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Abstract

Objective: To describe a novel laparoscopic technique to treat sliding hiatal

hernia in dogs.

Study design: Retrospective case series.

Animals: Eight dogs with sliding hiatal hernia treated with laparoscopy.

Methods: Surgery reports were reviewed for technique description and animal

outcomes.

Results: Six dogs were brachycephalic. Dogs were placed in right lateral

oblique recumbency. Four dogs were placed in a reverse Trendelenburg posi-

tion to visualize the esophageal hiatus. A single port was placed 2 cm caudal to

the last rib on the left side. An extra cannula was added in four dogs. A large-

bore orogastric tube was introduced in five dogs and used in four dogs to

reduce the hernia. A unidirectional nonabsorbable barbed suture was used for

the closure of the esophageal hiatus and the esophagopexy. A left-sided

gastropexy was performed for all the cases. The gastropexy was performed with

a gastrostomy tube to bypass the esophagus in four dogs. Intraoperative com-

plications included pneumothorax in three dogs. Conversion was elective in

three cases and emergent in one case. Clinical signs were recorded as improved

in each dog. The median follow-up time was 16.5 days (range, 9-264).

Conclusion: Hiatal hernia repair was performed laparoscopically in this popu-

lation. Repair included a combination of esophageal plication, esophagopexy,

and left-sided gastropexy. Reverse Trendelenburg animal positioning and

orogastric tube placement facilitated the reduction of the hernia.

Clinical significance: Laparoscopy is an option for the treatment of sliding

hiatal hernia in dogs.

1 | INTRODUCTION

Hiatal hernia is a cause of gastroesophageal reflux in
dogs and cats.1-6 It can be congenital, but most hiatal her-
nias are acquired and are related to upper airway obstruc-
tion.3,7-10 Hiatal hernias are usually sliding hernias in
dogs, with the lower esophageal sphincter moving in and

out of the thoracic cavity exposing the distal esophagus to
negative pressure.1-6 Paraesophageal hernia with a
megaesophagus has been reported in dogs.11,12

Medical treatment and correction of any underlying
conditions are usually attempted first to prevent gastro-
esophageal reflux.13 In a study in 51 brachycephalic dogs,
the upper airway disease treatment resulted in the
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improvement of the gastrointestinal signs in 91.4% of the
cases.13 However, in that study, medical treatment for
esophagitis and gastritis was instituted at the time of sur-
gery, so it is not clear how the surgical treatment of the
upper airway obstruction influenced the outcome of the
esophagitis. When the refluxes are not well controlled with
medical treatment, surgical corrections of the sliding hiatal
hernia have been recommended.1 In contrast, Mayhew
et al5 reported a significant improvement of the hiatal her-
nia severity score after surgery without previous treatment
of the upper airway obstruction in brachycephalic dogs.
The goal of the surgical treatment in dogs is to bring the
lower esophageal sphincter back into the abdominal cavity.
The surgical treatment consists of plication of the esopha-
geal hiatus, esophagopexy, and left-sided gastropexy with
or without a gastrostomy tube.1,5,11,14 Those procedures are
routinely performed with a midline laparotomy.

In man, gastroesophageal reflux and hiatal hernia are
currently treated with laparoscopy.15,16 Nissen fundoplication
is commonly added to the plication of the esophageal hiatus
and the pexy in human patients. The goal of the
fundoplication is to reinforce the lower esophageal sphincter.
Compared with an open approach, laparoscopic treatment of
gastroesophageal reflux is associated with a shorter surgical
time and reduced morbidity.15 The long-term outcome seems
similar between laparoscopy and laparotomy, which makes
laparoscopy a viable option for treating hiatal hernia and gas-
troesophageal reflux.16 Laparoscopy has not been reported in
the veterinary surgery literature for the treatment of hiatal
hernias. Just as it does in man, laparoscopy should provide a
less invasive approach to the treatment of sliding hiatal her-
nia without affecting the outcome. However, the technique
must be described and established before it can be evaluated
and compared with a laparotomy approach.

The objective of this study was to report our initial
experience with laparoscopic technique to treat sliding
hiatal hernia in dogs.

2 | MATERIALS AND METHODS

2.1 | Study design

Medical records from the Veterinary Teaching Hospital
at Colorado State University were reviewed to identify
hiatal hernia cases that were treated with laparoscopy.
Signalment, clinical signs, and medical history were
retrieved from the medical record. Operative reports were
reviewed to collect information on the surgical technique.
Intraoperative and postoperative complications were
recorded. Conversion to laparotomy was recorded and
reported as emergent or elective. Conversions deemed
required by the surgeon to complete the correction of the
sliding hiatal hernia were consider elective. Conversions
required for a life-threatening event that could not be
controlled without a laparotomy were considered
emergent.

2.2 | Surgical technique

Dogs were placed in right lateral recumbency
(Figure 1). A single-port access (SILS port; Medtronic,
Minneapolis, Minnesota) was placed first, 2 cm caudal
to the last rib in the middle of the distance between the
dorsal spinal process and the midline (Figure 1). The
abdominal cavity was insufflated with CO2 at a pressure
of 12 mm Hg.

FIGURE 1 One dog placed

on right lateral oblique

recumbency with the left hind

leg pulled back. The dog is in

reverse Trendelenburg position.

The curved black line illustrates

where the last rib is located. The

single-port access (A) was

introduced 2 cm caudal to the

last rib and additional cannulas

(B and C) were placed on the

left or the right side of the

single-port access
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A 5-mm 0� telescope placed in one of the cannulas of
the single-port access system was used during the proce-
dure. After visualization of the esophageal hiatus, a
5-mm fine-teeth grasping forceps (Babcock forceps; Karl
Storz, Goleta, California) was used to grab the triangular
ligament of the left lateral liver lobe (Figure 2). A 5-mm
vessel sealant device (Maryland; Medtronic) was used to
divide the triangular ligament. Caudal traction was
placed on the stomach's fundus to bring the lower

esophageal sphincter into the abdominal cavity with the
5-mm fine-teeth grasping forceps (Figure 3). A large-bore
orogastric tube was placed to deflate the stomach, and it
was maintained during the entire procedure to provide a
guideline for the plication of the esophageal hiatus. The
ventral part of the esophagophrenic ligament was dis-
sected from the esophagus.

The esophageal hiatus was plicated with intracor-
poreal suturing. A continuous Lembert suture pattern
with 3-0 nonabsorbable unidirectional barbed suture
(VLOC PBT; Medtronic) was applied with 5-mm laparo-
scopic needle holders (Karl Storz; Figure 4). The simple
continuous suture was started at the most ventral aspect
of the esophageal hiatus. The continuous suture was
extended on the right side of the esophagus to complete
the esophagopexy. A left incisional laparoscopy-assisted
gastropexy was completed at the site of the single
port.17,18

3 | RESULTS

Four English bulldogs, one French bulldog, one pug, one
Weimaraner, and one German shorthair pointer were
included in the study. The median age at the time of sur-
gery was 29 months (range, 6-151). Five dogs were cas-
trated male, and three were spayed females. The median
body weight was 16.5 kg (range, 6.6-38.4).

All dogs were presented for a history of vomiting and
gastroesophageal reflux. Five dogs had a history of aspi-
ration pneumonia that was resolved at the time of the
presentation. Three dogs were treated with a

FIGURE 2 The 5-mm fine-

teeth grasping forceps is holding

the ventral part of the

esophageal hiatus at the

triangular ligament of the left

lateral liver lobe. The triangular

ligament has already been

transected (arrows). The

esophageal hiatus can be seen

FIGURE 3 The lower esophageal sphincter (white arrow) is

now back in the abdominal cavity after pulling on the fundus of the

stomach with 5 mm fine teeth grasping forceps. The black arrow is

pointing at the triangular ligament that has been transected. The

forceps in the picture are only retracting the left lateral liver lobe to

improve the exposure of the esophageal hiatus
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combination of metoclopramide, cisapride, sucralfate,
famotidine, or omeprazole. Four dogs had a sta-
phylectomy and nares wedge resection 2 months before
the correction of the hiatal hernia. Two dogs had a sta-
phylectomy and nares wedge resection at the time of the
hiatal hernia correction.

None of the dogs had signs of aspiration pneumonia
according to thoracic radiographs, and one dog had a
megaesophagus. Hiatal hernia was diagnosed according
to plain radiographs in three dogs. An esophagram under
fluoroscopy was performed in three dogs with liquid and
solid phases. Flexible endoscopy of the esophagus and
the stomach was performed in two dogs to establish the
diagnosis of hiatal hernia.

3.1 | Surgical technique

The first dog was placed in right lateral recumbency. All
other dogs were placed in right lateral oblique (20� to
30�) position. Reverse Trendelenburg position was used
in the final four dogs to improve visualization with
retraction of the spleen by gravity (Figure 1). In two dogs,
a 5-mm cannula was added on the left side of the single-
port access. Two 5-mm cannulas were added in two dogs,
one on each side of the single-port access system
(Figure 1).

A 15-mm diameter orogastric tube was used in all
dogs, and it was used in four dogs to deflate the stomach
to improve the reduction of the hernia. The orogastric
tube was rigid enough to apply pressure along the greater

curvature of the fundus and the body of the stomach to
push the stomach distally in the abdominal cavity to
expose the lower part of the esophagus in the abdominal
cavity. The ventral part of the esophagophrenic ligament
was dissected from the esophagus in only two dogs
because it resulted in a pneumothorax that required
placement of a 16F percutaneous thoracostomy tube
(Argyle trocar catheter; Medtronic) in one of these
two dogs.

The esophagopexy was completed on the right side of
the esophagus in four dogs. An esophagopexy was also
performed on the left side of esophagus with a second
continuous suture pattern in two dogs (Figure 5). A left
incisional gastropexy was completed with laparoscopic
assistance at the single-port site after removal in four
dogs or with a gastrostomy tube in four dogs.

3.2 | Intraoperative complications and
conversion

A pneumothorax developed in three dogs during the surgery.
A thoracostomy tube was placed percutaneously to pursue
the procedure safely. The pneumothorax was evident
because the diaphragm became flaccid. One pneumothorax
was related to the dissection of the esophagophrenic liga-
ment. Continuous suction was applied to the thoracostomy
tube to maintain negative pressure in the pleural space dur-
ing the remainder of the procedure. The two other cases
were related to the needle hole during suture placement.
The intra-abdominal pressure was reduced to 8 mm Hg, and

FIGURE 4 The esophageal hiatus

has been reduced in diameter with a

simple continuous suture with a 3-0

nonabsorbable unidirectional barbed

suture
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the thoracostomy tubes were used as required to maintain
negative pressure in the pleural space.

One dog developed cardiac arrest after completion of
the suturing of the esophageal hiatus and the
esophagopexy. This dog did not develop a pneumothorax.
An emergency conversion was elected to perform open
cardiac massage. The dog recovered quickly, with stable
hemodynamic parameters.

In three dogs, the laparoscopy was electively
converted to a laparotomy. The visualization of the
esophageal hiatus was difficult in one dog. The dog was
in right lateral recumbency, and the left lateral and
medial liver lobes were challenging to retract. In two
dogs, a segment of the papillary process of the caudate
liver lobe was wedged in the hernia (Figure 6). The
reduction of the liver lobes was not possible because the
liver parenchyma was tearing with traction. It was
reduced with a laparotomy after an extension of the
esophageal hiatus and dissection of adhesions.

The median surgical time for the four dogs that were
not converted was 77.5 minutes (range, 60-120). The
median time until discharge was 2 days (range, 1-4) after
surgery for dogs that did not require conversion and
2 days (range, 2-3) after surgery for dogs that required a
conversion. All dogs were discharged with ondansetron,
cisapride or metoclopramide, and sucralfate for 10 days.
According to the owners, all dogs had improved clinical
signs at the median time of follow-up 16.5 days (range,
9-264) after surgery. An esophagram was repeated in one
dog 2 weeks after surgery because the owner reported
some nausea. The repair of the hiatal hernia was intact,

but a megaesophagus was still present. After a modifica-
tion of the diet, the nausea was not observed by the
owner.

4 | DISCUSSION

Sliding hiatal hernias were treated in dogs with laparos-
copy. A plication of the esophageal hiatus, an
esophagopexy, and a left-sided assisted gastropexy were
possible with laparoscopy and intracorporeal suturing.
Half of the cases were converted to a laparotomy mostly
because of anatomical difficulties that prevented the lapa-
roscopic reduction of the hernia. When a segment of a
liver lobe was wedged in the hernia, it was challenging to
reduce the hernia content.

Most of our cases involved brachycephalic dogs, simi-
larly to cases reported in previous studies.1-6,11,19 Two
large breed dogs were presented for chronic gastroesoph-
ageal refluxes that were not responding to medical treat-
ment. Dogs in our study were 29 months of age, which is
older than the age reported in most of the studies.1-6,11,19

The two large breed dogs in our study were 151 and
125 months of age at the time of surgery, explaining the
difference with our small sample. Correction of the upper
airway was not always attempted first in the brachyce-
phalic breeds, following Mayhew et al.5

Fifty percent of the cases were converted to an open
laparotomy. In two cases, the elective conversion was
performed without attempting to treat the hernia with
laparoscopy because a liver lobe was entrapped in the
hernia. In a study in 400 patients with gastroesophageal
reflux treated with laparoscopy,20 the conversion rate was
between 2% and 14%, depending on the surgeon's level of

FIGURE 6 A segment of the papillary process of the caudate

liver lobe was entrapped in the hiatal hernia. The reduction was

not possible with laparoscopy

FIGURE 5 View of the esophageal hiatus from the left side of

the hiatus. The size of the esophageal hiatus has been decreased

with a simple continuous suture (white arrows). An esophagopexy,

including the edge of the cardia, was performed with a second line

of suture (black arrows)
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experience. The most common reason for conversion was
bleeding of the short gastric vessels that must be dis-
sected for the Nissen fundoplication. A Nissen
fundoplication is used in human patients to reinforce the
lower esophageal sphincter, making it difficult to com-
pare with the technique used in this study. In our study,
three conversions were elective. Difficult visualization of
the esophageal hiatus as a cause of elective conversion
was eliminated by using the reverse Trendelenburg posi-
tion. One conversion was emergent because of cardiac
arrest after completion of the plication of the esophageal
hiatus and esophagopexy. The cause of cardiac arrest was
not identified.

Positioning in right lateral oblique recumbency
allowed visualization of the esophageal hiatus. An elec-
tive conversion was required in the first dog most likely
because it had not been placed in an oblique position,
making it difficult to retract the left lateral liver lobe out
of the surgical field. An additional cannula was not
placed in this dog to help the retraction of the liver. The
reverse Trendelenburg position further helped visualize
the esophageal hiatus, mostly by moving the spleen out
of the surgical field. A reverse Trendelenburg position is
used in human surgery to help visualize the esophageal
hiatus.16 Deflation of the stomach with a large-bore
orogastric tube was also helpful to visualize the lower
esophageal hiatus, and it facilitates the esophagopexy.
The insufflation pressure at 12 mm Hg allowed visualiza-
tion of the indentation of the esophageal hiatus in the
pleural space and made the edges of the hiatus easily
identifiable. However, a pressure higher than 8 to 10 mm
Hg might increase tension during the closure of the
esophageal hiatus.16 Therefore, a pressure of 12 mm Hg
can be used at the beginning of the procedure to confirm
the hiatal hernia and then reduced to 8 to 10 mm Hg to
complete the plication of the hiatus.

A single-port approach was used for each case in
this study. One or two additional cannulas were added
to facilitate the procedure. A multiple-port approach
could have been used to help reduce the herniation and
perform the intracorporeal suturing. Because a left-
sided gastropexy is recommended for the treatment of
sliding hiatal hernias,5,14 the approach for the single-
port placement was used at the end of the surgery to
complete a laparoscopy-assisted left-sided gastropexy.
Placement of supplemental cannulas was required in
four cases to facilitate the procedure, especially the
intracorporeal suturing. The additional cannula was
also required to apply traction on the fundus of the
stomach during the plication of the hiatus and the
esophagopexy. Placement of a large-bore orogastric tube
facilitates retraction of the stomach by pushing the
stomach in a distal direction. It may eliminate the

requirement for a grasping forceps for traction on the
fundus to reduce the hernia. A latex drain is placed
around the lower esophageal sphincter in human
patients to allow traction on the stomach.16 This tech-
nique requires a complete dissection around the distal
esophagus, which might increase the risk of iatrogenic
trauma to the vagus nerve or short gastric vessels.

The hernia sac is dissected and excised in human sur-
gery.16 Dissection of the esophagophrenic ligament
resulted in a tension pneumothorax that was controlled
with a thoracostomy tube in one case. In human patients,
the hernia sac and the pleura are not in close contact;
therefore, the dissection of the hernia sac and esopha-
gophrenic ligament does not seem to result in a
pneumothorax.16,21 If a pneumothorax develops, it is rec-
ommended to reduce the pressure of insufflation and
place a thoracostomy tube during the rest of the proce-
dure.16,21 The hernia sac did not seem to interfere with
the closure of the esophageal hiatus or the esophagopexy
in our cases. Therefore, it is the authors' preference not to
incise the esophagophrenic membrane.

The plication of the hiatus is challenging because of
the ergonomics related to the orientation of the incision
and the range of motion of the needle holder during lapa-
roscopy. Because the diaphragm is underneath the last
three or four ribs and is in a vertical position, suturing is
performed at an unfavorable angle.22 Each suture was
placed full thickness in the diaphragm to prevent the
tearing of the diaphragm. Therefore, the suture holes
allowed the induction of an iatrogenic pneumothorax in
two dogs. Use of an endoscopic suturing device should
palliate this problem. Endoscopic suturing devices have
been shown to facilitate suturing in challenging situa-
tions and allow a more precise suture placement.22,23

Plication of the hiatus was performed with unidirectional
barbed suture and needle holders. This suture material
seems to facilitate the procedure because the barbs are
getting anchored in the hiatus to maintain apposition
during suturing. Therefore, maintaining constant tension
during suturing is not required. The esophageal hiatus
has been plicated with either simple continuous
sutures or simple interrupted sutures with an open
approach.1,5,11,14 Simple interrupted sutures could be
placed with laparoscopy but would probably increase the
surgical time. Nonabsorbable sutures were used as com-
monly described for the plication of the esophageal hia-
tus.1,5,11,14 In man, it has been recommended to reinforce
the plication of the esophageal hiatus with mesh to pre-
vent tearing of the crural closure.16

It is important not to induce an esophageal stricture
during the plication of the esophageal hiatus. During
open surgery, the diameter of the hiatus can be appreci-
ated by palpation or by placing a large-bore orogastric
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tube.1,5,11,14 During laparoscopy, we used a large-bore
orogastric tube to help gauge the diameter of the closure
of the hiatus without creating a stricture around the dis-
tal esophagus. None of the dogs developed any clinical
signs of stricture. An esophagram was performed in one
dog that had persistence of nausea after surgery but did
not reveal any signs of compression of the lower esopha-
gus. The rate of postoperative stricture requiring a bal-
loon dilation varies between 0% and 18%, depending on
the surgeon's experience level.20 Stricture can develop in
the immediate postoperative period or up to 10 months
after surgery. The stricture can result from the Nissen
fundoplication commonly used in man with hiatal hernia
and gastroesophageal reflux, which was not used in
this case.

The esophagopexy required a good exposure of the
distal esophagus. It requires retraction of the stomach
either with a grasping forceps or a large-bore orogastric
tube. The esophagopexy was performed with unidirec-
tional barbed suture and needle holders. The presence of
the large-bore orogastric tube gave some support to the
esophagus during suturing.

All dogs were discharged from the hospital with the
same medical treatment that has been reported in the lit-
erature.1,5 The goal of medical treatment after surgery is
to treat the esophagitis commonly associated with hiatal
hernia. Esophagram or endoscopy was not repeated in
each dog after surgery to document anatomical resolution
of the hiatal hernia. However, the owners reported a sig-
nificant improvement in the clinical signs after surgery
and discontinued medical treatment. Only one dog had
an esophagram repeated 1 month after surgery because
of the persistence of regurgitation. It revealed a
megaesophagus, and the hiatal hernia was reduced. The
dog was then placed on a different diet that helps to
resolve the clinical signs.

This was a retrospective study and had some limita-
tions. There was no control group treated with a laparot-
omy to compare complication rates, surgical time, and
outcome. This report describes a laparoscopic technique
and conversion rate. The learning curve could not be
evaluated in this study because the technique has not yet
been established. All dogs went home with a medical
treatment targeting reflux esophagitis, vomiting, and gas-
tritis. The improvement of the clinical signs could have
been related to the medical treatment. However, most of
those dogs were already receiving some medical treat-
ment components before surgery and still had some clini-
cal signs related to a sliding hiatal hernia. Some of our
cases were treated for upper airway obstruction at the
same time as the laparoscopic correction of the sliding
hiatal hernia. Therefore, the improvement could also
have been related to the correction of the upper airway.

However, the trend seems to recommend surgical treat-
ment of the sliding hiatal hernia before the upper airway
obstruction is treated, even in brachycephalic dogs.5

Laparoscopy can be used to treat sliding hiatal hernia
in dogs. Repair included a combination of esophageal pli-
cation, esophagopexy, and left sided gastropexy. Placing
animals in reverse Trendelenburg position and orogastric
tube placement facilitated the reduction of the hernia.
The conversion rate was elevated. All dogs survived the
procedure and were discharged a median of 48 hours
after surgery. Improvements in clinical signs were noted
in all dogs in this case series.
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