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ABSTRACT

Purpose: To evaluate a technique to remove the thoracic esophagus without thoracotomy and two methods for thoracic esophageal
replacement in dogs. Methods: 27 ex-vivo dogs were divided into three groups in order to evaluate: G1 —total thoracic esophagectomy
by the everting stripping method; G2 — total thoracic esophagectomy and esophageal substitution using the whole stomach; G3 — total
thoracic esophagectomy and esophageal substitution using fundus rotation gastroplasty. After esophageal resection in G1, the integrity
of the intrathoracic route was evaluated by endoscopy and tested with 1% methylene blue solution. Results: Visceral pleural rupture
was observed in all animals. However, this intrathoracic route made it possible to bring both esophagus substitutes (G2 and G3) to be
anastomosed to the cut end of the cervical esophagus. Conclusions: Thoracic esophageal substitution using the whole stomach
showed less anastomotic tension and was less technically demanding than the fundus rotation gastroplasty method. The ex-vivo
results support further studies to validate the techniques in clinical cases.
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RESUMO

Objetivo: Avaliar, em cadaveres de cées, uma técnica para remogao do esdfago toracico sem toracotomia e dois métodos de substitui¢ao
do esofago toracico. Métodos: Foram utilizados 27 cadaveres de cées. Estes foram aleatoriamente divididos em trés grupos de nove
animais, em que se estudou: G1 — esofagectomia toracica total pelo método de invaginagdo retrégrada; G2 — esofagectomia toracica
total com substitui¢do esofagica pelo estomago inteiro; G3 — esofagectomia toracica total com substituicdo esofagica por um gastrotubo
confeccionado de acordo com a técnica de Biichler de gastroplastia por rotagdo do fundo. Apos a ressecgdo esofagica no grupo 1, a
integridade da rota intratoracica foi avaliada por endoscopia e solugdo de azul de metileno a 1%. Resultados: A ruptura da pleura
visceral ocorreu em todos os animais, especialmente no terco caudal. Entretanto, a rota transtoracica mediastinal permitiu a elevagao
de ambos os substitutos esofagicos (G2 e G3) para a realizacdo da anastomose com a extremidade caudal do esdfago cervical.
Conclusdes: A substitui¢ao por estdmago inteiro apresentou menor tensdo na anastomose, maior facilidade e rapidez comparada a técnica
de gastroplastia por rotagdo do fundo. Os resultados em cadaveres suportam a realizagdo de estudos clinicos para validagdo da técnica.
Descritores: Cirurgia. Esofagectomia. Es6fago. Endoscopia. Caes.

'Research performed at Experimental Laboratory of Department of Veterinary Surgery and Anesthesiology, School of Veterinary Medicine of Botucatu,
State University (UNESP), Sao Paulo, Brazil.

Introduction advantages and disadvantages®. These organs are mobilized to be
anastomosed to the cut end of the cervical esophagus using several

Esophageal diseases have sometimes been considered a  routes.

therapeutic challenge in dogs. If major areas of the esophagus have
been compromised complex surgical procedures to repair, to
remove or to substitute the compromised area are required'>>.
Esophagectomy that consists of a complete or partial
resection of the esophagus is usually used in human medicine®.
Total thoracic esophagectomy is performed, in general, using the
transthoracic route, transhiatal approach without thoracotomy
or by thoracoscopy. The removed esophagus is replaced using
the stomach, colon, or small bowel, and each procedure has
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The ideal esophageal substitute should conform in size
and in function to the original structure especially regarding
peristaltic activity; it should not occupy too much space in the
thorax; and the patient should be able to swallow normally and
experience no reflux symptoms*. Additionally, in pediatric patients
the esophageal substitute should be able to withstand without
deterioration during temporal evolution®.

In dogs, thoracic esophageal replacement by small
intestine or colon is hampered by limited mobility of the vascular



pedicle?. In addition the use of free colon autograft with
microvascular anastomosis has shown unsatisfactory results in
experimental studies®. In this way, substitutes for the esophagus
created from the stomach may be a better alternative.

The use of the whole stomach or gastric tubes as
substitutes for the esophagus are common procedures in human
patients’, but there are few clinical reports of their use in small
animals'. The present study evaluated a technique to remove the
thoracic esophagus without thoracotomy and two methods for
thoracic esophageal replacement in dogs, ex vivo, aiming at the
treatment of diseases associated with this species.

Methods

This study followed the guidelines for the care and use of
laboratory animals and was approved by the Ethics Committee of
our Veterinary School.

Twenty-seven dogs that had died or been euthanatized
due to reasons unrelated to this study were used; 12 males and 15
females, weighing 2-20 kg (median 6 kg), and aged 2 months to 10
years old (median 3 years and 2 months). The time between death
and accomplishment of the experiment did not exceed 24 hours.

Esophagectomy and substitution of the thoracic esophagus in dogs

The dogs were randomly divided into three groups of nine
animals each in order to evaluate: G1 —total thoracic esophagectomy
by the inverting stripping method; G2 — total thoracic
esophagectomy and esophageal substitution using the whole
stomach; G3 — total thoracic esophagectomy and esophageal
substitution using fundus rotation gastroplasty.

Surgical procedures
GROUP 1

Each dog was positioned in dorsal recumbency. The
ventral neck, thorax and abdomen were clipped, prepared, and
draped. A semi-rigid latex was orally placed into the lumen of the
stomach. The surgical procedure consisted of three main steps:

1. The abdomen was opened via midline incision
extending from the xiphoid to the caudal to the umbilicus. The
right gastric branches, right and left gastroepiploic branches were
ligated, but the vascular arcades were preserved. The short gastric
vessels and the left gastric vessels were ligated (Figure 1) and
the liver were retracted to expose the esophageal hiatus. The
gastroesophageal junction area was bluntly isolated.
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FIGURE 1 - Illustration of the gastric vessels and the ligatures of their tributaries: (RG) Right gastric artery. (LG) Left gastric artery.
(SG) Short gastric arteries. (RGE) Right gastroepiploic artery. (LGE) Left gastroepiploic artery
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2. A ventral midline skin incision was made from the
middle third of the neck to the manubrium. To expose the caudal
cervical esophagus, the trachea and right carotid sheath were
retracted to the right.

3. The orogastric tube was pulled out through the
mouth so that two atraumatic clamps could be placed in the
gastroesophageal junction. An incision was made between the
clamps, and the cranial clamp was removed (Figure 2). The tube
was pulled caudally to protrude through the abdominal cavity,

maintaining its proximal tip at the level of thoracic entrance. The
cervical esophagus was transected obliquely about 2cm from the
thoracic entrance (Figure 2). The caudal edge of the esophagus
incision was held to the tube’s proximal tip using four equidistant
simple interrupted sutures (Figure 3). The tube protruding from
the abdominal cavity was pulled gently and caudally, allowing the
esophagus inverting stripping. The esophagus was pulled through
the thorax in the direction of the abdominal cavity (Figure 3). The distal
esophagus remained attached to the diaphragm, and it was occluded.

FIGURE 2 — Points of incision of the esophagus (arrows) (cervical
esophagus and gastroesophageal junction)
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FIGURE 3 — The edge of the esophagus incision was held to the tube’s
proximal tip using four equidistant simple interrupted sutures (arrow A).
The tube protruding from the abdominal cavity was pulled gently and
caudally (arrow B), allowing the esophagus inverting stripping



4. The integrity of the intrathoracic route was evaluated
by videoendoscopy. The endoscopy was advanced to the heart base
level since after this point the visceral pleura could be injured. 1%
methylene blue solution was used to test for leaks. For this, the
operating table was clevated at 15 degrees and a cranial portion of
the sternum was removed for better observation.

GROUP 2

The dogs were positioned and prepared as previously
described for Group 1. The vessels and branches were isolated and
ligated as previously described for Group 1, for mobilization of
the greater and lesser curvature of the stomach. Heineke-Mikulicz
pyloroplasty was performed. The gastroesophageal junction was
divided, and the cut edge of the stomach was closed in two layers
with the first using a continuous suture and the second layer using
a continuous inverting seromuscular suture.

Total thoracic esophagectomy by the inverting stripping
method was performed as in Group 1. However, a second tube was

tube in the thoracic course

FIGURE 4 — Esophagus removal by traction of the main tube and maintenance of the accessory

Esophagectomy and substitution of the thoracic esophagus in dogs

sutured together with the orogastric tube and the edge of the
esophagus, one inside the other (Figure 4). The orogastric tube
was removed during esophagectomy. The most distal part of the
second tube was sutured to the fundus region of the stomach using
four simple interrupted seromuscular sutures.

The stomach was pulled through the thorax in the
direction of the cervical region by pulling the proximal tip of
the second tube (Figure 5). After tube removal, a stomach stoma
was made and anastomosed to the cut end of the cervical
esophagus. Three equidistantly suture stitches were initially
placed. Additional full-thickness simple continuous pattern
sutures were then placed between the stitches until completely
closed.

The mobilized stomach wall was anchored to
diaphragmatic hiatus with two simple interrupted sutures to
prevent subsequent herniation. The celiotomy incision was closed
in a routine manner.

The esophagus and mobilized stomach were evaluated
using videoendoscopy.

R

FIGURE 5 - (a) Accessory tube with one of its extremities in the cervical region and another sutured to
the stomach. (b) Traction of the accessory tube and exteriorization of the stomach in the cervical region
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GROUP 3

The gastric vessel ligatures, piloroplasty,
exposure and cut of the cervical esophagus were
similar to those described in Group 2.

Gastroplasty was performed beginning by
a horizontal cut of the lesser curvature distally to
the gastric stoma. The cut was extended following
the greater curvature toward the fundus-corpus
region 3 cm from the pyloric antrus and redirected
toward the lesser curvature to a point 1-2 cm
distally to the starting point. The gastric tube with
2 to 3 cm in diameter was built by the fundus, and
most of the gastric corpus and antrus formed the
neostomach (Figure 6). The edges of the
neoesophagus and neostomach were double-layer
apposed.

Total thoracic esophagectomy by the
inverting stripping method was performed as
described in Group 2, and the most distal part of
the second tube was sutured externally to the
neoformed gastric tube stoma. The neoformed
gastric tube was pulled through the thorax in
the direction of the cervical region by pulling
the proximal tip of the tube orally. The other
procedures were performed as described in
Group 2.

Correlation between anatomical
proportions and anastomotic tension

Because of the need to compare the
interferences of the anatomical measures in the
result of the surgical techniques in different sized
animals, it was necessary to have the individuals’
made uniform through the calculation of their
anatomical proportions. The anatomical proportions
were calculated for G2 and G3 dogs: between the
distance from the larynx to the pubis and from the
larynx to the xiphoid (proportion I); between the
esophageal substitute length and the distance of
the hiatus to the gastroesophageal anastomosis
(proportion II); between the distance from the
larynx to the xiphoid and the esophageal substitute
length (proportion III); between the distance from
the gastroesophageal anastomosis to the larynx
and the distance from the larynx to the pubis
(proportion IV); between the distance that the
esophageal substitute transcended the cut end of
the cervical esophagus and the distance from the
larynx to the pubis (proportion V).

Statistical analysis

Pearson correlations were used when
comparing Proportion V with the other Proportions.
In order to compare Proportions V of Groups 2
and 3, the Wilcoxon nonparametric test for two
independent samples was used.
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FIGURE 6 - Illustration of the steps for construction of a gastric tube according to
the fundus rotation gastroplasty technique

Results
GROUP 1

Esophagectomy by the inverting stripping method showed to be
easily performed in all animals since the esophagus was released by slight
traction of the tube. According to endoscopic evaluation, small hemorrhage
points were observed in the medial (n=3) and caudal (n=1) thirds of the pleural
cavity. Pleural rupture was verified in three animals. The application of 1%
methylene blue aqueous solution showed pleural rupture in all animals, which
was more frequent in the left caudal portion near the diaphragm (Tablel).
The speed with which the solution filled the thoracic cavity was proportional to
the extension and the number of ruptures.
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TABLE 1 - Evaluation of the channel formed after thoracic esophagectomy by the inverting stripping method
as shown by endoscopic examination and methylene blue solution

Pleural rupture Pleural rupture Third of the Other
Pod (endoscopic (methylene channel affected endoscopic
(number)
visualization) blue) by the rupture findings
1 P P RCr, LCr, LCa
2 A P LCa SP
3 A P LCa
4 P P RM
5 A P LM MHp
6 A P LCa SP/ MHp/ CaHp
7 A P LCa MHp
8 P P LCa, RCa
9 A P LCa

P, present. A, absent. RCr, right cranial. LCr, left cranial. LCa, left caudal. RM, right medial. LM, left
medial. RCa, right caudal. SP, slim pleura in the rupture locality. MHp, medial hemorrhagic point. CaHp,

caudal hemorrhagic point

GROUP 2

In one dog, the length of the short gastric vessels was
reduced, and the spleen was closely connected to the stomach. Seven
dogs showed direct extramural communication between the right
and left gastroepiploic arteries, and in two dogs such communication
was indirect. Removal of the thoracic esophagus by the inverting
stripping method was problematic in one dog showing an anatomic
curve proximally to the cardia, which prevented the tube from
reaching the stomach. Hence, the esophagogastric junction was
sectioned without passing the tube, and the accessory tube was
inversely pulled by endoscopic procedures. The esophageal
substitute reached the anastomotic region in all animals. The edge
of the suspended stomach exceeded the anastomotic region with

an average of 2.62% of the animals’ measure (Table 2).
Proportions II and III interfered with anastomotic tension
(Table 2), and there was no anastomotic tension for Proportion II
greater than 1.05 or Proportion III greater than 0.79. According to
the endoscopic evaluation, the region of the esophagogastric
anastomosis was closed during the first visualization, but it was
easily opened with a touch by a gastroscope in all animals. No
openings, leaks or lacerations were detected in the anastomotic
region. The esophageal channel consisting of the whole stomach
showed to be continuous and without obstructions (Figure 7).
The organ’s lumen was always greater than the esophageal lumen,
with longitudinal folds towards the stomach’s positioning.

TABLE 2 - Means of the anatomical proportionalities of dogs in groups 2 and 3

Proportion Proportion Proportion Proportion Proportion
| n* I v V (%)
G2 1.87 1.15* 0.85* 0.08 +2,62
G3 1.87 1.12* 0.83* 0.08 -0.46a / -7.05 b**

* p<0.05 (statistical comparison between Proportion V and the other Proportions). (a) neostomach inside
the thoracic cavity. (b) neostomach inside the abdominal cavity. **p<0.05 (statistical analysis between
groups 2 and 3); (+) opening of the gastric tube surpasses the esophageal section; (-) opening of the
gastric tube does not reach the esophageal section
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FIGURE 7 — Endoscopic evaluation of the esophagus replacement by the whole stomach:

lumen of the suspended stomach

GROUP 3

In one dog, the left artery and gastric vein were located
very close to the splenic vein and the caudal cava vein, and in
another the left gastric artery was adjacent to the gastric wall, which
required more careful dissection. In three animals, indirect extramural
communication between the right and left gastroepiploic arteries
was observed. In one dog, the rupture of the suture stitches applied
between the esophagus and the tube occurred when the esophagus
was removed, and further fixation was necessary. In all dogs, the
neostomach formed presented an appendix shape. Except for one
case in which gastric tube rupture occurred, the esophageal
substitute reached the distal cervical region of all animals;
however, that only took place when the neostomach was positioned
in the thoracic cavity. Five animals did not show tension in the
anastomotic region. The gastric tube extremity was away from the
anastomotic region with an average of 0.46% and 7.05% of the
animals’ measure when the neostomach was inside the thoracic
and abdominal cavities, respectively (Table 2). There was no
anastomotic tension for Proportion II greater than 1.13 or
Proportion III greater than 0.84 in the measurements taken with
the neostomach in the thoracic cavity. According to endoscopic
evaluation, the esophagogastric anastomotic region was closed
when firstly visualized, but it was later easily opened with a touch
by a gastroscope. No openings, leaks or lacerations were detected
in the anastomotic region. The course of the gastric tube was
continuous and regular, and showed a larger diameter than that of
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the cervical esophagus and a smaller diameter than the gastric
one. The “neostomach” had a larger diameter and, according to
retroflexion visualization, a type of sphincter was observed which
separated it from the gastric tube itself (Figure 8). In five dogs,
lateralization of the pylorus occurred, which made the passage of
the endoscope difficult (n=1) or impossible (n=4).

Discussion

The choice for the esophageal removal technique depends
on a number of factors such as type and location of the primary
lesion, safety and feasibility of the approach, patient condition, and
even the surgeon’s preference®. Esophagectomy by the inverting
stripping method as used in the present experiment was considered
to be a simple and effective procedure to remove the thoracic
esophagus in dogs, minimizing surgical time and the complications
associated with a thoracic approach. It was based on the technique
described by Ferreira®, who developed and successfully tested it
in 10 dogs, and further in human patients'.

Transhiatal resection has the advantages of avoiding
thoracotomy, reduced surgical trauma, and less pulmonary
complications™'". The endoscopy performed after esophagectomy
in the dogs in Group 1 showed few and small areas of bleeding.
During evaluation 48 hours after esophagectomy without
thoracotomy in dogs, inexpressive hematoma, and no injury to
tissue and organs were observed by Ferreira’.
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FIGURE 8 — Fundus rotation gastroplasty: retroflexion image showing the limit between
the gastric tube and the “neostomach”

An important limitation of esophagectomy by the
inverting stripping method is type and extension of the lesion.
In cases of infiltrative tumors for example, a direct vision of
compromised structures is necessary'2. Esophagectomy without
thoracotomy has been used in human patients especially in cases
of megaesophagus®!®'* or corrosive injuries’. Since the mediastinal
pleura is delicate and directly adhered to the adventice, pleural
rupture was observed, by endoscopy and the methylene blue
solution test in all animals in Group 1 after esophagectomy.
Hence, mechanical ventilation during the procedure and a
drainage system postoperative are necessary in cases in vivo.

There are several controversies concerning thoracic
esophageal replacement using the stomach as a tube, semitube or
whole stomach”'%. Besides the factors related to the adequacy of
blood supply, in dogs, the capacity of emptying the esophageal
substitute in a quadrupedal position should be considered.

Various techniques for isoperistaltic or antiperistaltic
gastric tubes have been proposed'>'®171819 In the present
experiment, fundus rotation gastroplasty was used, which,
according to the authors® has advantages in human patients, such
as the increase in the length of the gastric tube, increase in blood
flow at the tip of the gastric tube, and increase in the gastric reservoir
since it requires resection of a small part of the gastric corpus.

The tributaries of the right gastric vessels are maintained
in the fundus rotation gastroplasty used in human patients®.
However, in dogs, some differences were observed. The ligature
of'the left gastric artery and vein was necessary to allow anastomosis

of the esophageal substitute with the cervical esophagus. For the
same reason, the ligature of the branches of right gastric vessels
was caudal rather than that usually used in human patients®. In
addition, in 8 dogs in Group 3, the gastric tube length was
inadequate for tension-free anastomosis, and the neostomach
was positioned inside the thoracic cavity. These differences are
probably associated with the length of the canine thorax.

On the other hand, esophageal substitution using the whole
stomach required less suture procedures. In addition, according to
the correlation between anatomical proportions and anastomotic
tension, the whole stomach technique, contrarily to fundus
rotation gastroplasty, surpassed the anastomotic region, indicating
that the use of whole stomach probably induces less anastomotic
tension. The significant relation between the absence of tension
and Proportion III enables the surgeon to obtain a previous
prognosis of the anastomotic tension by observing the patient’s
measures. The use of the measures of proportionalities allowed the
comparison of animals of different sizes, common in the studied
specie, therefore although their absolute measures are different,
the proportion among their anatomical segments is similar.

The whole stomach occupied more space in the thorax
than did the gastric tube, suggesting that the adjacent organs may
be compressed by alimentary content. However, radiographic studies
in human patients showed that the mobilized stomach acquires a
tubular shape during the course of time, and food is propelled chiefly
by gravity'’. This last observation may be a problem in dogs.
Bemelman and others’ use a tubulized stomach without pyloroplasty
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and not the whole stomach because the gastric remnant must be
small and with a low compliance to prevent delayed gastric
emptying. In the present study, the gastric tube was smaller than
the whole stomach, but gastric tube tension with pylorus deviance
in 5 dogs made the endoscope passage difficult, thus suggesting
that the same may occur to the passage of food content.

According to the results, it was possible to conclude that
total thoracic esophagectomy by the inverting stripping method
was an effective procedure to remove the thoracic esophagus, and
the whole esophageal substitution using the whole stomach or
fundus rotation gastroplasty can be used for thoracic esophageal
replacement. The ex-vivo results support further studies to validate
the techniques in clinical cases of dogs requiring substitution of
the intrathoracic esophagus.
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