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Abstract
Introduction: The principal lesions in the hypharynx and esophagus are due to caustic burns and esophageal 
cancer which account for 17% to 23% of all events that compromise these two structures. They account for much 
of the surgery, especially for the challenge of major reconstruction. This study presents our series of cases using 
reversed gastric tube (RGT) esophagoplasty and presents a review of the literature and a critical discussion of 
the main aspects of this procedure. Methods: Patients underwent RGT esophagoplasties from January 2010 to 
January 2015. Results: One patient developed stenosis of the cervical anastomosis which was managed with 
endoscopic dilations. None of the patients developed dysphagia, clinical symptoms of dumping syndrome or 
delayed gastric emptying as the result of dietary modifications. Gastric reflux occurred in both patients and was 
teated with proton pump inhibitors. Discussion: RGT esophagoplasty is not often used for reconstruction after 
a total esophagectomy. Compared to the conventional technique of gastric ascent, interposition of the colon and 
supercharged reversed gastric tube techniques, it has the advantages that it is a one-step operation and is a 
simple procedure requiring only one anastomosis. It can be moved to the cervical region or even to the pharyn-
geal esophagus to create an anastomosis. Conclusions: This technique allows the creation of a longer duct for 
esophageal reconstruction and has a low complication rate with no mortality.
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INTRODUCTION

Most important lesions in the hypopharynx and esophagus 
are due to caustic burns and esophageal cancer. These can 
present and compromise the two structures from 17% to 
23%, which generates the need for a great resection and, in 
turn, the challenge of a great reconstruction, consisting of a 
successful replacement of the esophagus and restoration Of 
pharyngeal function. In these cases, a large graft is required 
for cervical pharyngeal reconstruction which increases the 
risk of distal ischemia. Initially, interposition of the colon 
was the method of choice for the reconstruction of massive 
defects like this, but in some cases microsurgery is neces-

sary. It presents an incidence of necrosis of approximately 
5.8% and complications are difficult to manage. (1, 2)

In contrast, the use of the stomach for the graft dos not 
require mesenteric dissection and avoids colloidal anasto-
mosis and gastric anastomosis. However, there is a limita-
tion on the length of the graft of the unreversed gastric tube 
that is associated with great morbidity. The global incidence 
of complications ranges from 26% to 55%, and of these 
mediastinitis secondary to graft necrosis is the most catas-
trophic. Reversed gastric tube esophagoplasty  is an option 
for esophageal replacement that uses a tube created from the 
inverted major curvature that was first described by Beck 
and Carrell in 1905. However, the first successful case of 
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esophageal reconstruction using this technique in a human 
was reported in 1951 by Gavriliu and Georgescu. (3) They 
used this technique in 93.5% of 768 patients of all ages who 
had or malignant esophageal pathologies. In 1955, Heimlich 
and Winfield used this procedure in eight dogs, (4, 5), and 
in 1957 they corroborated the utility of this technique in 
esophageal reconstruction in humans. In 1972 they publis-
hed a series of 53 cases which popularized the technique by 
presenting its advantages. These include the possibility of 
reaching the cervical and pharyngeal region by any of the 
mediastinal routes, use of only one anastomosis and satisfac-
tory restoration of swallowing. However, the long line of gas-
tric sutures and irregular blood supply involved may be con-
sidered disadvantages. Postoperative fistulas and stenoses at 
the anastomosis level were found in 7.5% of the patients in 
the Gavriliu series and in 12.5%   in the Georgescu series. (3) 
More studies are needed to refine application of the reversed 
gastric tube esophagoplasty and to improve the blood supply 
for the reconstructed esophageal segment. 

In this study we present two cases of the use of this tech-
nique and a review of the literature with a critical discus-
sion of the main aspects of this procedure. (5)

PATIENTS AND METHODS

We present two patients who underwent esophageal recons-
truction using reversed gastric tube esophagoplasty  from 
January 2010 to January 2015. One patient was 22 years 
old, the other was 46 years old, and one was a man, and 
the other was a woman. Both had suffered hypopharyngeal 
and esophageal caustic burns. Total transhiatal esophagec-
tomies were performed. The procedure used an esophago-
gastric cervical anastomosis 3 cm from the cricopharyn-
geal muscle for the woman patient and a pharyngogastric 
anastomosis for the male patient. Reconstruction used 
reversed gastric tube esophagoplasty due to the massive size 
of the resection and the large anastomoses. Patients signed 
informed consent forms prior to procedures. Laparoscopic 
gastrostomies were used to place feeding tubes towards the 
minor curvature of the gastric body. Clinical characteristics 
of patients are described in Table 1.

PREOPERATIVE EVALUATION

Our patients with caustic esophageal burns suffered in 
suicide attempts are initially evaluated and managed with 
upper digestive endoscopy within the first 48 hours after 
admission to establish the degree of severity of the burn, 
define the patient’s prognosis and determine treatment. 
Afterwards, proton pump inhibitors (PPI) and antibiotics 
are administered as recommended by Conitini et al. (6). 
There is no administration of corticosteroids, as they have 
not been shown to reduce short-term and medium-term  
risks of stenosis, as two systematic reviews by Peclova and 
Fulton have detailed. (7, 8). 

During the first 72 hours these two patients were under 
continuous clinical surveillance in the intermediate inten-
sive care unit. Metabolic support was initiated with total 
parenteral nutrition. An endoscopy of the upper digestive 
tract was performed between the second and third week to 
determine whether there were any stenoses. Due to occu-
rrence of severe stenosis in our series of cases, a laparos-
copic stamens gastrostomy was performed on day 21. It 
was placed near the lower curvature of the gastric corpus. 
Prior to the introduction of the feeding tube, upper diges-
tive endoscopy was performed intraoperatively through 
the gastrostomy to establish the presence of any burns, the 
length of burns and to locate the esophageal stricture. Both 
patients were considered to be surgical candidates since 
they presented no significant comorbidities. Patients were 
assessed by the psychiatry service, who determined that 
their mental states were apt to handle major surgery, and 
that the patients wanted to restore normal oral intake.

SURGICAL TECHNIQUE

Patients were placed in a supine position and a median 
laparotomy was performed with dissection by planes to the 
abdominal cavity. The gastrostomy tube was removed and 
the gastric fistula was closed with 3-0 polydioxanone suture 
(Ethicon, Inc., Somerville, NJ, USA). The left gastroepi-
ploic artery was dissected as close as possible to its origin 
in the splenic artery, preserving its irrigation to the major 

Table 1. Clinical characteristics of patients operated on with the reversed gastric tube technique

No. Age 
(years)

Sex Cause Severity Degree of stenosis 
at 3rd week

Length 
of burn

Pre-surgical 
nutrition

Reconstruction 
time

Reconstruction 
pathway

1 46 M Caustic 
burn

IIB 90% 23 cm Laparoscopic 
gastrostomy

8 weeks Posterior 
Mediastinum

2 22 F Caustic 
burn

IIIA 95% 27 cm Laparoscopic 
gastrostomy

8 weeks Posterior 
Mediastinum
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curvature of the stomach. The short vessels were ligated 
and cut with a harmonic scalpel (Ethicon, Inc., Somerville, 
NJ, USA) to provide more mobility to the gastric fundus. 
The junction between the left and right gastroepiploic 
arteries was identified. At this point, two 55 mm linear 
cutting sutures were stapled in (Ethicon, Inc., Somerville, 
NJ, USA) in the direction of the head at the midpoint of 
the gastric fundus, without sectioning, and with a margin 
of approximately 2 cm. Release of gastric fundus adhesions 
to the diaphragm created the reversed gastric tube (Figures 
1, 2 and 3). The mechanical suture line was not reinforced 
manually. In addition, an extensive Kocher maneuver was 
performed to release the duodenum and head of the pan-

creas in order to bring the pylorus closer to the midline. 
Once this was done, we proceeded to the cervical stage. 
Through left cervicotomy, the left paravertebral space was 
dissected by planes and the proximal portion of the esopha-
gus was identified. A section above the point of the burn 
stenosis, approximately 2 to 4 cm after the cricopharyngeal 
muscle was removed with a cold scalpel. The esophagus 
was removed through the transhiatal route and a 55 mm 
linear cut suture was stapled (Ethicon, Inc., Somerville, NJ, 
USA) at the esophagogastric junction to complete the total 
esophagectomy. Heineke Mikulicz pyloroplasty was then 
performed to prevent delayed gastric emptying syndrome 
caused by the trunk section of the vagus nerve (Figure 4). 

Figure 1. Identification of junction of the left and right gastroepiploic 
arteries for placement of first surgical staple

Figure 2. Creation of reversed gastric tube with linear cut mechanical 
suture.

Figure 3. Reversed gastric tube that easily reaches the cervical region 
subcutaneously.

 
Figure 4. Pyloroplasty to prevent delayed gastric emptying syndrome.
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artery through the posterior mediastinum to the cervical region.

Figure 6. Surgical scheme for the creation of the reversed gastric tube.  Figure 7. Reversed gastric tube.

The reversed gastric tube was joined to the left gastroepi-
ploic artery through the posterior mediastinum to prevent 
any type of torsion and avoid excessive tension in the distal 
vascular pedicle by finger dissection to the cervical region 
(Figure 5). A termino-terminal anastomosis was crea-
ted between the  esophagus and stomach in the mucosal 
and seromuscular layers with 3-0 polydioxanone sutures 
(Ethicon, Inc., Somerville, NJ, USA). Under vision and 
direct control, we advanced a nasogastric tube for decom-

pression and a nasojejunal probe for early enteral nutrition 
(Figures 6 and 7). A Penrose drain was left as a control at 
the site of the anastomosis (Figure 8). Advanced enteral 
nutrition was started on the third postoperative day. Both 
patients required postoperative monitoring in the intensive 
care unit (ICU). On the seventh postoperative day, routine 
radiography of the upper digestive tract was performed 
to establish whether or not there was any leakage and to 
determine if oral feeding could be resumed. Endoscopic 
inspection of the upper digestive tract two weeks after 
surgery checked the anastomosis and the suture line of the 
inverted stomach in order to rule out fistulas or poorly per-
fused mucosa.

RESULTS

The average length of the reversed gastric tube graft mea-
sured endoscopically at two weeks following surgery was 
32.5 cm. One patient was in the ICU for four days while the 
other was in the ICU for five 5 days. Neither patient died, 
and both procedures were performed without intraopera-
tive complications. The female patient developed a posto-
perative fistula of the mechanical suture line in the rever-
sed gastric tube graft at 4 cm from the esophageal-gastric 
junction which was resolved with medical management 
through total parenteral nutrition and broad spectrum 
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Figure 8. Surgical wounds.

antibiotic therapy and closed thoracostomy for drainage 
of the right pleural space. There were no other clinical 
repercussions after two weeks. It is noteworthy that neither 
of our patients developed perioperative pneumothorax. 
The male patient presented a late stricture of the cervical 
pharyngeal-gastric anastomosis which resolved completely 
with endoscopic pneumatic dilations without long-term 
dysphagia. The Penrose drain was removed on the seventh 
day and a normal diet was resumed on the tenth day after 
feeding tubes had been removed without complications. 
Neither of the patients showed dysphagia when their diets 
were modified, nor did they develop clinical symptoms of 
Dumping syndrome or delayed gastric emptying. However, 
both patients did experience gastric reflux which requires 

continuous use of PPIs and a 30-degree head elevation at 
night (Table 2).

DISCUSSION

Eighty percent of caustic esophageal burns are the result 
of accidental ingestion by children, but the remaining 20%   
are suicide attempts by adults, as in the two cases we have 
presented here. Reconstruction through total esophagec-
tomies with the interposition of the colon are performed 
routinely because the colon is long enough to replace the 
resected segment. Nevertheless, the complicated surgical 
manipulation involved is a disadvantage of this techni-
que, as has been reported by Knezevic (9) and colleagues. 

Table 2. Results

No. Graft 
length 
(cm)

Surgical 
time

Type of 
anastomosis

Bleeding Anastomotic 
test

ICU 
stay

Complications Management Hospital 
stay

Follow-
up

Evolution

1 35 2 h 45 
min

Cervical 
termino-
terminal in the 
pharyngogastric 
layer

250 mL Esophageal 
x-ray on day 7 
was negative

4 
days

Late stenosis (6 
m) of cervical 
anastomosis

3 sessions of 
endoscopic 
pneumatic 
dilatation

15 days 2 years Tolerating 
regular 
diet, 
gastric 
reflux

2 32 2 h 30 
min

Termino-
terminal cervical 
in two layers 
cm from the 
cricopharyngeal 
muscle

300 mL Esophageal 
x-ray on day 7 
was positive

5 
days

Filtration 
of gastric 
stapling line 
at 4 cm from 
the cervical 
anastomosis

Antibiotic 
therapy, total 
parenteral 
nutrition plus 
thoracostomy

21 days 6 
months

Tolerating 
regular 
diet, 
gastric 
reflux
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the greater curvature of the reversed gastric tube provides 
ideal graft coverage and fills all dead spaces in the poste-
rior mediastinum. Because of its great length, the graft can 
ascend through the posterior or retrosternal mediastinum 
or even subcutaneously, although the latter pathway pre-
sents a high risk of obstruction due to the compression 
of the bony prominences, as was used in our patients. It is 
important to make clear that surgical time and bleeding are 
similar to those in conventional gastric ascents. (14, 15)

Disadvantages of the reversed gastric tube include exces-
sive secretion of gastric acid even though the esophago-
gastric anastomosis of the reversed gastric tube involves a 
portion of the stomach with low levels of acid secretion. In 
these cases, gastric reflux requires prolonged administra-
tion and 30 degree nighttime head elevation as was need 
for our patients. (16, 17)

Most studies that have been published about this tech-
nique discuss its use in the pediatric population. Dr. Ein 
(18) from Toronto published a 32-year case series of 11 
patients who had undergone esophageal replacement with 
gastric tubes. Eight of these were reversed, and three were 
not. Initially, six patients required dilations, but 30-year 
long-term follow-up revealed that 9 of 11 patients were 
swallowing normally. In our results analysis, only one 
patient required endoscopic pneumatic dilatation and 
both patients are currently tolerating a regular diet with 
no symptoms of dysphagia and gastric reflux is controlled 
with PPIs without the need for parenteral or enteral nutri-
tional support. It is important to emphasize that the great 
length of the gastric graft obtained with this technique 
allows use of any of the thoracic routes (posterior medias-
tinum, retrosternal and subcutaneous). In addition, it is a 
feasible technique which is reproducible by any general 
surgeon since it does not require microvascular surgery as 
does jejunal transposition. Nevertheless, it does require 
constant care that an acceptable diameter (3 cm) be main-
tained when forming the reversed gastric tube. Long-term 
follow-up requires less expertise and can be done through 
upper digestive endoscopy at medium to low complexity 
medical centers. (19-21)

CONCLUSIONS

This procedure produced favorable results in these two 
cases, and we can conclude that the reversed gastric tube 
technique allows the creation of a longer tube for the repla-
cement of the whole esophagus without mortality and with 
moderate hospitalization time. Although experience with 
this procedure in adults is minimal, it is a safe, reproduci-
ble reconstruction procedure and a promising option for 
pharyngeal-esophageal reconstruction surgery.

Early complications such as anastomosis filtration, colonic 
necrosis and pneumothorax) occur in up to 26.4% of the 
patients who undergo this procedure, and late complica-
tions such as stenosis of the anastomosis, peptic ulcer of 
the colon, intestinal obstruction and compression of the 
thoracic outlet occur in an additional 14%. To correct these 
types of anatomic defects after esophageal resection, the 
stomach is widely used as the first option, and the colon 
is used only for patients who have previously undergone 
gastrectomies, patients requiring simultaneous gastrec-
tomy and esophagectomy, and those with extensive caustic 
burns of the gastric mucosa. On the other hand, difficul-
ties increase with the height of the anastomosis, with more 
frequent leaks and stenoses. To minimize the problems of 
anastomotic dehiscence and graft necrosis due to increased 
tension and poor blood supply, other techniques have been 
designed to increase the vascularization of the reconstruc-
ted region. These includes the reversed gastric tube and 
the supercharged reversed gastric tube. This technique 
employs microvascular anastomosis at the cervical level 
using the left gastric artery and gastric conditioning pro-
cedures based on the delay phenomenon as described by 
Akiyama et al. (10) Patients undergo percutaneous embo-
lization of the gastric vessels in order to generate collateral 
blood circulation by gastric diffusion and thus improve the 
irrigation of the ascending gastric tube. (11)

Although the reversed gastric tube technique is not often 
used for reconstruction after a total esophagectomy, it may 
have advantages over the conventional techniques of gastric 
ascent, colonic interposition or overloaded reversed gastric 
tube since it is a simple procedure requiring only a cervical 
anastomosis. It can be transferred to the cervical region or 
even to the pharyngeal esophagus to create an anastomo-
sis. Because the caliber of the reversed gastric tube varies, 
it may be closer to that of the proximal esophagus or even 
to the oropharynx which decreases the possibility of posto-
perative stenosis of the anastomosis as has been reported 
to occur in  up to 42% of  esophageal reconstructions by 
Honkoop et al. (12) In addition, the reversed gastric tube 
technique facilitates a more physiological swallowing pro-
cess and allows for a greater esophageal clearance. The 
vascular pedicle of the reversed gastric tube given by the 
left gastroepiploic artery avoids the need for microvascu-
lar surgery and reduces the risks of necrosis and leakage of 
the anastomosis (which has been observed to be as high as 
13% by Orringer et al.). (13) One of our patients develo-
ped leakage at the mechanical suture line of the reversed 
gastric tube proximal to the anastomosis, but this resolved 
with medical management with thoracostomy for drainage 
which was subsequently closed. The patient did not require 
reoperation. Part of the greater omentum that ascends with 
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