 10 
mg of indocyanine green is administrated intravenously, and the 
graft is then assessed for perfusion in a qualitative fashion, as the 
indocyanine green is distributed in the tissue [19]. Once confirmed, 
several treatment approaches are available to adequately deal 
with graft ischemia. The arterial flow augmentation and venous 
drainage improvement are mainly performed by anastomosing 
the graft mesenteric vessels to the left internal mammary artery.

The improvement of graft perfusion can clinically be ascertained 
confirmed by clearance of Congestion and cyanosis and 
appearance of adequate pulsation of the graft vessel. Also, 
this blood flow improvement can be performed by techniques 
previously described [20].

If technical conditions are not favorable to perform graft 
supercharge, other options can be considered. Selecting 
another conduit and achieving reconstruction is an alternative 
in hemodynamically stable patients with fewer risk factors 
and short operative time. Whereas, in high-risk patients with 
hemodynamic instability, delaying the reconstruction process is 
the optimal option with removing the ischemic graft, diverting 
the cervical esophagus, performing feeding jejunostomy, and 
transferring patients to intensive care for optimization. Further 
reconstruction should be considered in patients with optimized 
clinical conditions. Another option that can be considered in 
subacute graft ischemia is to leave the patient in discontinuity 
for 24 to 72 hours, and then return to the operating room 
to re-evaluate the graft viability. Colon interposition is more 
demanding and the surgeon should be more familiar with it. The 
surgeon should choose the appropriate approach to deal with the 
colon graft ischemia intraoperatively. Overall, colon interposition 
was associated with a high risk of graft ischemia. Therefore, 
prevention is the best way, including preoperative identification 
and optimization of the high-risk patient (comorbidities), and 
careful selection of colon segment with avoiding the weak 
vascular points. Also, precautions should be taken while pulling 
the graft to the neck, avoiding twist, kicking, and mechanical 
compression. When the substernal route is used, the thoracic 
inlet should be enlarged to prevent graft compression.

Blood supply Colon graft Direction
Ileocolic 
artery

Ascending + 
transverse Antiperistalsis

Right colic 
artery

Ileum + ascending Isoperistalsis
 Ascending + 

transverse Antiperistalsis

Middle colic 
artery

Ascending + 
transverse Antiperistalsiss

ascending + 
transverse Isoperistalsis

Left colic 
artery

Transverse + 
descending Isoperistalsis

Table 1 Types of colon graft.
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Conclusion
Finally, Surgery remains a part of the multimodal treatment of 
esophageal cancer. To achieve successful reconstruction following 
oesophagectomy, knowledge of managing a difficult graft and 

having a surgical skill with alternative graft options, how to deal 
are required to optimize the dealing with intraoperative issues.
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