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SUMMARY
GASTRIC DILATATION VOLVULUS IN LARGE BREED
DOGS AND ITS PREVENTION
Isabella Klara Große Darrelmann
Master Thesis
The objective of this master thesis is to briefly inform the audience about the pathophysiological
processes, clinical signs, diagnostic procedures, and treatment approaches for Gastric Dilatation
Volvulus (GDV).
Furthermore, preventive measures in large breed dogs were investigated and discussed. In
specific, the correlation between GDV and the type of feeding the dogs receive. Thereby
differentiating between fats, oils or grains listed within the first four ingredients in dry dog food, as
well as barf, or mixed types of feeding. The study further investigates, if there is a correlation between
GDV and the feeding of large breed dogs with raised food bowls, if the gender of the dog has a
correlation with GDV and if the condition can be influenced by the frequency of feeding per day.
For this purpose, an online survey was conducted, collecting representative data of 1.494 large to
giant breed dogs.
The data was categorized and analyzed in order to proof or reject the given hypothesis.
According to this statistical analysis, the type of feeding and GDV are in significant relation to each
other. The study showed, that dogs being fed with dry food containing grains and fats or oils within
the first four listed ingredients are more likely to experience GDV. The same accounts to dogs being
fed with multiple different kinds of dry food.
The lowest risk for GDV was shown in dogs fed with dry food not containing grains or fats/oils
within the first four listed ingredients.
The gender of the dog, as well as the neutering status of the animal, the height of the food bowls
and the number of feedings per day have not been shown to be significantly correlated with GDV in
this study.
Key words: Gastric dilatation volvulus, prevention, large breed dogs, dry dog food ingredients
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SANTRAUKA
DIDELIŲ VEISLIŲ ŠUNŲ SKRANDŽIO
IŠSIPLĖTIMAS/UŽSISUKIMAS IR JO PREVENCIJA
Isabella Klara Große Darrelmann
Magistrinis darbas
Šio magistrinio darbo tikslas – trumpai pateikti klausytojams apie patofiziologinius procesus,
klinikinius požymius, diagnostines procedūras ir gydymo metodus skrandžio išsiplėtimo ir (ar)
užsisukimo atveju (GDV).
Buvo tiriamos ir aptartos didelių veislių šunų prevencinės priemonės, konkrečiai, koreliacija
tarp GDV ir šunų šėrimo tipo. Kartu buvo tiriama įtaka GDV nuo sausame šunų pašare esančių
riebalų, aliejų ir grūdinių kultūrų kiekio, mišraus ar naturalaus šėrimo tipo. Toliau tyrime buvo tirta
ar yra ryšys tarp GDV ir didžiųjų veislių šunų šėrimo iš pakeltų maisto dubenėlių, ar GDV yra susijusi
su šunų lytimi ir ar šiai būklei gali turėti įtakos šėrimo dažnumas per dieną.
Tuo tikslu buvo atliktas internetinis tyrimas, kuriame surinkti reprezentatyvūs 1494 didelių ir
gigantinių veislių šunų duomenys.
Gauti duomenys buvo suskirstyti į kategorijas ir analizuoti siekiant įrodyti ar atmesti iškeltą
hipotezę.
Remiantis statistine gautų duomenų analize, šėrimo tipas ir GDV yra reikšmingi vienas kito
atžvilgiu. Tyrimas parodė, kad šunys kurie šerti sausu pašaru, kuriame yra grūdinių kultūrų, riebalų
arba aliejaus, yra didesnė tikimybė patirti GDV. Tos pačios sąsajos šunims, kurie šerti įvairios rūšies
sausais pašarais.
Mažiausia GDV rizika buvo nustatyta šunims, kurie šerti su sausu pašaru be grūdinių kultūrų,
riebalų ar aliejaus.
Šio tyrimo metu nebuvo įrodyta, kad šunų lytis, kastracija, pašaro dubenėlių aukštis ir pašaro
šėrimo kartai per dieną patikimai koreliuoja su GDV.
Raktažodžiai: skrandžio išsiplėtimas ir/ar užsisukimas, prevencija, didžiosios šunų veislės.
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HYPOTHESIS
1. There is a correlation between the type of feeding and the occurrence of gastric dilatation volvulus.
2. There is a correlation between the first four ingredients in dry food and the risk for a gastric
dilatation volvulus.
3. There is a correlation between the gender of the dog and the occurrence of gastric dilatation
volvulus.
4. There is a correlation between the frequency of feeding per day and gastric dilatation volvulus.
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INTRODUCTION
Gastric Dilatation Volvulus (GDV) has an extreme impact on large and giant breed dogs around
the globe. As GDV has a very high incidence rate together with a high mortality rate it counts as
leading cause of death for large and giant breed dogs. (35) Great Danes, for instance, have an
estimated life time risk for the occurrence of GDV of 36.7%. (2)
The majority of owners of at-risk-breeds seem to be well informed about the corresponding
clinical signs to react accordingly in the given moment; however, no one can for sure say how to
prevent the condition from occurring.
There has been several studies and debates by veterinarians about the potential risk factors of
GDV. Yet it seems even if the owner follows a strict plan for its prevention, the dog can still get the
condition. Therefore, this study wants to investigate potential causes of the occurrence of GDV.
For this purpose, an online survey directed to dog owners of large and giant breed dogs has
been conducted.
The specific risk factors considered in this study will be the use of elevated food bowls, the
frequency of food intake per day, as well as the relationship between the gender of the dog and the
occurrence of GDV. Furthermore, the type of dog food fed to the dog will be evaluated as a nutritional
risk factor. Specifically focusing on the correlation between GDV and the first four ingredients used
in dry dog food containing fermentable carbohydrates (as grains) and oils and fats.
The tasks of this thesis are:
1. To investigate if there is a correlation between the type of feeding and the occurrence of
gastric dilatation volvulus.
2. To investigate if there is a correlation between the first four ingredients in dry dog food and
the risk for a gastric dilatation volvulus.
3. To investigate if there is a correlation between the gender of the dog and the occurrence of
gastric dilatation volvulus.
4. To investigate if there is a correlation between the frequency of feeding per day and gastric
dilatation volvulus.
The remainder of the thesis is organized as follows: First, section 2 summarizes the main
findings of other research on the causes of GDV. Section 3 describes the data and research
methods. Section 4 presents the results, which are discussed in section 5. Finally, section 6 concludes.
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1 LITERATURE REVIEW
In this chapter the existing literature by different authors on the principles of GDV will be
summarized. First the pathophysiology of GDV will be described, followed by possible causes for
the condition, the conditions' clinical signs, its diagnosis and treatment approaches, as well as possible
identified preventative measures.

1.1 Pathophysiology of Gastric Dilatation Volvulus
The gastric enlargement of the animal is most probably associated with a functional or
mechanical gastric outflow obstruction. The initiating cause is still unknown; the possibilities will
yet be explained in the chapter etiology.
As the stomach is dilating, the esophageal and pyloric opening become obstructed, hence the
stomach is unable to proceed with its normal physiological means. The physiological means being
subsequently restricted encompass the removal of accumulated air by means of eructation, the pyloric
emptying and vomiting. The accumulated pressure applied on the stomach wall by the built up of gas
and/or fluid within the lumen causes massive gastric distention. (5,10,46)
The canine stomach is entirely glandular, divided into sections referred to as the cardia, the
fundus, the body, the pyloric antrum, the pyloric canal, and the pyloric ostium. (12)
In the case of GDV the duodenum and pylorus move, forced by the inter-gastric bloating, in a
ventrolateral direction in a clockwise rotation from the midline and become displaced between the
esophagus and the stomach. (see Figure 1) (5,10)
Figure 1. The normal canine stomach at the left, versus a canine stomach with changes due to
gastric-dilatation volvulus.

Source: http://criticalcaredvm.com/gastric-dilatation-volvulus-gdv-the-dreaded-bloat-in-dogs/
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This rotation might be shifted by 90 - 360 degrees, but in most cases reaches 220-270 degrees.
(10)
Following the severe clockwise rotation, seen from the perspective of a surgeon (with the dog
on its back and the surgeon facing the dog cranially), in many cases, the spleen will be found
dislocated to the right ventral side of the abdomen. (5,10)
Furthermore, the caudal vena cava as well as the portal vein will be compressed by the distended
stomach reducing the venous return and cardiac output. (7,46) This physiological process will lead to
myocardial ischemia, a decreased central venous pressure, reduced stroke volume and mean arterial
pressure. (7)
Resulting obstructive shock and inadequate tissue perfusion will affect multiple organs, like the
kidney, heart, pancreas, stomach and the small intestines. This physiological process is also described
as multiple organ dysfunction syndrome (MODS), resulting from the systemic inflammatory response
syndrome (SIRS). (11)
Those dogs suffering from gastric necrosis due to too long obstruction of the blood supply may
suffer from cardiac arrhythmia which significantly contributes to the mortality. (7,46,47) Cardiac
damage is commonly seen, recognizable by the myocardial depressant factor and increased serum
concentrations of troponin. (7)
Another leading cause of mortality after the correction of GDV is described as the reperfusion
injury, which causes severe tissue damage resulting in death. (7,11) According to one study, which
still needs further investigation, this reperfusion injury can be inhibited by lazaroids, which are
antioxidants, inhibiting oxygen-derived free radical production and lipid peroxidation. (10)
It is yet unknown if gastric dilatation occurs prior to Gastric Dilation Volvulus, as both in the
absence of the other have been reported. (7,11)

1.2 Etiology- why are large breeds predisposed?
There are several phenotypic and environmental risk factors which have been identified to
contribute to GDV. The risk of experiencing a GDV is increasing with advancing age, having only
one meal per day or very fast eating behavior. (7,28,41) Fearful, stressful and anxious dogs, as well
as dogs with a lean body constitution or previous splenic disease are described to be at risk. (7)
Furthermore it is reported that especially breeds with an increased width-depth ratio of the thorax are
at increased risk. These breeds include Great Danes with the highest estimated lifetime risk of 36.7%
(25.5%-44.6%), Rottweilers at a lifetime risk of 3.9%(0%-11.2%) (2), German Shepherds, Gordon
Setters, Irish Setters, Weimaraners, Saint Bernards, Standard Poodles, and Basset Hounds. (1,3)
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It is recommended not to breed dogs with a history of GDV, or a dog having relatives of the
first generation with history of GDV as it is thought to be linked genetically, hence increasing the
risk for potential offsprings. (5,41)
Studies showed mixed results on factors as eating and drinking from an elevated level to be a
risk factor. One study (4) concluded that Large Breeds were more likely to develop GDV if being fed
from a feeding bowl less than 1 foot tall, whereas Giant breeds were more likely to develop GDV if
they were being fed from a bowl higher than 1 foot tall. (4)
Other factors brought into association with GDV include patients with a history of parasitic
infections, congenital bowel defects, gastrointestinal foreign bodies, ileocolic carcinoma, concurrent
GDV, chronic ileocolic intussusception, enteritis, recent gastrointestinal surgery and vigorous
exercise. (6)
Theories on where the gas production may be resulting from suggest that it might be either
formed due to Clostridium perfringens bacteria, present in the form of spores in the feed, by simple
aerophagia or from carbon dioxide formed during the physiological process of digestion. (9)
Furthermore, a study made over a decade ago by Hall et al. (37) found a link between the length
of the gastrohepatic ligaments in dogs and the occurrence of GDV. According to his study, the
hepatogastric ligaments of dogs with history of GDV were significantly longer in size, than the ones
of dogs with no history of GDV. (37)
While these factors describe very possible risk factors, none of them is yet proven to be the
definite cause for Gastric Dilatation Volvulus. GDV is of multifactorial etiology and further studies
are still necessary.

1.3 Clinical Signs
Commonly patients with GDV are presenting in the clinic with a history of non- productive
retching, ptyalism, restlessness, anxiousness, and repetitive stretching, as well as adopting a “prayer
position “. (1,7) Depending on the body condition of the patient a distended abdomen should as well
be perceptible. The clinical signs may very in each patient, depending on the degree of dilatation and
rotation of the stomach, the body conformation of the dog and the time which has passed since the
incidence. Depending on these factors it is common for the patient to present with varying degrees of
hypovolemic and/or distributive shock. (7)
In the early stage of compensatory shock, the doctor will encounter signs of tachycardia, rapid
capillary refill time of mucous membranes and an active femoral pulse. As time passes the shock will
progress and the patient will demonstrate pale mucous membranes with a prolonged capillary refill
time, weak blood pressure and peripheral pulses as well as a drop in body temperature, leading to
metabolic acidosis. (1,7,10)
11

When performing abdominal palpation an enlarged, painful, tympanic abdomen will be noted.
Frequently together with splenomegaly. (1,10) If the stomach is severely distended it may apply
pressure to the diaphragm, inhibiting its movement and leading to respiratory distress. (1)
Patients presenting with GDV usually fulfill the criteria for SIRS, characterized by at least two
abnormalities within the heart rate, the body temperature, the respiratory rate or the white blood cell
count and differential. This condition subsequently will lead to MODS, affecting the cardiovascular,
respiratory, renal and gastrointestinal system as well as the coagulation. (11)
According to a study performed by Beck et al. 2006 (8), the clinical presence of the patient has
great significance for the outcome of the case. The study tells, that patients presenting in recumbent
position have 4.4 times greater probability of dying than dogs that are ambulatory. If the patient is
comatose it has a 36 times greater probability of dying and if the patient is depressed on presentation
its probability of dying is three times greater.
Therefore, the risk of comorbidity and morbidity will greatly increase if the treatment will not
be initiated within 5 hours after the onset of the clinical signs. (8)

1.4 Diagnosis
When receiving a Gastric Dilatation Volvulus patient in the clinic the diagnosis needs to be
made as fast as possible. First information to be taken into account will be the history told by the
owner. The owner most probably will have noticed a tympanic abdomen which progressively
distended, or he might have already found the dog depressed in a recumbent position. Signs of pain
are usually evident, possibly expressed by an arched back. Other signs noticed by the owner can be
hypersalivation, non-productive retching and restlessness. (7,10)
While being told the history, the clinical signs can be evaluated by physical examination.
During abdominal palpation findings can be various degrees of abdominal tympany or
enlargement in the anterior abdomen and occasionally an enlarged spleen can be palpated. In heavymuscled or very obese dogs the abdominal palpation might be difficult and cannot be diagnostic. It
has to be noted, that finding a tympanic, distended abdomen will not allow a differential diagnosis
between gastric simple dilatation or gastric dilation volvulus. (5,10,16)
Other clinical examination findings will mostly be related with shock. These include a
prolonged time of the capillary refilling, pale mucous membranes, tachycardia, weak peripheral
pulses as well as/or dyspnea. (7,10)
One study suggests, that the clinical signs of GDV fulfill all criteria for the Systemic
Inflammatory Response Syndrome (SIRS). (11)
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Furthermore, a complete blood cell count, serum chemistry profile and coagulation assay is
indicated. The most important blood parameters to be able to diagnose GDV are the packed cell
volume (PCV), total solids in the blood, electrolytes, blood glucose and the serum lactate level. (1)
The complete blood cell count is only informative if we have a case with thrombocytopenia
caused by disseminated intravascular coagulation. When evaluating the blood the most common
findings will be hypokalemia or hyperkalemia, an increased lactic acid concentration or metabolic
acidosis caused by increased vascular stasis. When evaluating the pH, it is important to understand
that due to the sequestration of hydrogen ions in the gastric lumen metabolic alkalosis can develop,
which will equal out the metabolic acidosis and show a normal pH in the results. This process is
called mixed acid- base disorder.
Further laboratory findings can be respiratory acidosis, secondary to hypoventilation which
makes GDV an inappropriate case for routine sodium bicarbonate administration.
Hypoxia might be seen by an increase in the ALT and AST levels. If there is an increase in
creatinine kinase levels it will be present due to initiated muscle damage. Another diagnostic
parameter, which should always be evaluated is the lactic acid concentration. A lactic acid
concentration higher than 6mmol/L strongly suggests that necrotic damage of the gaster developed
and will be a n indication for partial gastric resection. Therefore, giving a worse prognosis for the
patient. (1,10)
While all these parameters are being evaluated it is suggested to have the patient under
continuous ECG and blood pressure monitoring. (1)
To differentiate simple gastric dilatation from GDV the greatest diagnostic tool is the
radiography. For radiography the patient can either be placed in right lateral or dorsoventral
recumbency. When positioning the patient in lateral recumbency findings will be a large distended,
gas filled gastric shadow. The pylorus will be located dorsal and slightly cranial to the fundus of the
stomach. The shadow being seen can be compartmentalized or divided by a soft tissue shelf located
between the pylorus and fundus. This particular compartmentalization will create a characteristic “C
“- shape, in some literature also described as „double- bubble” (see Figure 2). (10)
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Figure 2. Right lateral recumbent view in radiography shows the characteristic “C- shape“ of
the stomach in a GDV case.

Notes: The white arrows show the dislocated pylorus, the red arrow shows distended, gas filled intestines. Source:
http://www.aecrockford.com/wp-content/uploads/2010/02/canine-bloat-GDV-an2.jpg

In the dorsoventral view the pylorus will appear as a gas filled structure located at the left from
the midline. Contraindicated is the ventrodorsal position as it may lead to aspiration. (10)
Other clinical findings in the radiograph include an enlarged or malpositioned spleen and it
should be payed close attention to where the gas can be found. If the gas is seen within the gastric
lumen it indicates tissue compromise, whereas if it is found outside of the gastric lumen, inside the
abdominal cavity it is an indicator for gastric rupture. (1)

1.5 Differential Diagnosis
GDV needs to be especially differentiated from two conditions, which present with very similar
clinical signs. These are food bloat and gastric dilatation without torsion.
Food bloat mostly occurs in puppies due to overeating and can lead from food engorgement to
gastric dilatation. The stomach will be tympanic and enlarged, but not torsed. (10,16)
A right lateral abdominal radiograph will aid in differentiation. (16) According to Smart and
his colleagues (17) food engorgement patients with a developing degree of gastric dilatation will have
an increased value in blood lactate concentration, compared to GDV patients. This is being explained
due to the compromised oxygen delivery to tissues in GDV patients. (17)
It is important to mention, that GDV patients cannot be differentiated from gastric dilatation
patients judged from the ability to pass a orogastric tube. (5)
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Another condition leading to an enlarged and tympanic abdomen, similar in presentation as a
GDV patient is the small intestine volvulus. This will as well be able to be differentiated by the use
of a radiograph. Furthermore, it needs to be thought about primary splenic torsion, possibly presenting
with a mild abdominal distention and acute abdominal pain. Diaphragmatic herniation, with
herniation of the stomach and ascites also need to be excluded by performing a thorough palpation of
the abdomen and carefully evaluating the radiographs. (10)

1.6 Treatment
1.6.1 Patient stabilization and medical management
The first goal when starting to treat a gastric volvulus patient is the stabilization of its condition.
(1) Patient stabilization is considered critical for a successful outcome of the case. (13)
The circulatory volume needs to be restored and gastric decompression needs to be initiated as
soon as possible. (1)
On arrival the patient needs to receive a large- bore catheter (16-18 gauge) in either the jugular
vein or in both cephalic veins. The patient should immediately receive fluids, to correct the acid-base
imbalance. It can be used an isotonic fluid at a rate of 90 ml/hr/kg or a hypertonic 7% saline solution,
which should be given 4- 5 ml/kg for 15 minutes. It is as well possible to use hetastarch at a rate of
5-10 ml/kg over 10 to 15 minutes or a combination of 23,4% saline diluted with 6% hetastarch, to
receive a 7,5% solution, which is administered at a rate of 4 ml/kg over 5 minutes.
When the patient is prepared this far, blood should be drawn from another vein available to
determine the blood gas concentration, the complete blood count and the clinical biochemistry profile.
(10,1)
Broad- spectrum antibiotics should be administered as well due to the risk of endotoxemia and
GI translocation of bacteria. (1) Preferable are cefazolin at 22 mg/kg intravenously, or a combination
of diluted enrofloxacin at 7-15 mg/kg over 30 minutes with ampicillin at 22 mg/kg intravenously.
(10)
Further indicated medical treatment includes corticosteroids, Flunixin meglumine and
Deferoxamine.
Corticosteroids are given as they counteract towards the hypovolemic shock by stabilizing
lysosomal membranes, they increase the cardiac output and aid in support of the circulatory system.
Furthermore, it reduces the serum levels of endotoxin and decreases the complement fixation, which
interferes with the induced immune reactions. Commonly used is for example Dexamethasone at 4
mg/kg.
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Flunixin meglumine can be given as it blocks the rise in plasma prostacyclin concentration. It
will not be able to lower the concentration but will prevent it from rising any higher. Therefore,
counteracting endotoxemia. It is contraindicated with the use of steroids. (13)
When transiently ischemic tissue is being reoxigenized by oxygenated blood free radicals are
being generated and damage the cells. Research suggests, that this process can be optimized by the
administration of deferoxamine. Deferoxamine is responsible for preventing several chemical
reactions which are producing hydroxyl radicals, saving valuable cells from cell death. (13)
Definite proof for the efficacy of this medication is still lacking. (14)
If necessary during stabilization, oxygen therapy should also be provided, either by nasal
insufflation or by using a mask. (10)
During the shock therapy gastric decompression can already be initiated. First it should be tried
to pass a stomach tube. The patient can be moved during this process to facilitate the passage of the
tube. Alternatively, if the stomach tube is not able to pass, a large boar trochar needle should be used
to decompress the stomach percutaneously at the point of greatest tympani.
If the stomach tube was able to pass, the stomach should be lavaged with warm water after
decompression. The stable patient should then be rushed to the radiography, if there was no blood
seen in the stomach contents, which would indicate immediate surgical intervention. (10)
1.6.2 Surgical management
Surgical management should follow as soon as the patient is stable. If the patient is not yet
stable, surgical management is anyways indicated, as waiting for hours will only decrease the
patients’ condition. The condition needs to be surgically corrected, to allow recovery. (15)
To allow a quick interaction the surgery room should already be prepared during the patient is
being stabilized. According to Kath Howie (15) the equipment in the surgery room should include a
full crash kit of different sizes of catheters, needles, syringes and ET tubes. Oxygen masks, as well
as a suction unit, stomach tubes and intravenous fluids, as warm saline, crystalloid or colloid fluids
and an intravenous fluid pump should also be at hand. Furthermore, she strongly suggests monitoring
the patient with an ECG. Necessary medication in the surgery room include adrenaline, dopram and
atropine.
A standard surgical instrument kit can be used with additional swabs and a second set of drapes.
It is important to warm the patient throughout the whole surgical procedure. (15)
The patient is being prepared routinely for an aseptic abdominal surgery. It is advised to clip
and prepare the abdominal area from the mid thorax to the pelvis, to be able to prolong the incision
if complications arise. (15,10)
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The main surgical goals are to closely evaluate the stomach and the spleen for any damaged or
necrotic tissue and should the situation arise to act accordingly. Furthermore, the stomach should be
decompressed and brought into its correct anatomical position. Following, to prevent the condition
from reoccurrence the stomach needs to be adhered to the abdominal wall. (10)
The first structure seen when entering the abdominal wall is the greater omentum covering the
stomach. To correct the anatomical position of the stomach the stomach needs to be decompressed.
If this is not yet the case, a large boar needle can be used to achieve decompression. Then the surgeon
grabs the pylorus with his right hand and moves it upward towards the incision line. At the same time,
he uses his left hand to depress the fundus at the greater curvature to achieve a counterclockwise
turning of the stomach. (15,7,13) The surgeon needs to assure that the spleen is lying in its correct
position on the left side of the abdomen. The splenic hilus needs to be carefully palpated to exclude
any presence of damage. If there is no palpebral pulse a splenectomy needs to be performed. All
organs, including the liver, gallbladder, pancreas, jejunum, colon, ileum and ligaments require a close
inspection for any sign of torsion, necrosis or damaged tissue. (7) It is also recommended to palpate
the intra-abdominal esophagus to ensure derotation. Any damaged or necrotic tissue needs to either
be removed or invaginated. (10,15)
After performing a thorough examination of the abdominal organs, the viability of the stomach
can be assessed. According to Elisa M. Mazzaferro and Eric Monnet (15) any necrotic tissue on the
stomach wall will appear in a gray to black color and will feel thinner on palpation, it may even be
friable. In such cases the prognosis is grave, and a partial gastrectomy will be the recommended
choice. (15,13)
1.6.3 Gastropexy
To avoid the volvulus from recurring, the stomach needs to be permanently secured to the
stomach wall. A study made by Glickman and his colleagues et al. 1998 (18) showed, that a surgical
gastropexy will lower the recurrence rate by 80%. It is not impossible for dilatation to occur following
gastropexy, but it is certain that the pyloric antrum will not be able to move from its normal position.
(7,10)
There are multiple different techniques of how to perform a gastropexy, the most commonly
used gastropexy techniques are named as followed: incisional (muscular flap) gastropexy,
circumcostal gastropexy, tube gastropexy and belt-loop gastropexy. (5,7,10) All of these techniques
and their modifications can be used, as according to a study made by Eggertsdottir et al. 2008 (19),
they are all proven to be successful with a recurrence rate of less than 7%. Techniques which should
be avoided, include the gastrocolopexy, showing a recurrence rate of 20% (19) and the incorporating
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gastropexy. This technique is inappropriate since it doesn't secure the pylorus in its natural position.
(7)
The circumcostal technique is being described as the strongest available according to
biochemical testing by Fox et al. 1985,1988 (20,22). A seromuscular flap is being excised from the
pyloric antrum, placed around the last rib and sutured back to its original position on the pylorus with
the help of stay sutures on the seromuscular flap. A 3-0 absorbable suture material can be used for
this procedure. (7) As advantage of this technique should be mentioned, that the gastric lumen is not
being entered and the gastropexy will be permanent. (13)
A weaker procedure, but secure enough for use is the incisional gastropexy, also recommended
by Kath Howie as it is a „quick and reliable technique (15) “. (7,15)
In this technique two parallel 4-6 centimeters long incisions are made into the pyloric antrum
through the seromuscular layers, and in the peritoneum and transverses abdominis muscles at the
right ventrolateral abdominal wall. These incisions are being opposed and sutured with a continuous
suture material. The suture material can be 2-0 or 0 PDS, but it can also be chosen another absorbable
or non-absorbable material at the preference of the surgeon. (7, 15)
A newer modification of the incisional technique, using automated staple equipment, leads to
even better recurrence results of 0-4%. (21).
Which technique will be chosen, lies within the decision of the performing surgeon. As a fact,
it needs to be done to prevent the recurrence of GDV. Gastropexy always needs to be performed in
conjunction with a correction of the anatomical position of the stomach and a thorough abdominal
exploration. (10)

1.7 Postoperative Period
1.7.1 Postoperative management
The first 48 hours after surgery are the most critical during the postoperative management and
will determine the prognosis of the patient. (15) During this time the intensive care and careful
monitoring of the patients’ vital signs are essential for the patient to be able to survive. (23) It is
recommended to have a nurse remaining at the side of the patient until full recovery of the anesthetics,
reporting any slight changes of the patients’ condition.
Additionally, the patients’ vital signs should be monitored, at least every half an hour. (15) The
packed cell volume, total solids and postoperative lactate should be evaluated after 6-12 hours post
surgery. In critical patients’ glucose, creatinine, the acid-base balance and electrolyte concentrations
need to be monitored twice per day. (7,15,23) It should also be paid attention to the urine output of
the patient, as it is a good indicator for sufficient perfusion. (15,23)
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A good plan for postoperative pain management needs to established. Opioids, as morphine,
buprenorphine, methadone, meperidine, hydromorphone and fentanyl are good for use. Avoided
should be any kinds of NSAIDs, as they may contribute to potential gastrointestinal and renal side
effects. (23)
To maintain the cardiovascular system, crystalloid fluids are continued until the patient is able
to take in an adequate amount of nutrition by himself. If there is a sign of hypoproteinemia, the patient
should additionally be administered hydroxyethyl starch at a rate of 20-30 mL/kg intravenously.
(7,15)
At the point of postoperative nutrition, the authors opinions are divided. The majority suggests
withholding feed until 12 hours after the surgery. (10,7) Then soft, low- fat food and small amounts
of water should be offered at 12-24 hours post surgery. (10) Another option is, to start with small
amounts of food at 12 hours in the form of enteral nutrition, and if rejected change to parenteral
nutrition. (7) Whereas Thomas W. G. Gibson (1) writes, that the food should be withheld within the
first 48 hours after surgery. (1)
Kath Howie (15) on the other hand says, as the appropriate nutrition postoperatively is such an
important factor contributing to a positive outcome for the patient, it would be most advisable to place
a feeding tube at the time of surgery. This way, she states, it is possible to already start feeding the
patient fluids at 2 hours after surgery. She recommends lectate, at a rate of 0,3ml/kg every 2 hours.
8- 12 hours post-surgery; she then offers a high caloric nutritional supplementation. If food is not yet
accepted by the patient, she will use recovery diets, as Fortol and Walthams, to pass down the feeding
tube. Another suggestion of her is to let liquid feed stored in an IV- bag drip down the feeding tube
in a slow, constant rate. According to her, this will counteract regurgitation and vomiting. (15)
At any time when feeding the patient, it should be monitored closely for vomiting. (10) If
vomiting occurs, the patient can be administered antiemetic agents, as for example metoclopramide
or maropitant. (1)
If the gastric wall integrity was especially compromised, or gastrectomy was performed, the
patient needs to receive a gastroprotective drug, as a histamine- receptor blocker, sucralfate, or a
proton- pump inhibitor. (7)
Furthermore, antibiotics need to be given. In a simple GDV case, with no splenectomy or partial
gastrectomy, the use of a single agent antibiotic, as for example cephalosporin for 3-5 days
postoperatively will be sufficient. If there was evidence of gastric perforation, spillage of gastric
contents or if there was the need of gastrectomy during surgery, a broad-spectrum antibiotic, as
amoxicillin-cluvanic acid or fluoroquinolone given for 5-10 days are the right choice. The same
accounts for patients with signs of aspiration pneumonia. (13, 23)
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Upon discharge of the patient, the owners should be informed to restrict the activity of their
dog and to only feed small meals distributed over the day. Medical treatment, including antibiotics,
gastric protectants and analgesia should be continued at home. (23)
1.7.2 Postoperative complications
Possible postoperative complications of GDV patients include multiple conditions, as ischemic
perfusion injury, acute kidney injury, hypokalemia, hypoxemia, cardiac arrhythmias, gastric
ulceration, peritonitis, electrolyte imbalances, disseminated intravascular coagulation (DIC),
hypotension and systemic inflammatory response syndrome. (5,7,23)
Referring to the research of Buber et al. 2007 (24) the most commonly occurring complications
are cardiac arrhythmias with a rate of 45,5%, and the disseminated intravascular coagulation with a
risk of 16%.
Due to the high risk for cardiac arrhythmias, the patient needs to be monitored with an ECG in
the first 24-72 hours postoperatively. (5,23) The arrhythmias, mostly of ventricular origin, commonly
result from hypokalemia, hypoxemia or other electrolyte imbalances. If the condition will not resolve
by itself when these conditions are corrected, a slow IV bolus of lidocaine (2mg/kg) needs to be
administered. Alternatively, procainamide can be used. (23) If neither of these medications help to
resolve the arrhythmia, due to for example hypokalemia, sotalol should be administered. (5)
As DIC, is a major complication in GDV patients, the clinician should have frozen plasma at
hand. If there are signs of coagulopathies, shown by “thrombocytopenia, prolonged PT, APTT, or
ACT, elevated D- dimers, decreased antithrombin, petechiation or ecchymosis “(7) frozen plasma
should be induced at a dose of 15-20ml/kg. (7, 23)
1.7.3 Prognosis for the patient
According to different studies the short- term mortality rate after GDV varies greatly. It has
been reported short-term mortality rates as high as high as 60%, but also as low as 10%. (7,10,25,26).
Breeds reported for being in the highest risk group for postoperative mortality following GDV
are Bloodhounds, German Longhaired Pointers, and Neapolitan Mastiffs. (Evans and Adams, 2010,
10)
There are multiple factors which have been shown to be in correlation with an increased
mortality rate. One of these factors is the pre-surgical plasma lactate concentration, being a
good indicator for gastric necrosis, if reaching levels higher than 6 mmol/L. GDV patients with gastric
necrosis require a partial gastrectomy, hence contributing to a worsening of the prognosis by ten times
compared with GDV patients without gastric necrosis. (7,10,1) This development is influenced by a
higher risk for complications like peritonitis, arrhythmias and sepsis following gastrectomy, as each
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of these complications are linked to an increased mortality rate. (5,7,26) The mortality rate is also
strongly associated with the time at the onset of clinical signs until medical intervention. A prolonged
period of clinical signs, exceeding 6 hours will lead to a higher risk for gastrectomy, splenectomy and
arrhythmias, therefore significantly worsen the prognosis for the patient. The same accounts for
patients presenting with hypotension, DIC, and/or the need for a blood transfusion. (5,7,10,26)
Another study suggests, that the mortality rate is as well influenced by an increased urinary 11dehydro-thromboxaneB2-to-creatinine ratio post surgery. This parameter was associated with an
increased incidence of postoperative complications, especially acute kidney injury. (10,26)
Aaron Bruchim et al. 2014 (23) suggests using a lidocaine treatment combined with
conservative fluid therapy post surgically, to reduce the mortality and complication rates following
surgical correction. (23)

1.8 Prevention of GDV
Multiple studies suggest, that a proper feeding practice is of major concern for decreasing the
risk of GDV. (29-31) It should be paid attention to serve multiple small meals per day, preferably in
a calm environment with no stress factors to acquire a slower feeding rate. (30,32-34)
Commercial dry food with high fat and oil contents should be avoided, as it slows down the
gastric emptying into the duodenum. It was also shown to increase the risk of GDV, when only
feeding one type of dry food. (30,32,35) According to studies made by Thyse LFW et. al (36) the risk
can be decreased by feeding kibble sizes bigger than 30mm and adding fish, eggs or table scrapes at
given times. (28,30,32,35,36)
Furthermore, avoided should be feeding physically heavy food as it tends to stretch the
hepatogastric ligament, hence contributing to an increased risk for GDV. (28)
Previous studies (38) have suggested, that a restriction of exercise and water before and after
the meal may decrease the risk of GDV. More recent studies (35) showed, that the risk will be
decreased when always allowing access to water and maintaining a moderate exercise before and
after the meals. (28,35)
The knowledge summary of Louise Buckley (4) evaluated two studies made by Glickman
(2000) (34) and Pipan (2012) (35) which demonstrated, that against earlier studies suggested, the
elevation of food bowls for at risk dogs will not reduce the possibility of GDV. The study advices
owners to feed their dog from a feeder on the floor, as there is no proof that this will increase the risk
for GDV. (4,34,35)
Additionally, there are several non- dietary factors, which are able to be influenced by the
owner. It should be payed attention to maintain an appropriate BCS, as too lean or thin dogs show an
increased risk for GDV, not having the stability given by body fat. (28,32,33,34)
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Fast intervention and proper management of gastrointestinal health problems should be
provided to reduce inflammatory conditions in the gastrointestinal tract. (28,39)
Dogs with history of GDV, or dogs having first generation relatives with history of the disease
should not be bred. As fearful, anxious and aggressive dogs have a higher incidence of GDV, dogs
with such temperament should also be excluded form breeding programs. (30,32,35,40,42)
It is difficult to provide effective prevention, as not all risk factors contributing to GDV have
yet been identified. It is important, that the owner is well educated about the condition and its clinical
signs to ensure fast medical intervention. (28,41)
In high risk dogs preventive gastropexy should be taken into consideration to reduce morbidity
and mortality due to this condition. (1,28,35,41)
1.8.1 Preventive gastropexy
Throughout the past years, the interest of owners to do a prophylactic gastropexy as an isolated
procedure in high-risk dogs has been growing. (43,44)
Ethical issues, as the relation of costs to its effectiveness and no assurance for a GDV to occur,
even in a high-risk dog are yet withholding most owners from the decision. Furthermore, with no
routine clinical performance of this procedure, the effectiveness in preventing GDV to occur is still
doubtable. Further studies would be needed. (43,44)
One study (44) performed a decision- tree analysis of the lifetime probability of death in 5 at
risk- breeds and the expected resulting veterinary costs. According to this study the preferred method
of all breeds examined is the prophylactic gastropexy. The results of the study showed a reduction of
mortality from 2.2-fold in a Rottweiler up to 29.6-fold in a Great Dane. (43,44)
Prophylactic gastropexy will not reduce the risk for dilatation but reduces the risk for volvulus.
This will give the owner more time until medical intervention, hence reducing the mortality.
The potential complications following a GDV surgical correction is significantly higher, than
following a prophylactic gastropexy. (43) Several minimally invasive gastropexy techniques exist to
perform a prophylactic gastropexy. These include the grid approach, the endoscopically guided mini
approach and the laparoscopic gastropexy. The preferred method by surgeons for a prophylactic
gastropexy is the laparoscopic technique. The procedure involves inserting 3 portals along the ventral
midline to pass the instruments, the camera and still allow for insufflation through the first portal.
The pyloric antrum is then opposed to the seromuscular layer. (43)
Although this method has one of the lowest recurrence rates, with 20 dogs out of 25, all
gastropexy techniques are associated with very low complication and reoccurrence rates. (45)
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2 RESEARCH METHODS AND MATERIAL
2.1 Data collection
To analyze the research hypotheses relevant data was collected throughout two online surveys.
They were prepared using an electronic commercial online survey called “Survey Monkey“ in
German and English language. These surveys were subsequently shared in different German and
American dog groups related with large and giant breed dogs in the social media.
In total data of 1.494 dogs was collected. 426 participants answered the English survey, and
1068 participants the German survey.
The participants needed to answer a questionnaire with 12 questions about their dog. (seen in
Annex 1) The respondents were able to skip questions. The participants were required to be an owner
of a large to giant breed dog, it didn't matter weather the dog has suffered from GDV, or not. Seven
dogs needed to be excluded from the data as they did not meet the definition of a large or giant breed
dog. In this statistical analysis dog breeds weighing more than 22 kg in average when being mature
have been included. This leads to a data set of 1487 dogs that have been statistically analyzed.

2.2 Relevant variables
In order to answer the different hypothesis several variables have been generated.
2.2.1 Outcome variable
With respect to the research question, the variable of main interest is the occurrence of GDV.
GDV "yes" or "no" is a binary variable. It has the value 1 for the occurrence of a GDV, otherwise
zero. An additional binary variable has been used in the question: “Do you feed your dog from an
elevated food bowl”. Whereas “yes” and “no” represent the binary variables.
2.2.2 Explanatory variables
Regarding the formulated hypotheses, the selected data has been used to generate several
variables. First the gender of the dog is captured by the variable "gender". It is a categorical variable,
which has been derived from qualitative data. Therefore, it is a non-numerical variable. The same
accounts for the age groups. The only numerical variable used in this study, was the frequency of
feeding per day.
The type of feeding is as well handled as a categorized variable.
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Table 1. Categorization of the types of feeding
Category Type of feeding
1

Dry food without fats/oils or grains listed within the first 4 ingredients.

2

Dry food containing fats/oils within the first 4 listed ingredients.

3

Dry food containing grains within the first 4 ingredients.

4

Dry food containing grains and oils/fats within the first 4 ingredients.

5

Feeding several different dry foods.

6

Mixing of barf and dry food.

7

Feeding barf only.

8

Feeding wet food only.

9

Not categorizable. (Due to misspelling, not mentioning specific dry food, etc.)

10

Feeding dry food and wet food.

11

Feeding wet food and barf.

12

Feeding dry food, wet food and barf.

Notes: Own illustration.

In order to conduct the statistical analysis, the types of feedings were divided into 12
representative categories, as seen in Table 1. The type of feeding was categorized using the
information of the owners, who were asked to give detailed information about the food their dog
receives. The ingredient lists were found online using the specific information of the owner. If the
perceived information was not detailed enough, they were categorized as not categorizable (9).

2.3 Statistical methods
The statistical analysis was performed using IBM SPSS Statistics Version 23.0.0.0.
In the first step the sample as a whole was analyzed and described. Continuous data are reported
as mean with the standard deviation (SD). Categorical variables are reported as the number of
observations with the respective share of total number of observations.
For the hypotheses testing the two subsamples (dog had a GDV vs. dog had no GDV) were
compared using different test strategies. The hypotheses regarding categorical variables were tested
using Fisher's exact test for two-by-two tables. This was the case for the variable „elevated food
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bowl". The categorical variables with cross-tables of higher orders were compared using Pearson's χ2
test (Food categories and gender categories).
For the continuous data "feeding per day" the parametric Student's two-sample t-test was
applied. (tests seen in Annex 4). All tests were performed as two-sided tests with a significance level
of α = 0.05.
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3 RESEARCH RESULTS
The following chapter describes the results of the conducted analysis. First, in section 4.1 the
dog characteristics are described. Section 4.2 presents the results of the hypotheses testing.

3.1 Descriptive analysis
In the descriptive analysis, the general information received about the participating dog will be
explained. The frequency of breeds, gender, age and breeds will be discussed.
3.1.1 Information about the representing dogs
3.1.1.1 Breed distribution
There are 94 different breeds, including different cross-breeds that were registered in the
surveys.
In total Great Danes are taking the most represented breed, with 1013 participants (67.74%).
Followed by Berner Sennenhund with 105 participants (7.03%) and German Shepherds with
33 participants (2.21%). (Annex 2 Graph: Breed distribution)
3.1.1.2 Gender
Table 2. Descriptive statistics of Data

Notes: Data are represented as the number of dogs (%) or mean (SD). Own illustration.
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Intact males are the most represented gender with 38.4%, followed by intact females (25.15%)
and neutered females (19.17%). The least represented group are neutered males (17.28%). (see Table
2)
3.1.1.3 Age
The dogs ages have been categorized in less than 1 year, from 1-3 years (1 to < 4), 4-6 years (4
to < 7), 7-9 years (7 to < 10), and older than 10 years. The most represented age group in this analysis
is 1-3 years (39.85%, n=593), followed by dogs at an age between 4-6 years (27.35%, n=407). (Table
3)
Table 3. Age categories and their distribution
Age
Number
category
(in years)

Number in
percent

<1

128

8,6

1-3

593

39,85

4-6

407

27,35

7-9

251

16,87

>10

109

7,33

Notes: Own illustration.

3.1.1.4 Weight
The minimum weight within the data set is 10 kg and the maximum weight is 95 kg. This has
no significance, as age groups are not taken into account in this descriptive analysis.

3.2 Statistical analysis
In this chapter the results related to the hypothesis of this study will be displayed.
3.2.1 The correlation between the type of feeding and breeds
This statistical analysis was performed to view that there is no significant relation between
specific breeds receiving one particular type of food.
To demonstrate this, a case summary was conducted (see Annex 3) to view the correlation
between specific breeds categorized from 0 to 94 (coded in Annex 2), and different type of feedings
categorized as seen in table 1.
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The table in the annex shows, that most dogs were fed with dry food containing grains within
the first 4 ingredients (n=369, 24.93%) and barf (n=348, 23.51). The minority feeds their dogs with
a mixed diet of wet food and barf (n=11, 0.07%).
The applied chi-square test proofs with α > 0.05 (p = 0.087) that there is no significant
correlation between the breeds and the type of feeding present.
This allows to claim that the dataset is a randomized sample for further statistical evaluations
related with the type of feeding.
3.2.2 The correlation between the type of feeding and GDV
To investigate the correlation between the type of feeding and GDV a cross tabulation and a
Pearson's χ2 test was performed on the categorical variable "Type of feeding".
Table 4. The occurence of a GDV by the type of feeding
Type of
feeding (in
categories
from 1-12)

Occurrence of Gastric
Dilatation Volvulus

Total

yes

no

1

12 (7.06)

150 (11.39)

162

2

10 (5.88)

55 (4.18)

65

3

40 (23.53)

330 (25.06)

370

4

28 (16.47)

107 (8.12)

135

5

10 (5.88)

42 (3.19)

52

6

11 (6.47)

128 (9.72)

139

7

36 (21.18)

315 (23.92)

351

8

4 (2.35)

23 (1.75)

27

9

13 (7.65)

101(7.67)

114

10

4 (2.35)

44 (3.34)

48

11

2 (1.18)

9 (0.68)

11

12

0 (0)

13 (0.99)

13

Total

170

1317

1487

Notes: Cases are represented in n, (%). Own illustration.

The cross tabulation (Table 4) illustrates the types of feedings in relation to weather the dogs
that received the certain diet have experienced GDV or not.
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Figure 3. The share of dogs with and without GDV by food categories
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Notes: Own illustration.

The graph (Figure 3) shows the relation between the food categories and the occurrence of
GDV. When fed with food category 4 or 5, the share of dogs who had a GDV is higher compared to
those who had no GDV.
In category 4, dry food with fats and oils listed within the first 4 ingredients 16,47% (n=28) of
the dogs have experienced GDV. Only 8,12% (n=107) have not experienced GDV receiving this diet.
In category 5, a diet with different kinds of dry foods, 5,88% (n=10) have experienced GDV, and
only 3,19% (n=42) have not experienced GDV. Category 11 and 12 contain only a small amount of
data, therefore not being considered in this statistic.
Category 1 (dry food without oils/fats or grains within the first four labelled ingredients) is
showing the most favorable relation between GDV (7.4%, n= 12) and non- GDV cases (92.6%, n=
150).
Category 6 (mix of barf and dry food) and 7 (feeding barf only), as well show a higher number
of non- GDV cases compared to GDV cases.
A Pearson's chi squared test was performed to test for significant differences between the food
categories and the occurrence of GDV. The test result is statistically significant (p = 0.015).
Therefore, the type of feeding is significantly correlated with the occurrence of a GDV.
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3.2.3 The correlation between raised food bowls and GDV
To analyze the correlation between the feeding of large breed dogs with raised food bowls and
Gastric Dilatation Volvulus, a crosstabulation and a Pearson chi-square test were performed. The
analysis is performed on data of 1484 dogs, 3 missings have been recorded.
Table 5. Correlation between raised food bowls and GDV
Elevated food bowls
Total
Occurrence of GDV

no

yes

No

470 (90.59)

847 (87.77)

1317 (88.75)

Yes

49 (9.44)

118 (12.23)

167 (11.25)

Total

519 (34.97)

965 (65.03)

1484 (100)

Notes: Number of dogs in n (%). Own illustration.

Table 5 demonstrates, that most people of large breed dogs feed their dogs with raised food
bowls (n= 965, 65.03%). 12.23% of these dogs have had GDV, whereas 87.77% haven't suffered
from the condition.
Dogs being fed from floor-leveled food bowls have a slightly lower incidence of GDV (9.44%,
n=49) compared to dogs being fed from elevated food bowls (12.23%, n = 118).
The Pearson chi-square is rejecting the hypothesis with a two-sided asymptomatic significance
of p= 0,105.
Gastric Dilatation Volvulus is therefore not related with the height of food bowls.
3.2.4 The correlation between the gender of the dog and GDV
The aim was, to state weather the hypothesis, “the gender of the dog is correlated with the
occurrence of GDV“ is true or false.
To analyze this hypothesis, a cross tabulation (see annex 3) and a Pearson chi-square test were
performed.
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Figure 4. Share of dogs with and without a GDV by gender categories
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In figure 4 it is visible, that most GDV cases have been documented in intact males (44,1 %,
n= 75). Viewing the relation between intact and neutered animals, it does not occur to make a
difference, weather the animal has been neutered or not.
Intact males (44,1%, n=75) in this study are having a 2.2-fold higher incidence of GDV cases
than intact females (19,4%, n=33). Neutered males (20%, n= 34) are having a 1.2- fold higher
incidence of GDV than neutered females (16,5%, n=28).
The Pearson chi- square test defines that the hypothesis is false, rejecting it with a p-value of
0,127.
3.2.5 The correlation between the frequency of feeding and GDV
To proof this hypothesis, an independent sample test, the mean and standard deviation were
estimated. In the data set are 386 missing dogs for this question, leading to a number of 1101
participating dogs in this part of the study.
The dogs that haven't suffered from GDV (n=952) represent a mean of 2,11 feedings per day
with a standard deviation of 0,624. This shows, that 88,64 % of the dogs are being fed 2-3 times per
day.
The dogs that have been suffering from GDV (n=149) represent a mean of 2,21 feedings per
day with a standard deviation of 0,629.
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There is no significant difference in the frequency of feeding between diseased and healthy
animals. This is being proven by the T-test independent sample test with a two-tailed significance of
0,086. Therefore, the hypothesis is being rejected. There is no correlation between the frequency of
feeding and GDV.
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4 DISCUSSION OF RESULTS
The results demonstrate, that there was no significant relationship between the type of feedings
for certain breeds in this study. This is the initiating step to be able to conduct the following
conclusions. Barf and dry foods with grains within the first 4 listed ingredients are the most popular
diets for large- and giant breed dogs in this study.
To evaluate the correlation between the type of feeding and GDV, it is necessary to evaluate
the categories in relation with GDV and non-GDV cases.
According to this study a dog fed with dry food not containing oils/fats or grains within the first
four ingredients (category 1) is least likely to experience GDV. Dogs receiving a diet of barf (category
7), or a mix of barf and dry food (category 6), are also less likely to experience GDV.
It is however important to take into consideration that in category 6, it is not known what kind
of dry dog food the dogs have been receiving.
Food categories that are significantly linked to the occurrence of GDV in this study include the
feeding of dry food containing fats/oils and grains within the first four ingredients (category 4). The
same accounts for feeding the dogs with multiple different dry dog foods (category 5). Oils and fats
within the first four labeled ingredients not only lead to a higher risk for GDV in combination with
grains, but also show an increase of risk when being without grains within the first four labeled
ingredients (category 2).
Category 3 (dry foods containing grains within the first four labelled ingredients) demonstrates
a lower risk for GDV in comparison to oils and fats.
Therefore, we can conclude, that according to this study oils and fats within the first four
labelled dry food ingredients higher the risk for the occurrence of GDV.
A similar study has been conducted by Raghavan M, Glickman NW, Glickman LT on the
“effect of ingredients in dry dog foods on the risk of gastric dilatation volvulus” (38). The study
compared the influence of soy- or cereal based ingredients and oils and fats to GDV. They likewise
discovered that oils and fats seem to predispose GDV in high- risk dogs. (38)
This might be explained due to a slower digestion of fats compared to carbohydrates. (48)
According to a study by Hall JA. (49) fat is slowing down the emptying of the stomach content into
the duodenum. This may contribute to an enlargement of the stomach in the form of a chronic dilation.
Hence increasing its weight and stretching the gastrohepatic ligament, allowing the stomach to fully
or partially twist.
In this study it was however not considered, that fats and oils are also present in animal proteins,
as meats and meat bone meals. There was also not made a differentiation between different fat and

33

oils. Both, animal fats, as well as added oils within the first four labelled ingredients have been treated
equally in this study.
Furthermore, the study is based on temporal facts. It is not known, if the dogs received the diet
for a longer period of time, or if the owner just recently changed the dogs’ diet. Other factors
contributing to a possible falsification of the study is the exclusion of environmental factors. It would
be necessary to know, under which circumstances the dogs are receiving the given diet. The risk may
increase if the dog is anxious or fearful or being in a household with multiple animals and fed in
stressful situations.
The correlation of elevated food bowls and GDV has been rejected in this study. It is noticeable
in table 5, that dogs being fed from the floor- level have a slightly lower incidence of GDV than dogs
fed from elevated food bowls. Nevertheless, the result of the study is not significant with p = 0,105.
It is anyhow surprising, that most dog owners of large- to giant breed dogs (65.03%) seem to believe
in the profit of elevated food bowls.
There have been two previous studies made about the relation of raised food bowls to GDV.
(4) One study was conducted by Pipan et al., 2012 (35), the other one was conducted by Glickman in
2000 (34). None of these studies have proven a positive effect of elevated food bowls in regard to the
occurrence of GDV. (4)
The prospective cohort study of Glickman (2000) was the only study that found a significant
relationship between the height of the food bowl and GDV. He separated large breed dogs from giant
breed dogs and concluded, that large breed dogs have a higher risk for occurrence of GDV when fed
from a food bowl ≤ 30 centimeters and giant breed dogs increase their risk being fed from a food
bowl > 30 centimeters. (4)
The results of this study, combined with the results of previous studies allow us to state, that
food bowls at the floor-level may not decrease the risk of GDV, but it may also not contribute to a
higher risk. Therefore, feeding from a floor- level should be recommended to owners of breeds at
high risk for GDV. (4)
Seeing the relation between the gender of the dogs and GDV in figure 4, it is noticeable, that
there does not appear to be a difference in GDV and non- GDV cases between neutered animals,
toward intact animals. In conclusion the neutering of an animal will have no influence on the risk for
GDV.
In this study, intact females show to proportionally have a 2.2- fold lower incidence of GDV,
than intact male dogs. Nevertheless, the chi-square test rejects the hypothesis of the correlation
between the gender and GDV with p = 0,127.
The higher incidence of GDV in males seen in this study might be due to a higher number of
male dogs than female dogs participating in the study.
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A study by Glickman et al. (40) about breed- related risk factors for GDV received similar
results for the relation of the gender to GDV. The incidence for GDV was higher in males but has
also been rejected as not being significant. (40)
Further studies would need to be conducted to evaluate the significance of the gender of the
dog as risk factor for GDV.
To evaluate the correlation between the frequency of feedings per day and the risk for GDV,
the mean has been calculated for the dogs in which GDV has occurred, and for dogs in which no
GDV has occurred. The mean for GDV cases was 2.21, whereas the mean for non GDV cases, was
2.11. There is no display of a significant difference between the number of feedings per day. This has
been proven by the independent sample test.
A related study done by Glickman et al. (33) about diet- related risk factors with GDV, found
no significant relationship between the frequency of feeding and GDV. Anyhow, the study suggests
that the volume of feed, being fed at once is significantly related to GDV. (33)
This factor has not been taken into consideration in this study.
In order to receive more reliable results a more detailed study over a longer period of time
would need to be conducted. As GDV is most likely to be of multifactorial cause, it would be
necessary to include a bigger number of variables in this study.
Variables of interest for a more detailed study would be, whether the parents of the dog have
experienced GDV or not, the behavior of the dog, the environment the dog is living within, is it a
single dog in the family, or are multiple dogs living together. Furthermore, it would be relevant to
know how long the dog receives a certain diet, if there have been recent changes in the feeding, or if
significant stressful events have happened lately.
Moreover, the fact that the study was based on an online survey should not be disregarded. The
questions were on purpose not asked in a subjective manner, anyways we cannot proof the answers
to be according to the truth. To conduct a more relevant study, the participating dogs would need to
be evaluated by one person over a longer period of time. This though, is costly and time- consuming.
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5 CONCLUSIONS
1. The presence of oils and fats within the first four labelled ingredients in dry food
significantly contributes to an increased risk for the occurrence of GDV in large- and giant
breed dogs. p = 0.015
2. The feeding from elevated food bowls does not significantly increase the risk for GDV in
large- to giant breed dogs, therefore the recommendation should be to feed “at risk dogs”
from floor- level food bowls. This is not proven to reduce the risk, but there is also no
evidence that it may increase the risk for GDV. p = 0,105
3. The neutering of a dog has no influence on the risk for GDV. Further studies need to be
conducted to investigate the significance of the gender of the dog as a risk factor for GDV.
p = 0,127
4. There is no significant correlation between the frequency of feeding per day and the
occurrence of GDV. Two-tailed significance = 0,086
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ANNEXES
Annex 1: Questionnaire of survey
Questionnaire: Prevention of gastric dilatation volvulus:
1.

Breed (open question)

2.

Gender (intact male, intact female, castrated male, castrated female)

3.

Age (<1 year, 1-3 years, 4-6 years, 7-9 years, >10 years)

4.

Weight of your dog (open question)

5.

Brand and type of dog food being fed to your dog (open question)

6.

Does your dog have history with GDV? (yes, no)

7.

Was a gastropexy performed on your dog? (yes, no, I have never heard about it)

8.

Has there been any complications following gastropexy? (yes, no)

9.

What was the complication? (open question)

10. Why was the gastropexy done? (preventive, as a treatment due to GDV)
11. Do you feed your dog with raised food bowls? (yes, no)
12. How often do you feed your dog per day? (1 time, 2 times, 3 times, more than 3 times)
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Annex 2: Information about the representing dogs
Distribution of breeds

Figure 5: Distribution of breeds collected in the survey; Notes: Own illustration
In Figure 5 the distribution of prevalent breeds throughout the survey is visualized. Each
number is representing one breed, as seen in Table 6. Great Danes representing the largest amount
with 1013 participants.
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Coding for breeds

Number

1

Breed

Great Dane

Number

6

Breed

Akbash

Number

11

12

Breed

Basset Hound

Beauceron

Number

16

17

Breed

German
Shepherd mix

Number

Breed

2

Great Dane
mix

Border Collie

German
Shepherd

American

American

Australian

Australian

Bulldog

Bulldog mix

Bodeguero
Ratonero Andaluz

13

Bernese
Mountain Dog
18

Boerboel

Border Collie

Bullmastiff

27

28

29

30

Collie

Collie mix

34

35

Dalmatian

Doberman

Number

36

37

38

Cimarron
Uruguayo

English
Springer Spaniel

41

Ciobanese
Bucovinean

Flat Coated
Retriever

Dogo
Argentino

Galgo
Español

43

44

Greyhound

Groenendael

German Spitz

47

48

49

Hovawart

Husky mix

Irish Setter

53

54

Number

51

52

Breed

Kangal

Kangal mix

Number

56

57

Breed

Labrador

Number

61

Breed

Malinois mix

Number

66

Labrador
mix
62

Italian
Shepherd
67

Caucasian
Shepherd

English
Bulldog

39

42

46

Livestock

Dogue de
Bordeaux

20

Briard

Cuvac

Guarding Dog mix

19

Boxer mix

Breed

Breed

St. Bernard
mix

Boxer

33

Number

St. Bernard

15

25

32

Retriever

14

24

31

Golden

Shepherd mix

23

Number

Breed

Shepherd

22

Cane Corso

Number

Bloodhound
10

Breed

English

Mastiff
9

26

Boarhound

5

8

Number

Breed

4

7

21

mix

3

Caucasian
Shepherd mix

40

Karelian Bear
Dog
45

Hellenikos
Poimenikos
50

Irish
Wolfhound
55

Kuvasz

58

59

60

Leonberger

Malakli

Malinois

63

64

65

Mastiff
68

Mastin
Español
69

Mastin
Español mix
70
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Breed

Mioritic

Number

71

Breed

Newfoundland
mix

Number

Breed

76

Rhodesian
Ridgeback
81

Breed

Russian Terrier

Number

86

Number

Breed

mix
72

Pastor
mallorquin

Number

Breed

Mioritic

Scandinavian
Hound

Rhodesian

Sabueso

Swiss

91

Czechoslovakian
Wolfhound

73

74

75

Pyrenees
Mountain Dog

78

Giant
Schnauzer

Saluki

Rottweiler
84

Sarakatsanian
Shepherd

88

Tervueven
Dog

89

Tyrolean
Hound

92

93

Viszla

Weimaranian

Pyrenees
Mountain Dog Mix

79

83

87

Mountain Dog

Newfoundland

Italian

82

Español

Molosser

Shepherd mix

77

Ridgeback mix

Mix

80

Rottweiler
mix
85

Sarplaninac
90

Tosa Inu

94

White
Shepherd

Table 6: Coding for corresponding breeds; Notes: Own illustration
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Annex 3: Statistical results
The correlation between the type of feeding and GDV
Type of
feeding (in
categories
from 1-12)

Occurrence of Gastric
Dilatation Volvulus

Total

yes

no

1

12 (7,41)

150 (92,59)

162

2

10 (15,38)

55 (84,62)

65

3

40 (10,81)

330 (89,19)

370

4

28 (20,74)

107 (79,26)

135

5

10 (19,23)

42 (80,77)

52

6

11 (7,91)

128 (92,09)

139

7

36 (10,26)

315 (89,74)

351

8

4 (14,81)

23 (85,19)

27

9

13 (11,4)

101(88,6)

114

10

4 (8,33)

44 (91,67)

48

11

2 (18,18)

9 (81,82)

11

12

0 (0)

13 (100)

13

Total

170

1317

1487

Table 7: The correlation between the type of feeding and GDV, in n, (%). Own illustration.
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The correlation between the gender of the dog and GDV
Gender
Female
intact
Did
GDV occur

no

Count

Female
neutered

Male
neutered

496

257

223

1317

25.9 %

37.7 %

19.5 %

16.9 %

100.0 %

91.2 %

86.9 %

90.2 %

86.8 %

88.6 %

% of Total

22.9 %

33.4 %

17.3 %

15.0 %

88.6 %

Count

33

75

28

34

170

19.4 %

44.1 %

16.5 %

20.0 %

100.0 %

8.8 %

13.1 %

9.8 %

13.2 %

11.4 %

% of Total

2.2 %

5.0 %

1.9 %

2.3 %

11.4 %

Count

374

571

285

257

1487

25.2 %

38.4 %

19.2 %

17.3 %

100.0 %

100.0 %

100.0 %

100.0 %

100.0 %

100.0 %

25.2 %

38.4 %

19.2 %

17.3 %

100.0 %

% within
% within
gender

% within
GDV occurrence
% within
gender

Total

Male
intact

341

GDV occurrence

yes

Total

% within
GDV occurrence
% within
gender
% of Total

Table 8: Cross tabulation demonstrating the correlation of the gender of the dogs and GDV;
Notes: Own illustration.
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Annex 4: Chi- square tables and independent sample test
The correlation between the type of feeding and breeds

Asymptotic
Value

df

Significance (2sided)

Pearson
Chi-Square
Likelihood
Ratio

1023

0,087

.b

681,946

1023

1,000

.b

.b

Exact Test
Linear Association
N of Valid
Cases

Exact
Sig. (1-sided)

1084,955a

Fisher's
Linear-by-

Exact
Sig. (2-sided)

.b

28,816

1

0,000

.b

.b

1480

Table 9: Chi-square test:The correlation between the type of feeding and breeds; p-value =
0,087; Notes: Own illustration.
The correlation between different type of feedings and GDV
Asymptotic
Value

Pearson
Chi-Square
Likelihood
Ratio
Fisher's
Exact Test
Linear-byLinear Association
N of Valid
Cases

df

Exact

Significance (2-

Sig. (2-

Sig. (1-

sided)

sided)

sided)

23,524a

11

0,015

.b

22,971

11

0,018

.b

.b
,170c

Exact

Point
Probability

.b
1

0,680

0,681

0,347

0,011

1487

Table 10: Chi- square test. The correlation between different type of feedings and GDV; pvalue: 0,015; Notes: own illustration
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The correlation between elevated food bowls and GDV

Asymptotic
Value

df

Significance (2sided)

Pearson
Chi-Square
Continuity
Correctionb
Likelihood
Ratio

2,624a

1

0,105

2,353

1

0,125

2,689

1

0,101

Fisher's
Exact Test
Linear-byLinear Association
N of Valid
Cases

2,623c

1

0,105

Exact

Exact

Sig. (2-sided) Sig. (1-sided)

0,121

0,061

0,103

0,061

0,121

0,061

0,121

0,061

Point
Probability

0,019

1484

Table 11: Chi- square test: The correlation between elevated food bowls and GDV; p-value:
0,105; Notes: Own illustration.
The correlation between the gender and GDV

Asymptotic
Value

df

Significance (2sided)

Pearson
Chi-Square
Likelihood
Ratio
Fisher's
Exact Test
Linear-byLinear Association
N of Valid
Cases

Exact

Sig. (2-sided) Sig. (1-sided)

5,696a

3

0,127

0,127

5,817

3

0,121

0,123

5,715
1,309b

Exact

Point
Probability

0,125
1

0,252

0,266

0,135

0,016

1487

Table 12: Chi-square test: The correlation between the gender of the dog and GDV;
p- value = 0,127; Notes: own illustration.
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The correlation between the frequency of feeding per day and GDV
Levene's Test
for Equality of
Variances
F

How
many
feedings
per day

Equal
variances
assumed
Equal
variances
not
assumed

1,379

Sig.

0,241

t-test for Equality of Means
t

df

Sig. (2tailed)

Mean
Difference

Std. Error
Difference

95% Confidence
Interval of the
Difference
Lower
Upper

-1,720

1099

0,086

-0,095

0,055

-0,203

0,013

-1,709

196,309

0,089

-0,095

0,055

-0,204

0,015

Table 13: Independent samples test: The correlation between the frequency of feeding per day
and GDV; 2-tailed significance = 0,086; Notes: own illustration.
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