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Gastroesophageal reflux in anesthetized dogs: a review¤

Reflujo gastroesofágico en perros anestesiados: revisión de literatura
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Summary

Gastroesophageal reflux can be a catastrophic illness in small animals during anesthesia since its 
complications can cause serious pathologies, such as esophagitis, esophageal stenosis and aspiration pneumonia. 
With an incidence from 12 to 78.5% in anesthetized dogs, gastroesophageal reflux is normally silent during 
anesthesia and will be notices only if regurgitation occurs and stomach acid is present in the nasal or oral 
cavities. In humans, gastroesophageal reflux disease (GERD) is a well-defined pathology where the lower 
esophageal sphincter has a sustained weakness. However, in dogs, gastroesophageal reflux disease as such 
is not well established, if at all; it has only been described as gastroesophagic reflux, occurring principally 
in anesthetized animals. There are several factors influencing the presentation of reflux in anesthetized dogs, 
which may be inherent to the patient (e.g. age, sex, breed, weight, or body condition), medications used prior 
to and during anesthesia, type of surgery or position of the animal during surgery. The objective of this review 
is to discuss a series of conditions that could predispose dogs to gastroesophageal reflux during anesthesia and 
to assist in the prevention and diagnosis of this condition.

Keywords: anesthesia, aspiration pneumonia, canine, esophagitis . 
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Resumen

El reflujo gastroesofágico durante la anestesia puede ser una entidad catastrófica en la clínica de pequeñas 
especies, ya que sus complicaciones derivan en entidades realmente graves como esofagitis, estenosis esofágica 
y neumonía por aspiración. Con una incidencia del 12 al 78.5% en perros anestesiados, el reflujo gastroesofágico 
durante la anestesia es generalmente silencioso y sólo se observa cuando existe regurgitación y el reflujo pasa 
a cavidad oral o nasal.  En el humano, la enfermedad por reflujo gastroesofágico (ERGE) es una patología 
bien definida, donde el esfínter esofágico inferior presenta una debilidad sostenida. Sin embargo, en el perro 
esta enfermedad como tal no está bien establecida, si acaso se describe el reflujo gastroesofágico, que ocurre 
principalmente en animales anestesiados. Existen diversos factores que influyen en la presentación del reflujo 
en los perros anestesiados. Estos pueden ser inherentes al paciente (por ejemplo: edad, sexo, raza, peso o 
condición corporal), a medicamentos utilizados previamente y durante la anestesia, al tipo de cirugía o a la 
posición del animal durante la cirugía. El objetivo de esta revisión es discutir una guía de las condiciones que 
predisponen a la aparición de reflujo gastroesofágico durante la anestesia en perros con el fin de facilitar el 
diagnóstico y la prevención de esta condición.

Palabras	clave: anestesia, canino, esofagitis, neumonía por aspiración .

Resumo

O refluxo gastroesofágico durante a anestesia pode ser uma entidade catastrófica na clínica de pequenas 
espécies, já que suas complicações resultam em entidades realmente graves, como esofagite, estenose esofágica 
e pneumonia por aspiração. O refluxo gastroesofágico em cães anestesiados é geralmente silencioso, com 
uma incidência de 12 até 78.5% e só é observada quando há regurgitação e o refluxo passa até a cavidade 
oral ou nasal. Nos humanos, a doença pelo refluxo gastroesofágico (ERGE) é uma patologia bem definida, 
onde o esfíncter esofágico inferior apresenta uma debilidade continua. Porém, esta doença em cães não está 
bem estabelecida, pelo qual só se descreve o refluxo gastroesofágico, que ocorre principalmente em animais 
anestesiados. Existem diversos fatores que influenciam na apresentação do refluxo em cães anestesiados. Estes 
podem ser inerentes ao paciente (por exemplo: idade, sexo, raça, peso ou condição corporal), a medicamentos 
utilizados previamente e durante a anestesia, ao tipo de cirurgia ou a posição do animal durante a cirurgia. O 
objetivo da revisão foi discutir uma guia das condições que predispõem à aparição de refluxo gastroesofágico 
durante a anestesia em cães com o fim de facilitar o diagnóstico e a prevenção dessa condição.

Palavras	chave: anestesia, cão, esofagite, pneumonia por aspiração.

Gastroesophageal	reflux	in	dogs

In dogs, esophagitis can be caused by a variety 
of reasons, such as ingestion of caustic substances 
(including prescribed medications), chronic 
vomiting, muscular diseases, improper placement 
of feeding tubes, tumors, or gastroesophagic reflux 
(GER; Willard, 2004). Hiatal hernias cause GER in 
some breeds, such the Shar-Pei, however, anesthesia 
is the most common, worrisome and probably 
thoroughly studied cause of GER in dogs (Willard, 
2004; Glazer and Walter, 2008). Most of the drugs 
used during anesthesia, such as pre-anesthetics 
(sedatives or tranquilizers) or anesthetics have the 
ability to relax the lower esophageal sphincter (LES), 
allowing the passage of gastric contents into the 
esophagus (Wilson et al ., 2005; Wilson et al ., 2006; 
Wilson et al ., 2007).

In animals, primary gastroesophageal reflux disease 
(GERD) has been reported in cats (Han et al ., 2003); 
however, it is not well established in dogs. Some of 
the characteristics of the etiology, pathophysiology, 
and treatments of GERD in humans can be applied to 
GER during anesthesia in dogs. The anatomy, defense 
mechanisms and relaxation factors of the LES serve as 
a basis to the understanding of GER during anesthesia, 
which is why we will discuss some aspects of human 
GERD in this review (Jergens, 2004; Vlasin et al ., 2004).

The LES plays an important role in the anatomy 
of the digestive tract, preventing gastroesophageal 
reflux. There are various correlated factors that allow 
the LES to work efficiently as an anti-reflux barrier 
(Miller et al ., 2009; Hyun and Bak, 2011); a) muscle 
layers around the esophagus and diaphragmatic crura; 
b) the acute angle formed at the union between the 
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esophagus and the cardia of the stomach (a flap valve); 
c) the closure produced by the esophageal mucosal 
folds when the esophagus is collapsed; and d) the 
intra-abdominal portion of the esophagus.

Any alteration in these mechanisms will cause 
reflux in dogs, subsequently producing damage in 
the esophageal mucosa and causing esophagitis. The 
damage to the esophageal mucosa can be attributed 
to the prolonged contact with gastric acid, pepsin, 
bile salts, and trypsin. Chronic esophagitis can cause 
esophageal stenosis due to damage of the submucosa 
and muscular layers, which form an intraluminal 
fibrosis that causes scarring (Gualtieri, 2005). In 
general, it is assumed that GER precedes esophagitis, 
though other factors must be considered since not all 
dogs with GER will necessarily develop esophagitis 
(Wilson and Walshaw, 2004). The factors that 
determine the development of esophagitis after an 
episode of GER in small animals are similar to those 
found in humans: a) incompetence of the antireflux 
system; b) acidity and type of enzymes present in the 
gastric content in contact with the mucosa; c) self 
cleaning ability of the esophagus; and d) resistance 
of the esophageal mucosa. However, such factors 
studied in humans are not well defined in domestic 
animals (Pratschke et al ., 1998). The pH of the gastric 
content, along with the length of time that it was in 
contact with the mucosa can be a triggering factor for 
esophagitis. In dogs, it has been demonstrated that a 
pH of less than 2.5 sustained for 20 minutes or more is 
capable of producing severe damage to the esophageal 
mucosa (Wilson and Walshaw, 2004).

Gastroesophageal	reflux	during	anesthesia

During anesthesia, GER (Figure 1) occurs when 
the reflux pH falls below 4.0 (gastric acid reflux) 
or increases above 7.5 (bile reflux) for 30 seconds or 
more (Wilson et al ., 2005). GER during anesthesia has 
been correlated with various factors, including the type 
of surgery, patient position and the pre-anesthetic and 
anesthetic drugs administered. There have also been 
studies regarding how to prevent GER during anesthesia 
in small animals (Strombeck and Harrold, 1985; 
Roush et al ., 1990; Galatos and Raptopoulos, 1995a, 
1995b; Raptopoulus and Galatos, 1997; Chacon, 1998; 
Raptopoulus and Savvas, 2004; Rodríguez, 2010). Also, 

during anesthesia there is a reduction of peristalsis and 
a lack of saliva that neutralizes acid pH, contributing to 
the development of esophagitis (Jergens, 2004).

Figure 1. Endoscopic image of an anesthetized dog indicating 
reflux esophagitis (arrow).

It is possible that animals presenting GER during 
anesthesia had an existing problem of the cardia, 
predisposing them to reflux, especially with the use of 
medications that relax the LES (Vlasin et al ., 2004). 
In order for GER to occur in dogs, three defense 
components must fail: a) an external mechanism 
formed by the diaphragmatic crura that wraps like 
a sling around the abdominal esophagus augments 
sphincteric pressure during inspiration; b) an internal 
mechanism constituted by the intrinsic muscle of 
the distal portion of the esophageal wall; and c) the 
circular muscle fibers of the stomach. The internal 
component of the esophagus is considered the first line 
of defense against gastric reflux. When intragastric 
pressure exceeds the internal components of the LES, 
the external components take over, providing the next 
level of protection (Brasseur et al ., 2007).

Influence	 of	 the	 type	 of	 surgery	 on	GER	 in	
anesthetized	dogs

It is difficult to establish which type of surgery 
causes more reflux during anesthesia. It has been 
found that abdominal surgeries predispose to a 
higher incidence of reflux because of an increase in 
the intra-abdominal pressure. Uterine surgery, on the 
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other hand, is described as the most common cause 
of GER in dogs (Galatos and Raptopoulos, 1995b). 
Recent findings showed that gastrointestinal surgery, 
diagnostic imaging procedures, or a combination of 
both during the same anesthetic procedure increase 
the risk of regurgitation. It is possible that a change 
in the depth of the anesthesia, patient handling, and 
changes in body position may cause GER (García et 
al ., 2013). However, another study has shown that 
GER occurred in 13% of anesthetized dogs, none of 
which had undergone abdominal surgery (Rodríguez, 
2010). It is also described that placing the dog in the 
Trendelenburg position (head down) predisposes to 
reflux. This position is used when the viscera requires 
cranial movement. Patients that have undergone 
previous surgery also show a higher incidence of GER 
(Galatos and Raptopoulos, 1995a,b). Other studies 
have reported that dogs that undergo orthopedic 
surgery have a higher risk of presenting GER during 
anesthesia (Rodríguez, 2010, Lamata et al ., 2012).

Influence	of	sex	on	GER	in	anesthetized	dogs

It could be possible that the high number of 
females with GER during surgery of the reproductive 
system is due to the high number of interventions 
performed in small animal clinics, but other factors 
must be considered. For example, in humans, it is 
the elevation of progesterone and not the pressure 
of the fetus that causes reflux in pregnant women. In 
the same way it has been described that in female dogs 
progesterone and estrogen cause the LES to relax, 
which predisposes to reflux (Nilsson et al ., 2003). 
Another study showed that postoperative benign 
esophageal stricture developed in hysterectomized 
dogs should probably not be attributed to the effects 
of increased concentrations of female sex steroid 
hormones. In that study, animals were evaluated under 
the influence of different concentrations of endogenous 
progesterone and estradiol-concentrations, and were 
premedicated with acepromazine and thiopental 
and maintained with halothane. Lower esophageal 
pH was monitored continuously for 1 hour after 
induction, and GER was detected in only one animal 
(Anagnostou et al ., 2009). In another recent study 
on anesthetized dogs, none of the dogs with GER 
had undergone an ovariohysterectomy, concluding 
that neither gender, nor hormones, was an important 

factor in the predisposition to GER during anesthesia 
(Rodríguez, 2010).

Influence	of	breed,	body	condition,	and	age	on	
GER	during	anesthesia

Among all dog breeds, it has been found that 
Poodles commonly present this problem (Wilson et 
al ., 2004, Rodríguez, 2010). Another study reported 
that Labrador Retrievers and German Shepherds 
presented more reflux during anesthesia than controls 
(Lamata et al ., 2012).

A relationship between chronic obstructive 
respiratory syndrome and GER has been observed 
in dogs (Lecoindre and Richard, 2004; Poncet et 
al ., 2005). This is possibly because an anomalous 
inspiratory effort might induce an abnormally low 
negative intrathoracic pressure that could worsen 
or even induce GER. Endoscopic examination of 
the upper digestive tract in 30 dogs with chronic 
obstructive respiratory syndrome showed that 
25 of these dogs presented reflux esophagitis in 
different stages (Lecoindre and Richard, 2004). 
However, brachycephalic dogs predisposed to chronic 
obstructive respiratory syndrome are not predisposed 
to GER during anesthesia.

A study showed that the abdominal esophagus has 
different lengths depending on the breed (Pratschke, 
2004).  In that study, the esophagus in most of the 
Greyhounds and Beagles was contained entirely 
within the thoracic cavity such that no portion 
of the esophagus could be subject to abdominal 
pressure, which is likely associated with GERD 
(Pratschke et al ., 2004). If this is true, then it could 
be possible that Poodles, Labrador Retrievers and 
German Shepherds also have a short abdominal 
esophagus, predisposing them to reflux, though this 
has not been proven. The position and segment of the 
terminal esophagus within the abdominal cavity in 
dogs are very important. This portion of abdominal 
esophagus acts as a reflux barrier according to the 
law of LaPlace. This law stipulates that the pressure 
inside a hollow viscus is inversely proportional to its 
radius. The esophageal radius is consistently shorter 
than the gastric radius. Consequently, when both 
are exposed simultaneously to the positive intra-
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abdominal pressure, the pressure within the segment 
of abdominal esophagus always exceeds the internal 
gastric pressure, which helps prevent GER (Pratschke 
et al ., 2004).  It has been documented that dogs 
regurgitate as a normal physiological event (Patrikios 
et al ., 1986).  Interestingly, in this species a consistent 
and identifiable abdominal esophagus has not been 
documented. In contrast, the rat, a species with a 
separation of the high pressure anti-reflux barrier in 
two distinct regions with a clear abdominal esophagus 
(Soto et al ., 1997), does not have the ability to vomit 
and the phenomenon of GER has not been observed 
in this species (Pratschke et al ., 2004).  To elucidate 
this higher predisposition to GER during anesthesia, 
additional studies similar to that of Pratschke’s should 
be conducted to address the conformation of LES in 
other breeds.

One study showed that there was no significant 
association between GER and body weight (Wilson 
et al ., 2005).  In addition, other research showed that 
76.92% of the patients that presented GER during 
anesthesia had a normal body condition, while 
23.08% were underweight and 0% were obese; there 
was an increase of GER in large breed dogs (33 kg 
to 49 kg; Rodríguez, 2010). Similarly, another study 
shows that dogs weighting more than 40 kg are more 
likely to present passive regurgitation (Lamata et al ., 
2012). There is very little veterinary literature on this 
issue; however, there have been studies regarding 
the role of obesity and the risk of GER in humans 
during anesthesia (Zacchi et al ., 1991; Esquide et al ., 
2004; Freid, 2005; de Leon et al ., 2010). In human 
anesthesia, it has been proven that the combination of a 
high intra-abdominal pressure, a high volume of gastric 
content with a low pH, delayed gastric emptying and 
a high incidence of hiatal hernias would put an obese 
patient at higher risk of GER (Zacchi et al ., 1991). In 
addition, anesthetized obese patients are more likely 
to present Mendelson’s syndrome. This is a chemical 
pneumonitis characterized by a bronchopulmonary 
reaction after aspiration of gastric contents during 
general anesthesia (Kamalipour et al ., 2012).

A mechanism called barrier pressure (BrP) assists 
in avoiding aspiration during anesthesia. The BrP 
is the difference between LES pressure and gastric 
pressure. This gradient should always be positive 
and works as a barrier between the stomach and 

esophagus (de León et al ., 2010). In a study that 
compared the pressures of the LES and BrP with 
high-resolution solid-state manometry in obese and 
non-obese patients, both pressures decreased in 
both types of patients during induction of anesthesia 
with remifentanil. In obese patients, the BrP was 
significantly lower, but it still remained positive in all 
patients (de León et al ., 2010). However, other studies 
state that the pressure gradient between the stomach 
and the LES is similar between obese and non-obese 
patients in different surgical positions (Esquide et 
al ., 2004; Freid, 2005). The low relationship between 
humans with GER and obesity was proven in a 
study (n = 44) in which seven obese patients were 
anesthetized and only one developed GER. GER did, 
however, develop in five out of 37 non-obese patients 
(Illing et al ., 1992). Even though obesity itself has no 
influence in the presentation of GER, it does create an 
intra-abdominal condition that favors reflux when the 
gastroesophageal barrier is weakened (Zacchi, 1991). 
A human study of 256 fasted surgical patients found 
that in comparison to obese patients, lean patients that 
underwent anesthesia had a larger amount of gastric 
content with a lower pH (Harter et al ., 1998). It has 
been described that a higher acid stomach content 
will predispose the patient to reflux and aspiration 
pneumonitis during anesthesia (Schreiner, 1998; 
Ng and Smith, 2001). In dogs, Rodríguez (2010) 
described a high incidence of GER in thinner animals 
that were anesthetized. Unfortunately, the results 
of different studies addressing the relation of GER 
and body condition of dogs are not conclusive. This 
condition is presented in both lean and obese dogs; 
however, it seems to be more common in large dogs, 
regardless of their corporal condition. Therefore, it 
would be important for future research to establish a 
correlation between dogs’ body condition, pressure 
of the LES, development of GER during anesthesia, 
and GER.

Few studies have correlated the age of anaesthetized 
patients and the development of GER or aspiration 
pneumonia in veterinary medicine. In some studies, no 
correlation was found between an increase in patient 
age and the risk of GER (Wilson et al ., 2005; Lamata 
et al ., 2012; García et al ., 2013). Nevertheless, in a 
study performed in 270 dogs divided randomly in 
groups according to age (2 to 5 months, 6 months to 
9 years, and 10 to 15 years) geriatric canine patients 
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had a higher risk of developing GER during anesthesia 
and their stomach content was more acidic in the case 
of reflux (Galatos and Raptopoulos, 1995b). Similarly, 
Rodríguez (2010) found that the majority of reflux 
during anesthesia occurred in older dogs. At present, 
there is no explanation for low gastric pH in dogs or 
humans; also, previous studies in humans failed to 
establish significant changes in acid secretion (Pilotto 
et al ., 1994; Franceschi et al ., 2009).  On the other 
hand, evidence shows that elderly human patients 
have an increased pH in the stomach content, but their 
stomach shows a delay in gastric emptying, which 
could possibly increase the potential of GER during 
anesthesia (Livingstone, 2003). However, in human 
anesthesia, children are considered to have a higher 
risk of developing GER and aspiration pneumonia 
during anesthesia (Alvarez y Reyes, 2009). This is 
because most of them have a liquid stomach content 
of more than 4 mL/kg at the time of anesthesia, with a 
pH of less than two, regardless of the fasting interval 
(Maekawa et al ., 1998). In relation to this, a meta-
analysis concluded that children who preoperatively 

fluid fasted for more than six hours benefit in terms 
of intraoperative gastric volume and pH when 
compared to children permitted unlimited fluids up 
to two hours preoperatively (Brady et al ., 2009). In 
veterinary anesthesia, the presence of liquid in the 
stomach of puppies has not been described. It would 
be of interest to take measurements of the quantity 
and pH of liquid stomach content during anesthesia 
to establish if puppies are more likely to present GER 
and pneumonia aspiration during anesthesia.

Influence	 of	 different	 drugs	 on	 GER	 in	
anesthetized	dogs

Several pre-anesthetic and anesthetic drugs, such 
as atropine, diazepam, acepromazine, diazepam, 
xylazine, morphine, halothane, and isoflurane can 
lead to GER by decreasing the tone of the LES (Kim 
et al ., 1977; Strombeck and Harrold, 1985; Cox et al ., 
1988; Hashim and Waterman, 1993; Tournadre et 
al ., 1998; Kohjitani et al ., 2003; Epstein and Swirsky, 
2009; Tables 1 and 2).

Table 1. Effect of several drugs on the gastroesophageal reflux (GER).

Drug Effect Author

Halothane, isoflurane, and sevoflurane, using 
acepromazine and morphine as pre-anesthetics.

14.44% GER occurrence during 
anesthesia

Wilson et al., 2005; Wilson et al., 2006

Induced with propofol and thiopental Higher incidence of GER during 
anesthesia

Raptopoulos and Galatos, 1997

Meperidine 55% decrease in the risk of 
developing GER

Wilson et al., 2007; Rodríguez, 2010

Meperidine-acepromazine 27% decrease in the risk of 
developing GER

Wilson et al., 2007

Meperidine-propofol-halothane 50% of patients developed GER Galatos and Raptopoulos, 1997

Morphine used as an anesthetic Increases GER risk Wilson et al., 2006; Wilson et al., 2007

Morphine-tiopental-isoflurane 55% GER incidence Wilson et al., 2005; Wilson et al., 2006

Non used atropine 13% GER prevalence Rodríguez, 2010

Pentobarbital-halothane 16.3% to 17.4% GER incidence Galatos and Raptopoulos, 1995a.

Pentobarbital-halothane-meperidine 10% GER incidence Galatos and Raptopoulos, 1995b

Used atropine routinely 25% GER prevalence Chacon, 1998
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Table 2. Actions of anesthetics on the lower esophageal sphincter (LES).

Drug Action Author

Acepromazine, diazepam, narcotics, 
xylazine, and other anticholinergics 

Depress LES tone Kim et al., 1977; Tournadre et al., 1998; 
Kohjitanni et al., 2003

Atropine Avoids loss of LES tone Raptopoulos and Galatos, 1997

Atropine anesthetized human, cats, and 
dogs

Reduces LES tone Strombeck and Harrold, 1985; Hashim and 
Waterman, 1991; Tutian, 2010

Ketamine Reduces LES pressure by inhibiting 
the non-adrenergic non-cholinergic 

receptors.

Kohjitani et al., 2005

Ketamine and midazolam Produce LES muscles relaxation in 
rabbits by acting upon different NANC 

neurotransmitters

Kohjitani et al., 2005

Morphine used as an anesthetic Decreases LES muscle tone Wilson et al., 2006; Wilson et al., 2007

It can avoid spontaneous LES 
relaxation

Penagini and Bianchi, 1997

Morphine used subcutaneously Increases LES pressure Kraichely et al., 2010

Propofol Diminishes LES pressure Raptopoulos and Galatos, 1997

Ranitidine Increases LES tone when 
administrated before anesthesia

Raptopoulos and Galatos, 1997

It has been shown that atropine is one of the 
drugs that reduce the tone of the LES in anesthetized 
humans, cats and dogs, thereby predisposing them to 
reflux (Strombeck and Harrold, 1985; Tutian, 2010). 
In spite of this, atropine—as well as glycopyrrolate—
does not lower the pH of the esophagus or the stomach 
when used as a pre-anesthetic in dogs (Roush et al ., 
1990). The increase in the possibility of producing 
GER with atropine during anesthesia was confirmed in 
two different studies completed in the same veterinary 
hospital with comparable groups of anesthetized 
animals, and by similar anesthetic protocol. When 
atropine was used routinely, GER prevalence was 
25% (Chacon, 1998) versus 13% when atropine 
was not used (Rodríguez, 2010).

In humans, diazepam has the ability to significantly 
lower LES pressure. In the human LES, diazepam 
could act as a smooth muscle relaxant since myogenic 
influences have been implicated in the control of 
LES pressure (Rushnak and Leevy, 1980). However, 
although dogs have striated muscle fibers in the 
muscle layer, Hall et al . (1987) reported that diazepam 
decreased LES pressure in this species.

Reports on acepromazine and its effect on GER 
in anesthetized dogs are inconsistent. For example, 
Lamata et al . (2012) found no association between the 
administration of acepromazine and the probability 
of a GER episode occurring. However, García et al . 
(2013) mentioned that the risk of GER was significantly 
lower in dogs premedicated with acepromazine in 
combination with an opioid in comparison to patients 
administered medetomidine alone. This reduction 
of GER in anesthetized dogs may occur because 
acepromazine causes a decrease in BrP compared to 
other drugs (Hashim and Waterman, 1993).

At present, controversy exists as to whether 
morphine may relax or increase LES tone. Morphine 
produces emesis when used as a pre-anesthetic. 
Vomit alone does not determine the possibility of 
GER during anesthesia, but it is well documented that 
morphine, when used as pre-anesthetic, increases the 
risk of GER (Wilson et al ., 2005) since it decreases 
muscle tone in the LES (Mittal and McCallum, 1986). 
However, Penagini, and Bianchi (1997) stated that 
morphine might inhibit the spontaneous relaxation 
of LES. Another study claims that morphine increases 
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LES pressure when used subcutaneously (Kraichely 
et al ., 2010). A recent study found no association 
between the use of opioid drugs and GER incidence 
in anesthetized dogs, although opioids were not 
individually analyzed (García et al ., 2013). Therefore, 
it is difficult to establish whether this drug predisposes 
to GER during anesthesia.

In dogs, pre-anesthetic meperidine has been 
associated with a reduction in the absolute risk of 
developing GER. Galatos and Raptopoulos (1995ab) 
anesthetized dogs with pentobarbital-halothane or 
with a combination of pentobarbital-halothane-
meperidine. The group that received meperidine 
had lower GER incidence (10%) in comparison to 
the group that did not receive meperidine (16.3% 
to 17.4%). Wilson et al . (2008) demonstrated that 
administration of pre-anesthetic meperidine was 
associated with a 29% reduction in the absolute risk 
of GER in comparison to morphine.

Contractility of the LES is one of the factors that 
prevent regurgitation during anesthesia. Various 
hormones and neurotransmitters regulate this 
contractibility. It is known that non-adrenergic and non-
cholinergic (NANC) nerves regulate gastrointestinal 
peristalsis and relaxation mechanisms of the LES. 
NANC inhibitory nerves are responsible for most 
nerve induced relaxations of the gastrointestinal 
sphincteric muscle.  Ketamine and midazolam produce 
a relaxation of LES muscles in rabbits by acting upon 
different NANC neurotransmitters (Kohjitani et al ., 
2005). N-methyl D-aspartate (NMDA) antagonists 
like ketamine can act differently depending on the 
region of the gastrointestinal tract where they are 
exerting its function or where they are located, and 
the species. It has been well established that ketamine 
reduces LES pressure by inhibiting non-adrenergic 
non-cholinergic receptors (Kohjitani et al ., 2005).

Several induction agents are used in small animal 
anesthesia; two of the most common inducers are 
propofol and thiopental. Raptopoulos and Galatos 
(1997) showed that dogs induced with propofol had 
higher GER incidence during anesthesia than those 
induced with thiopental. It is believed that this is 
because propofol diminishes LES pressure. Although 
further research is needed to elucidate all the potential 
effects of anesthesia inductors on GER, thiopental 

should be used as an induction agent in patients with 
high risk of GER in anesthesia, considering aspects 
such as breed, body weight (> 40 kg), patient position 
and orthopedic surgery.

Other researchers reported 55% GER incidence using 
a morphine-thiopental-isoflurane protocol (Wilson et 
al ., 2005; Wilson et al ., 2006a). Wilson et al . (2007) 
compared the number of dogs that presented GER 
when using only meperidine, morphine, or meperidine-
acepromazine. They found that the dogs that received 
meperidine alone had a 55% decrease in the risk 
of developing GER and the group with meperdine-
acepromazine had a 27% decrease. Similar results 
were obtained in recent studies, where meperidine 
proved to be the drug less likely to induce GER in these 
patients (Rodríguez, 2010). Meperidine may reduce 
the possibility of GER in dogs. However, according to 
Wilson et al . (2005), it does not produce high quality 
sedation. Therefore, it is not useful to include it in 
the anesthetic protocol when GER prevention during 
anesthesia is desired (Wilson et al ., 2005).

It must also be taken into consideration that 
halothane, nitric oxide, and sodium pentothal inhibit 
the transient relaxation of the esophageal sphincter 
(Cox et al ., 1988). 14.44% of dogs anesthetized with 
halothane, isoflurane, and sevoflurane, and using 
acepromazine and morphine as pre-anesthetics, 
presented GER during anesthesia. This was attributed 
to acepromazine, since it decreases muscle tone of 
the LES and does not avoid morphine-induced vomit. 
Maintaining anesthesia with halothane, isoflurane, 
and sevoflurane did not have an influence on GER 
development during surgery (Wilson et al ., 2005; 
Wilson et al ., 2006; Lamata et al ., 2012; García et 
al ., 2013).

Influence	 of	patient	position	on	GER	during	
anesthesia

There have been several studies in both human 
and veterinary surgery about the effect of patient 
position during surgery and the development of GER. 
For example, when dogs are positioned in ventral 
recumbency they present a reduction of barrier 
pressure in the LES during anesthesia (Pratschke 
et al ., 2001). However, Galatos and Raptopoulos 
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(1995b) mentioned that only the heavier patients 
placed in this position presented high incidence of 
reflux during anesthesia, and that patient weight 
showed no influence on reflux development when 
using other surgical positions. Furthermore, according 
to Favarato et al . (2011), decubitus position is not a 
predisposing factor of GER in anesthetized dogs.

A reduction of pressure of the LES in patients 
in ventral recumbency has been demonstrated by 
Pratschke et al . (2001) by placing deep-chested 
dogs on a flat, hard surface, and observing that 
thorax anatomy becomes distorted, particularly the 
diaphragm. This occurs as a result of the pressure 
placed on the sternum when the weight of the 
animal is in a vertical position, since body weight is 
normally supported by all four limbs (Pratschke et 
al ., 2001). Similarly, this diaphragmatic distortion 
occurs in heavy dogs (Lamata et al ., 2012). Since 
the diaphragm is vital in maintaining the pressure 
of the LES, the distortion created by the weight of 
the dog on the surgical table is an important part of 
the reduced protection by tone loss (Pratschke et al ., 
2001). However, Rodríguez (2010) reported that 
most patients that developed GER during anesthesia 
had been placed in right lateral recumbency. This 
is most likely because the right crus is larger and 
longer than the left; then, if the dog is placed in right 
lateral recumbency on top of a hard and flat surface, 
its weight will prevent the right crus from working 
adequately, favoring the appearance of reflux. 

Preventing	GER	during	anesthesia

The consequences of GER are not only dangerous, 
but also difficult to treat. It is better to prevent GER 
from occurring during anesthesia, and in the event that 
it does develop, the damage must be minimized (Ng 
and Smith, 2001). In humans, the methods utilized to 
decrease GER incidence and severity of the injuries 
consists of managing the amount of gastric content 
via fasting, decreasing its pH, and taking measures to 
maintain an adequate tone of the LES (Ng and Smith, 
2001). In a review about physiological aspects of 
GER and aspiration in anesthetized patients, it was 
determined that total fasting (nil per os/NPO) is not 
the most suitable recommendation to decrease GER 
incidence. This is because patients with 24 hours of 

fasting produce more HCl with a more acidic pH. 
Adult patients can drink clear liquids up to three 
hours before anesthesia since this does not increase 
the risk of reflux. A minimum of five hours is required 
to evacuate a light meal, but more than nine hours are 
needed for a heavy meal (Ng and Smith, 2001).

In children, the minimum fasting time required 
of clear liquids (water, fruit juice without pulp, 
carbonated drinks, tea, and dextrose) to have an 
adequate gastric emptying without any digestive 
problems was two to six hours (López-Muñoz et al ., 
2002; Maharaj, 2009).

Prolonged fasting, generally starting the night before 
surgery, was traditionally recommended in veterinary 
medicine, though this practice has changed. Now it is 
recommended that adult dogs solid-food fast for five 
to ten hours and they may have access to water up to 
two to three hours before anesthesia (Raptopoulos and 
Galatos, 1997; Raptopoulos and Savas, 2004; Muir et 
al ., 2007; Savas and Raptopoulos, 2009; Epstein and 
Swirsky, 2009). It has been proven that a fasting period 
of more than 18 hours decreases LES tone in anesthetized 
dogs, therefore favoring GER development (Galatos and 
Raptopoulos, 1995a).

Although oral antacids in gel form have proven 
effective for increasing the pH of gastric content, it is not 
advisable to use them before anesthesia since they can 
have fatal consequences if aspiration occurs. In humans, 
water-soluble antacids, such as sodium bicarbonate, can 
also lower the stomach pH without presenting this danger 
(Sánchez, 2002); however, safety and potential damage 
to respiratory system—in case of bronchoaspiration—
have not been established in dogs.

Studies evaluating GER in anesthetized humans 
and dogs have focused on the use of prokinetics 
and medications to reduce gastric acidity to 
prevent reflux (Wilson et al ., 2006b; Panti et al ., 
2009; Favarato et al ., 2012). In humans, it is also 
known that drugs that decrease hydrochloric acid 
production in the stomach, such as ranitidine and 
omeprazole increase pH and gastric fluids during 
surgery and therefore decrease the risk of developing 
Mendelson’s syndrome (Grümberg, 2003; Moro, 
2004). However, Tamhankar et al . (2004) reported 
that oral administration of omeprazole every 12 h 
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for 7 days did not decrease GER. Esomeprazole 
is the proton pump inhibitor studied in dogs; dogs 
that received IV esomeprazole (1 mg/kg) alone in 
a prospective randomized placebo-controlled study 
presented significant increase in gastric and esophageal 
pH, but the drug did not significantly decrease GER 
frequency; however, combination of esomeprazole 
(1 mg/kg) and cisapride (1 mg/kg) IV was associated 
with significant decrease of reflux in anaesthetized 
dogs (Zacuto et al ., 2012). Ranitidine has been used 
in dogs to reduce GER during anesthesia, but results 
vary. According to some reports, ranitidine increased 
LES tone when administered before anesthesia; and 
it prevented tone loss of the LES when used before 
atropine (Raptopoulos and Galatos, 1997; Harter et 
al ., 1998; Burrows, 2006). It is important to consider 
that ranitidine has no effect on LES tone when it 
is administered after atropine (Harter et al ., 1998); 
however, according to recent findings ranitidine 
does not reduce GER when administered to dogs as 
an intravenous bolus at a dose of 2 mg/kg 6 h before 
anesthesia (Favarato et al ., 2012).

In regard to prokinetics used in human anesthesiology 
to prevent GER during anesthesia, it has been proven that 
administration of 200 mg erythromycin before surgery 
increases the stomach pH. This is due to the stimulation 
of motilin receptors that reduce gastrin levels (Anderson, 
2010). Wilson et al . (2006b) showed that a low dose of 
metoclopramide did not have a significant effect on GER 
incidence in dogs; however, a high dose (bolus loading 
dose of 1 mg/kg, IV, followed by continuous infusion at 
a rate of 1 mg/kg/h) reduced the relative risk to develop 
GER in 54%. 

Conclusion

Occurrence of GER during anesthesia is a 
relatively frequent problem and a risk factor for 
further complications, such as aspiration pneumonia, 
esophagitis and esophageal strictures. The main 
factors involved include: Poodle patients, position 
(Trendelenburg or right lateral recumbence), 
orthopedic surgeries utilizing atropine and morphine 
as preanesthetics, and the use of propofol as an 
induction agent. A complete pre-surgery clinical 
history will also help to identify any existing digestive 
and/or esophageal disease, which may increase the 

risk of developing GER. Proper monitoring, along 
with the administration of certain drugs, such as 
prokinetics and proton pump inhibitors, can diminish 
GER occurrence. Further studies are needed to 
establish preventive protocols during anesthetic 
procedures. Studies in humans have rendered a 
guide for pathophysiologic and epidemiologic 
considerations, symptom evaluation, diagnostic 
workup, medical therapy and surgical therapy for 
GERD. Studies on other triggering factors, in addition 
to their management and prevention, are also needed. 
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