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Abstract

Objective: To determine the influence of manipulations aimed at increasing the
transdiaphragmatic pressure gradient on the gastro-esophageal junction (GEJ) of dogs
with brachycephalic airway obstructive syndrome (BAOS), and to identify the
manipulation that most improves the detection of GEJ abnormalities and sliding hia-
tal hernia (SHH) in dogs with BAOS.

Study design: In vivo experimental pilot study and prospective clinical study.

Animals: Five purpose-bred Beagles and 20 dogs diagnosed with BAOS.

Methods: Respiratory and digestive clinical signs as well as respiratory and GEJ
abnormalities were scored. The presence of SHH was investigated using radiography
and endoscopy in standard conditions. Endoscopic investigation was repeated after
manipulations including manual pressure on the cranial abdomen (MP), Trendelen-
burg position (308), or temporary complete endotracheal tube obstruction (ETO).

Results: No SHHwas detected in any normal dog under any condition. Sixty-five percent
of dogs with BAOS presented with digestive clinical signs, including vomiting and/or
regurgitation. SHHwas observed in only one dog via radiography andwas not detected via
endoscopy. Manipulations during endoscopy influenced GEJ abnormalities and allowed
the detection of SHH in 2 (308), 4 (ETO), and 5 (MP) dogs, respectively. Digestive clinical
signs correlated with GEJ abnormalities observed only in dogswith ETO (P5 .02).

Conclusion: Manipulations aimed at increasing the transdiaphragmatic pressure gra-
dient during endoscopy in BAOS dogs allowed the detection of GEJ abnormalities
and SHH that were not detected under standard conditions. Although MP allowed
detection of SHH in more dogs than ETO, scores under MP did not correlate with
digestive clinical signs. Therefore, ETO may be more accurate manipulation for the
detection of GEJ abnormalities in BAOS dogs.

1 | INTRODUCTION

Sliding hiatal hernia (SHH), also known as axial or type I
hiatal hernia, is a dynamic and intermittent cranial displace-
ment of the gastro-esophageal junction (GEJ) into the
thoracic cavity through the esophageal hiatus. Compared to
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other forms of hiatal hernias, SHH is by far the most frequently
observed in dogs1-5 and has been described in French Bulldogs
with brachycephalic airway obstructive syndrome (BAOS).6

SHH has been also occasionally observed in association with
conditions such as chronic diaphragmatic hernia,7,8 tetanus,9 or
laryngeal paralysis.10 Several theories have been proposed to
explain the etiology of SHH. An increase in transdiaphragmatic
pressure gradient (ie, the difference between intra-abdominal
and intrathoracic pressures) could induce an axial separation of
the lower esophageal sphincter from extrinsic factors, such as
the diaphragmatic crural muscle, thereby weakening the GEJ
barrier pressure and allowing gastro-esophageal reflux.7,11-16

Subsequent esophagitis may further decrease lower esophageal
sphincter pressures, aggravating reflux and resulting in a self-
perpetuating cycle.17-19 A second theory is that a shortening of
the esophagus caused by a vagal stimulation pulls the GEJ
through the esophageal hiatus. This shortening could be physi-
ological during swallowing.20,21 Finally, SHH could result
from a congenital or acquired abnormally wide hiatus.14

Clinical evaluation of BAOS patients should include at least
neck and thoracic radiographs, as well as endoscopic examina-
tion of the upper airways.16 However, no gold standard exists
for the investigation of the upper gastrointestinal tract. The diag-
nosis of SHH in human patients is established based on thoracic
and contrast radiographs, fluoroscopy, endoscopy, and manome-
try.22 In veterinary medicine, the prevalence of canine SHH with
BAOS has only been investigated using standard endoscopy.
While upper digestive clinical signs were observed in 74% and
93% of those dogs, SHH was reported in only 4.1% and 3.3% of
those dogs, respectively.6,23 The absence of upper respiratory
obstruction and inspiratory efforts during standard endoscopic
procedures could explain the low prevalence of SHH observed
in these studies. Compressing the abdomen during radiography
in patients with suspected SHH has been proposed to force part
of the stomach into the thorax and increase the likelihood of
diagnostic images.24 To the authors’ knowledge, no prospective
study has determined the influence of an increased transdiaph-
ragmatic pressure gradient on the GEJ, including the occurrence
of SHH, in dogs with BAOS.

The aims of the study were to identify manipulations that
would best improve the detection of GEJ abnormalities and
SHH in dogs with BAOS. We hypothesized that artificially
increasing the pressure gradient between the abdominal and
thoracic cavities during diagnostic procedures, by either
increasing intra-abdominal pressure or decreasing intratho-
racic pressure, could improve the detection of GEJ abnormal-
ities and SHH in dogs with BAOS.

2 | MATERIALS AND METHODS

The study protocol was approved by the Ethical Commission
of Animal use of the institution (number 1425). Five healthy

purpose-bred Beagles were included in a pilot study to evalu-
ate the safety and feasibility of the protocol. All examina-
tions on BAOS dogs were performed with informed owner’s
consent.

2.1 | Study population and standard
diagnostic procedures

Dogs presented for respiratory clinical signs compatible with
BAOS, with or without digestive clinical signs, and without
concurrent diseases were prospectively recruited between
June and October 2014. Breed, age, sex, body weight, body
condition score, and history were recorded. A complete phys-
ical examination was performed. Three view thoracic radio-
graphs (ventro-dorsal, right, and left lateral) (Digivex FP
Medex 15 kW; 833539G015, Medex Digivex, Loncin, Bel-
gium) were obtained under mild sedation using medetomidine
(5-20 mg/kg IV) and/or butorphanol (0.1-0.2 mg/kg IV).
Images were reviewed by one board certified radiologist to
investigate the presence of tracheal hypoplasia, aspiration
bronchopneumonia, and SHH. Routine endoscopic investiga-
tion (Fujinon gastroscope, 5.2 mm, 100 cm; EG-470N5, Fuji-
non, Saitama City, Japan) of the upper respiratory tract and of
the upper gastrointestinal tract, including the GEJ, was ini-
tially performed in left lateral recumbency under general
anesthesia. Medetomidine (5-20 mg/kg IV) and/or butorpha-
nol (0.1-0.2 mg/kg IV) were used for premedication, followed
by propofol (1-5 mg/kg IV) for induction and isoflurane
(1.5%-2% end-tidal measurement) in 100% oxygen for main-
tenance. In order to investigate the repeatability of the scoring
system, all endoscopic videos were reviewed blindly by 3
veterinarians (1 board certified internist, 1 surgery resident,
and 1 intern) and assessed twice by each reviewer.

2.2 | Manipulations aimed at increasing the
transdiaphragmatic pressure gradient

Manipulations were performed only during esophagoscopy to
avoid excessive stress or prolonged anesthesia during radio-
graphs. To assess the effect of an increased intra-abdominal
pressure on the GEJ, endoscopic evaluation was repeated dur-
ing manual pressure on the cranial abdomen with the fist
(MP) (Figure 1) as previously described,24 and during body
angulation at 308 Trendelenburg position in left lateral recum-
bency (308) (Figure 2). To assess the effect of a decreased
intra-thoracic pressure on the GEJ, the endotracheal tube
obstruction (ETO) was completely obstructed during 3 sponta-
neous inspirations or a maximum of 30 seconds, in order to
reproduce deep inspiratory efforts during episodes of upper air-
ways obstruction (Figure 3). Manipulations were performed
after the standard evaluation in a random order drawn between
the 6 different possibilities (308-MP-ETO; 308-ETO-MP;
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ETO-MP-308; ETO-308-MP; MP-ETO-308; MP-308-ETO),
ensuring that each order was used at the same frequency (3-4
times each). A board certified anesthetist monitored each dog
closely (heart and respiratory rates, oxygen saturation, capnog-
raphy, and blood pressure) during endoscopy.

2.3 | Scoring

Respiratory and digestive clinical scores (each ranging from 0
to 4) (Tables 1 and 2), as well as a respiratory abnormalities
score (ranging from 0 to 9) and a GEJ abnormalities score
(ranging from 0 to 7) (Table 3) were assigned. The clinical grad-
ing systems were adapted from Poncet and collaborators6 and
were based on history of clinical signs. The respiratory clinical
score was based on the frequency of snoring, inspiratory efforts,
exercise intolerance, and cyanosis or syncope. On the basis of
the frequency of each respiratory sign, a global classification of
5 grades was obtained: absent (grade 0), minimal (grade 1),
moderate (grade 2), severe (grade 3), or extremely severe (grade
4) (Table 1). The respiratory clinical score is determined by the
highest grade. Since differentiation between regurgitation and

vomiting can be difficult for owners, the digestive clinical score
was based on the frequency of both regurgitations and/or vom-
iting, and a global classification of 5 grades was obtained: from
absent (grade 0) to frequent (grade 4) (Table 2). The respiratory
abnormalities score was adapted from Bernaerts and collabora-
tors25 and was based on clinical examination (stenotic nares),
radiographic (tracheal hypoplasia), and endoscopic findings
(soft palate elongation and laryngeal collapse) (Table 3). We
established a scoring system for the GEJ abnormalities based
on endoscopic findings (cardia opening, gastro-esophageal
reflux, and GEJ sliding) (Table 3). GEJ sliding was defined as
the evaluation of the cranial displacement of the GEJ into the
thoracic cavity (Figure 4); the presence of bulging and eversion
of the gastric mucosa for more than 2 cm cranial to the esopha-
geal hiatus was considered as SHH (Figure 5). The 2 cm were
measured with an intraesophageal sizing catheter (Infiniti Med-
ical, London, UK). The GEJ abnormalities score was obtained
in standard conditions as well as during MP, 308, and ETO.
For each manipulation, the final GEJ abnormalities score was
determined as the mean of the 6 scores established by 3 inde-
pendent readers on 2 separate occasions.

2.4 | Statistical analysis

Statistical analysis was performed with R program (Version
3.1.3). Univariate analysis (Shapiro-Wilk normality tests) was
used to assess normal distribution of the various dependent var-
iables. To analyze the influence of certain factors, such as the
manipulations, and of covariables on the endoscopic scores, a
generalized linear model with a distribution of residues follow-
ing a law of Poisson was used to answer the nonnormality of
the observed clinical scores. We also used non parametric
ANOVA based on the data rank, especially to test the repeat-
ability of the data between readings and readers of the endos-
copies. For all analysis, a threshold of 5% meaning (P< .05)
was considered statistically significant. Kendall correlation
tests were performed between each pair of scoring parameters.

FIGURE 1 Manual pressure is applied with the first to the cranial
abdomen (MP) in a French Bulldog during esophageal endoscopy

FIGURE 2 Body angulation at 308 Trendelenburg position in left
lateral recumbency (308) in a French Bulldog during esophageal
endoscopy

FIGURE 3 Temporary complete endotracheal tube obstruction in a
French Bulldog during esophageal endoscopy
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3 | RESULTS

3.1 | Pilot study

Five healthy adult purpose-bred Beagles, 4 females and 1
male, with a mean age of 27 months, a mean body weight of
12.5 kg (range, 11.0-13.2), and a median body condition
score of 5/9 (range, 4-5) were used for the pilot study. The
digestive clinical scores, respiratory clinical scores, and
respiratory abnormalities scores were 0 for all Beagles. Nei-
ther standard radiographs, nor any manipulation during
endoscopy were consistent with SHH. The median GEJ
abnormalities score (from 0 to 7) was 0 (standard), 0 (308), 0
(ETO), and 1 (MP), respectively. Only MP induced opening
of the cardia in 2 Beagles. Eversion of the gastric mucosa
and gastro-esophageal reflux were never observed. All dogs
recovered from anesthesia without complication.

3.2 | Study population

Twenty dogs with BAOS met the inclusion criteria. There
were 15 males and 5 females, 6 French Bulldogs, 6 English
Bulldogs, 3 Pugs, 2 Cavalier King Charles Spaniel, and 1 of
Bullmastiff, Maltese Bichon, and Shih Tzu. Mean age at pre-
sentation was 34 months (range, 6-98). A mean body weight
of 15.2 kg (range, 5.7-40.5) and a median body condition
score of 6/9 (range, 2-8) were observed. All dogs presented
with respiratory signs, with a median respiratory clinical
score of 2.0 (range, 1-4, Table 4). Only 65% of the dogs pre-
sented with digestive clinical signs, with a median digestive
clinical score of 2.0 (range, 0-4). The median respiratory
abnormalities score was 5.0 (range, 3-9). Tracheal hypoplasia

was noted on radiographs of 5 dogs, without aspiration
bronchopneumonia. SHH was detected on radiographs in
one dog. The median GEJ abnormalities score was 2.0
(Standard), 2.0 (308), 2.0 (ETO), and 3.0 (MP). SHH was
observed in 0 (Standard), 2 (308), 4 (ETO), and 5 (MP) dogs,
respectively. The GEJ abnormalities observed during endos-
copy are summarized in Table 5. Compared to standard con-
ditions, the mean GEJ abnormalities score (Table 6)
increased during the 3 manipulations but the median did not
differ (P> .05). There was no difference (P< .05) in GEJ
abnormalities score and detection of SHH (during standard
conditions and the 3 manipulations) between the 2 readings
and the 3 readers (Table 7).

3.3 | Correlations between scores

Correlations were detected between the 2 clinical scores
(respiratory and digestive) (z5 2.77; P5 .003; tau5 0.54),
the 2 respiratory scores (clinical and abnormalities)
(z5 3.94; P5 .00004; tau5 0.76), and between digestive
clinical score and respiratory abnormalities score (z5 3.80;
P5 .00007; tau5 0.71). The GEJ abnormalities scores corre-
lated with the digestive clinical scores (z5 2.00; P5 .02;
tau5 0.36) and with the respiratory abnormalities scores
(z5 1.90; P5 .03; tau5 0.33) during ETO only (Figure 6).

3.4 | Morbidity and recovery

Manipulations did not increase the morbidity of the endo-
scopic examinations. Heart and respiratory rates, oxygen sat-
uration, and blood pressure remained stable throughout all

TABLE 1 Respiratory clinical score grading systema

Respiratory clinical signs Absent

Occasionally

(�1/mo)

Regularly

(�1/wk)

Daily

(�1/d)

Often

(>1/d)

Snoring 0 0 0 1 2

Inspiratory efforts 0 1 2 3 4

Exercise intolerance 0 1 2 3 4

Cyanosis/syncope 0 3 4 4 4

aThe respiratory clinical score was based on the frequency of the different clinical signs. The highest grade determines the score (ranging from 0 to 4) (adapted
from Poncet et al, 2005).

TABLE 2 Digestive clinical score grading systema

Digestive clinical signs Absent
Occasionally
(�1/mo)

Regularly
(�1/wk)

Daily
(�1/d)

Often
(>1/d)

Regurgitation or vomiting 0 1 2 3 4

aThe digestive clinical score was based on the frequency of vomiting or regurgitation (ranging from 0 to 4) (adapted from Poncet et al, 2005).
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manipulations. All dogs recovered from anesthesia without
complication.

4 | DISCUSSION

This is the first prospective study evaluating the effects of
transdiaphragmatic pressure gradients on the GEJ during

endoscopy of dogs with BAOS. Although 65% of dogs pre-
sented with digestive clinical signs, only one SHH was diag-
nosed with standard radiography and none with standard
endoscopy. Increasing the transdiaphragmatic pressure gradi-
ent by manipulations during endoscopy allowed the detection
of additional abnormalities of the GEJ compared to standard
conditions. This study supports our hypothesis that an
increase in transdiaphragmatic pressure gradient impacts the
GEJ and that GEJ abnormalities, including SHH, are under-
diagnosed using standard diagnostic procedures in dogs with
BAOS. According to the results of the present study, ETO
allows the detection of GEJ abnormalities that could be asso-
ciated with digestive clinical signs.

Thoracic radiography allowed detection of SHH in only
one dog with BAOS, and therefore appeared unreliable as a
diagnostic tool for this condition. A radiograph provides a
static image, and may not be adequate to detect dynamic
abnormalities. Furthermore, a study on adult human popula-
tion of North America reported a prevalence of type I hiatal

TABLE 3 Respiratory abnormalities score and GEJ abnormalities
score grading systemsa

Respiratory abnormalities score (0-9)

Nares

05 normal
15 stenotic

Soft palate

05 normal
15 slightly elongated
25mildly elongated, no contact with arytenoids
35 severely elongated and thickened, in contact with arytenoids

Laryngeal collapse

05 absent
15 saccules eversion (stage 1)
25 cuneiform processes collapse (stage 2)
35 corniculate processes collapse (stage 3)

Tracheal hypoplasia

05 absent
15mild
25 severe

GEJ abnormalities score (0-7)

Cardia

05 closed
15 opens
25 gaping

Gastro-esophageal reflux

05 absent
15 intermittent
25 permanent

GEJ sliding

05 absent
15 bulging and partial circumferential gastric mucosa eversion
25 bulging and complete circumferential gastric mucosa eversion
35 SHH

aThe respiratory abnormalities score was based on physical examination, thoracic
radiographs, and laryngoscopy. The sum of the grades determines the score (rang-
ing from 0 to 9) (adapted from Bernaerts et al, 2010). The GEJ abnormalities
score was based on abnormalities of the GEJ observed during endoscopy of the
esophagus. The sum of the grades determines the score (ranging from 0 to 7).
Abbreviations: GEJ, gastro-esophageal junction; SHH, sliding hiatal hernia.

FIGURE 4 Bulging and eversion of the gastric mucosa in a dog with
brachycephalic airway obstructive syndrome observed during esophageal
endoscopy

FIGURE 5 Sliding hiatal hernia in a dog with brachycephalic airway
obstructive syndrome observed during esophageal endoscopy
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hernia varying from 10% to 80%, because of the subjectivity
of the radiographic criteria.26 Increasing the transdiaphra-
gmatic pressure gradient by manipulations during thoracic
radiographs could potentially help detect SHH. However,
manipulations were not performed during thoracic radio-
graphs in this study to avoid excessive stress if performed
without anesthesia, or to avoid prolonged anesthesia. In addi-
tion, generating excessive transdiaphragmatic pressure gra-
dients by manipulations could potentially induce false
positive gastro-esophageal reflux and modify the results of
subsequent standard endoscopy.

In contrast to radiography, endoscopy enables dynamic
examination and should improve the detection of SHH. We
established a scoring system for endoscopic GEJ abnormalities,
in order to expand our assessment to other abnormalities, such
as minor sliding or gastro-esophageal reflux. This scoring sys-
tem was considered reliable, repeatable, and independent of the
reader’s expertise. We decided to exclude esophagitis (detected
in 11 dogs) from the scoring system to limit our assessment to
the dynamic aspect of GEJ abnormalities. The prevalence of
SHH in dogs with BAOS seems low compared to the high
prevalence of digestive clinical signs in the population studied
here, as well as in previous publications.6,23 Intubation of anes-
thetized dogs decreases the risk of respiratory obstruction, and
may mask GEJ abnormalities and SHH. Body position and
anesthetic agents could also influence the detection of GEJ
abnormalities. Indeed, body position and some anaesthetic
agents, such as acepromazine, have been found to reduce the
pressure within the lower esophageal sphincter and affect the
GEJ function.27,28 Endoscopy was in left lateral recumbency in

our study, because this position has been reported to have the
least effects on GEJ pressure.22 Since endoscopic evaluation of
the GEJ requires anesthesia, we prioritized the selection of a
safe protocol for dogs with BAOS, over a protocol that would
minimize interferences with the GEJ function.

An increased transdiaphragmatic pressure gradient has
been proposed as a causative factor for SHH in dogs with
BAOS. Indeed, aerophagia and delayed gastric emptying in
diseased dogs could increase the intra-abdominal pressure,6

which may induce a cranial displacement of the GEJ. On the
other hand, increased inspiratory efforts in the presence of
upper airways obstruction are thought to decrease the intra-
thoracic pressure, therefore inducing SHH.6,14,16,24 To the
authors’ knowledge, this is the first study showing that
increasing the transdiaphragmatic pressure gradient has an
impact on the GEJ in dogs with BAOS. Each

TABLE 4 Summary of the clinical signs and the respiratory
abnormalitiesa

Clinical signs and abnormalities
Number of
dogs (0-20)

Digestive clinical signs 13

Regurgitation 1
Vomiting 3
Both 9

Respiratory clinical signs 20

Snoring 19
Inspiratory efforts 7
Exercise intolerance 11
Cyanosis/syncope 6

Respiratory abnormalities 20

Stenotic nares 14
Soft palate elongation 20
Laryngeal collapse 10
Tracheal hypoplasia 5

aNumber of dogs (from 0 to 20) presented with each clinical sign and diag-
nosed with each respiratory abnormality.

TABLE 5 Summary of the abnormalities of the GEJ in standard
conditions and during the 3 manipulations

GEJ abnormalities

Number of dogs (0-20)

STD 308 ETO MP

Cardia

Closed 11 13 11 6
Opened 6 4 2 8
Gaping 3 3 7 6

GER

Absent 20 15 16 11
Intermittent 0 5 4 9
Permanent 0 0 0 0

Sliding

Absent 5 3 4 0
Bulging 8 7 7 7
Eversion 7 8 5 8
SHH 0 2 4 5

Abbreviations: 308, 308 Trendelenburg position in left lateral recumbency;
ETO, temporary complete endotracheal tube obstruction; GEJ, gastro-esopha-
geal junction; GER, gastro-esophageal reflux; MP, manual pressure, with the
fist, on the cranial abdomen; SHH, sliding hiatal hernia; STD, standard
conditions.

TABLE 6 Summary of the GEJ abnormalities scores in standard
conditions and during the 3 manipulations

GEJAS (0-7) STD 308 ETO MP

Mean 1.7 2.0 2.4 3.2

Median 2.0 2.0 2.0 3.0

Range 0-3.3 0-4.8 0-5.7 0-4.7

Abbreviations: 308, 308 Trendelenburg position in left lateral recumbency;
ETO, temporary complete endotracheal tube obstruction; GEJAS, gastro-
esophageal abnormalities score; MP, manual pressure, with the fist, on the
cranial abdomen; STD, standard conditions.
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manipulation increased the GEJ abnormalities score and
the number of SHH detected in comparison to standard
endoscopy. Although we assume that the manipulations
did modify the transdiaphragmatic pressure gradient, we
did not effectively measure pressure variations. Further
studies using esophageal manometry or dual thoraco-
abdominal respiratory inductance plethysmography, as
recommended by the American Academy of Sleep Medi-
cine,29 are necessary to quantify changes in transdia-
phragmatic pressure gradients.

The prevalence of digestive clinical signs (65%) in dogs
enrolled in our study compares favorably to that reported by
Poncet and collaborators6,23 (74% and 93% of dogs, respec-
tively). We confirmed the correlation between the respiratory
and digestive clinical signs, previously reported in these
studies. Endotracheal intubation was the only manipulation
that revealed a correlation between the digestive clinical and
the GEJ abnormalities scores in our study. ETO is a simple
method to decrease the intrathoracic pressure. Based on our
results, this technique may best reproduce the dynamics of
the GEJ (SHH and other GEJ abnormalities) in awake dogs
with BAOS, during episodes of upper airway obstruction.
By contrast, the 2 other manipulations (MP and 308),
designed to increase intra-abdominal pressure, did not corre-
late the digestive clinical and the GEJ abnormalities scores,
and were therefore considered less adequate to reveal GEJ
abnormalities in dogs with BAOS. Furthermore, MP could
overestimate while standard conditions and 308 could under-
estimate GEJ abnormalities and SHH in dogs with BAOS.

Indeed, standard conditions and 308 detected less SHH than
ETO, while MP detected more SHH and more severe GEJ
abnormalities compared to ETO. Alternatively, the low num-
ber of dogs in this study may have affected our ability to
detect correlations between the digestive clinical and the GEJ
abnormalities scores with the other manipulations. Further
studies are needed in a larger population of BAOS dogs to
confirm this finding. Our study focused on dynamic abnor-
malities of the GEJ, but did not evaluate other abnormalities
that could lead to digestive clinical signs in dogs with
BAOS. We only included dogs that were free of other con-
current diseases, and performed a complete endoscopic
investigation of the upper digestive system in all dogs. No
mucosal abnormalities, pyloric stenosis, pyloric atony, nor
duodenogastric reflux was observed. We could have eval-
uated esophageal deviation and the presence of gastritis as
Poncet and collaborators.6 However, the correlation observed
between digestive clinical score and GEJ abnormalities score
during ETO in this study indicates that the dynamic abnor-
malities of the GEJ may be implicated in the pathogenesis of
the digestive clinical signs in dogs with BAOS. Conversely,
this correlation could explain the improvement of digestive
clinical signs after surgical correction of obstructing upper
airways, and warrant further exploration in large population
of dogs with BAOS monitored postoperatively.6 In contrast
to other studies,6,23,30,31 we were unable to detect a breed,
gender, or body condition score predisposition for SHH,
potentially due to the lower number of patients.

TABLE 7 Nonparametric ANOVA results for repeatability of the
GEJ abnormalities score and the detection of SHH between the 2 read-
ings and the 3 readersa

Repeatability

(P-values)
Readings
1 and 2

Readers

1 and 2 1 and 3 2 and 3
1, 2,
and 3

GEJAS

STD 0.71 0.88 0.66 0.92 0.68
308 0.49 0.94 0.93 1.00 0.92
ETO 0.35 1.00 0.97 0.96 0.96
MP 0.43 0.69 0.79 0.98 0.70

SHH

STD 0.89 0.86 0.86 1.00 0.84
308 0.90 0.94 0.99 0.99 0.94
ETO 0.44 0.95 0.95 1.00 0.94
MP 0.71 0.89 0.82 0.99 0.83

aP-value> .05 lead to accept the hypothesis of identical scores between the
readers and the readings.
Abbreviations: 308, 308 Trendelenburg position in left lateral recumbency;
ETO, temporary complete endotracheal tube obstruction; GEJAS, GEJ abnor-
malities score; MP, manual pressure, with the fist, on the cranial abdomen;
SHH, sliding hiatal hernia; STD, standard conditions.

FIGURE 6 Correlations between scores. Correlations were identified
between the 2 clinical scores (respiratory and digestive), the 2 respiratory
scores (clinical and abnormalities), and between digestive clinical score
and respiratory abnormalities score. The GEJ abnormalities score correlated
with the digestive clinical score and with the respiratory abnormalities
score only during ETO. DCS, digestive clinical score; ETO, temporary
complete endotracheal tube obstruction; GEJAS, GEJ abnormalities score;
RAS, respiratory abnormalities score; RCS, respiratory clinical score
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No gold standard has been established for endoscopic diag-
nosis of SHH in dogs. In the present study, SHH was diag-
nosed based on bulging and opening of the cardia, and
visualization of the gastric mucosa >2 cm cranial to the esoph-
ageal hiatus. This classification was derived from that used in
man, where hiatal hernias can be typed according to the
Makuuchi classification: grade A consists of a definite hiatal
hernia (sac-shaped portion covered with gastric mucosa visible
�3 cm above the hiatus); grade B is a minor hiatal hernia with
gastric mucosa visible circumferentially <3 cm above the hia-
tus; grade C is a minor hiatal hernia with gastric mucosa visi-
ble partially above the hiatus; and grade 0 consists of a normal
status, with a mucosal junction visible below the hiatus.32

Based on our modified-Makuuchi classification, ETO allowed
the scoring of 4 dogs as grade A (SHH), 12 as grade B or C
(partial or complete eversion of the mucosa <2 cm above the
hiatus), and 4 dogs as grade 0 (no sliding of the GEJ) hiatal
hernias. Overall, 80% of the dogs with BAOS in this study dis-
played variable degrees of SHH. This finding could explain
the presence of digestive clinical signs in 65% of the same
population of dogs with BAOS. Indeed, dogs with minor HH
but without digestive clinical signs could include dogs with
occult regurgitations, as described in man.33,34 Further studies
using pH-metry or pressure manometry may help detect occult
SHH and/or regurgitations in those dogs.22

Antiacid therapy is usually recommended in dogs with
overt digestive clinical signs to treat upper esophageal, pha-
ryngeal, and laryngeal inflammation secondary to regurgita-
tion and/or vomiting.35-37 Systematic use of the scoring
system and manipulations during endoscopic evaluation of
the GEJ in dogs with BAOS could improve the detection of
GEJ abnormalities and influence the therapeutic plan. Indeed,
patients with only minor digestive clinical signs but with
major GEJ abnormalities during manipulations may suffer
from occult regurgitation and could benefit from antiacid
therapy. Further studies are needed to assess the benefits of
antiacid therapy in dogs with newly detected GEJ abnormal-
ities after manipulations. In the author’s experience, some
dogs still present digestive clinical signs after corrective sur-
gery of the obstructing upper airways and justify surgical
correction of SHH. In this study, no dog required a surgical
correction of the SHH (2-year follow-up). Evaluation of the
GEJ under manipulations could potentially improve longitu-
dinal monitoring of dogs, facilitate the diagnosis of persistent
GEJ abnormalities, and help clinicians assess the need for
surgical correction of the SHH.

The major limitation of this study is the lack of a control
group comprising brachycephalic dogs without any respira-
tory and digestive abnormalities. Such a group would be diffi-
cult to identify, and the inclusion of dogs who underwent
surgical correction of BAOS may provide an alternative. Five
healthy Beagles were enrolled in a pilot study to evaluate the

safety of the procedures but were not intended to serve as a
control group. This sample size is too low to allow statistical
analyses. Although very mild abnormalities of the GEJ (open-
ing of the cardia) were observed in 2 of these dogs with MP,
neither gastro-esophageal reflux nor gastric mucosal eversion
were observed. While healthy dogs are not expected to face
such transdiaphragmatic pressure gradient when awake, this
observation highlights that manipulations could potentially
create false positive GEJ abnormalities in healthy dogs. Fur-
ther studies are needed to evaluate the effect of the manipula-
tions on the dynamic of the GEJ in dogs that are free of
BAOS. Additional groups of interest could include dogs sus-
pected of SHH without BAOS and nonbrachycephalic dogs
free of digestive and respiratory clinical signs.

5 | CONCLUSIONS

To our knowledge, this is the first prospective study reporting
the effects of manipulations aimed at increasing transdia-
phragmatic pressure gradient on the GEJ of dogs with BAOS.
Our results highlight the limited diagnostic ability of standard
radiography in detecting SHH and the potential of manipula-
tions during endoscopy as a superior alternative. ETO was the
only manipulation revealing a correlation among the digestive
clinical signs, the GEJ abnormalities, and the respiratory
abnormalities. ETO therefore appears to be the most effective
manipulation to detect GEJ abnormalities during endoscopy
of dogs with BAOS. The systematic use of manipulations dur-
ing esophageal endoscopy could improve the diagnosis and
understanding of SHH, and consequently improve the medi-
cal management of dogs with BAOS.
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