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Abstract
Background: In high-performance horses, it is reported that 50 to 90% have stomach disorders, especially
gastritis and gastric ulceration, which compromises both, athletic performances, and health status. This
work aims to stablish changes in gastric pH and gastrin hormone in horses submitted to general
inhalation anesthesia and in supine position, to determine the occurrence of duodenogastric and
gastroesophageal re�ux. Eight mares fasted for eight hours, subjected to inhaled anesthesia and in
supine position were monitored during the anesthetic period. Gastric pH, arterial blood gases and vital
signs data were recorded.

Results: In the post-anesthetic period, gastric pH was evaluated for 24 h, samples were collected at one-
hour intervals. In addition, blood samples were collected for gastrin hormone evaluation before the
anesthetic procedure (8-hour fast), during the anesthetic recovery period, and four months after the
anesthetic procedure, 90 minutes after the morning meal. Gastric pH during the anesthetic period
remained within physiological values (mean value 4.52 ± 1.69), without changes between times (p > 
0.05). After anesthesia, mean gastric pH values increased, remaining alkaline during the 24 h of
evaluation, differences between T0 (4.88±2.38), T5 (7.08±0.89), T8 (7,43±0,22), T9(7,28±0,36), T11
(7.26±0.71), T13 (6.74±0.90), and T17 (6.94±1.04) (p < 0.05) were observed. There was an increase in
gastrin hormone in the post-anesthetic period (20.15±7.65 pg/ml) compared to baseline (15.15±3.82
pg/ml) (p < 0.05).

Conclusions: The results obtained demonstrate that general inhalational anesthesia and dorsal decubitus
in horses, for 90 min, promotes gastric pH alkalinization for 24hours after anesthesia, possibly induced
by entero-gastric re�ux. Therefore, gastric mucosa protectors should be considered preventively when
horses are submitted to general anesthesia and supine.

Background
Equine gastric ulcer syndrome (EGUS) is considered a multifactorial syndrome, with prevalence between
53 to 93%, is mainly caused by stress, prolonged fasting, diet, nutritional quality, sports activity,
underlying diseases, drugs, among others [1]. Its occurrence is mainly in foals and athlete horses because
those are submitted to constant stress, intense training, and controlled feeding [2]. Signs of EGUS range
from mild to acute pain, with recurrent cramps, changes in attitude, decreased performance, constant
salivation, bruxism, Anorexia, weight loss, and could result in the horse's death [1]. The diagnosis can be
obtained through gastroscopy, when there is a suspicion of ulcerative esophagitis or gastric ulcer, as it is
possible to assess the severity and quantity of lesions and, thus, make a classi�cation of the condition
[3]. The physiopathology of gastroesophageal re�ux disease (GERD) and duodenogastric re�ux disease
observed in humans could be considered similar to the EGUS. These diseases are considered as chronic
diseases that affect 10 to 30% of the population in North America (19.8%), followed by Europe and the
Middle East with 15.2% and 14.4%, respectively, and East Asia with 5.2% [4]. It is caused by the re�ux of
acid from the stomach and bile �uid that combine and go over to the esophagus [6]. Most common
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clinical signs are regurgitation, dysphagia, dyspepsia, nausea, belching accompanied by acidity,
epigastric pain, hoarseness, sleep disturbances, weight loss, amongst others [5]. risk factors described are
intra-abdominal pressure such as (obesity, decubitus positioning, pregnancy), hiatal hernia, acid
hypersecretion (Zollinger-Ellison Syndrome), esophageal dysfunction (post-myotomy), and late gastric
emptying [3].

The diagnostic method for ERGE, and also for ERDG, is continuous pH measurement, which has excellent
sensitivity (77–100%) and speci�city (88–100%) [7]. For that, a pH meter is used, positioned in the lower
esophagus, close to the cardia, which performs a continuous pH reading, monitoring it for 24hours. This
test is the most indicated to know how long the gastric juice remains in contact with the esophageal
mucosa, measuring the pH peaks and relating them to the symptoms presented by the patient [8]. There
is also the measurement of the serum concentration of gastrin, the most principal hormone in gastric
physiology. That is mainly responsible for the increase in acid secretion in the stomach. Gastrin
concentrations are routinely measured by radioimmunoassay, evaluating variations with prolonged
fasting [9].

One of the medical recommendations for people with ERGE and ERDG is to tilt the bed 22° to avoid re�ux
when lying down [10]. In the meantime, there are no reports, so far, in the consulted literature, that assess
whether a horse once submitted to general inhalation anesthesia for surgical procedures, is subject to an
increase in intra-abdominal pressure, especially when in the supine position, that re�ects the occurrence
of gastroesophageal and enterogastric re�ux, and compromise the stomach and esophagus mucosa, and
promote the triggering of gastric and esophageal ulcerations and EGUS [11, 12]. This study aims to
evaluate changes in gastric pH and gastrin hormone in horses submitted to general inhalation anesthesia
and supine to verify the possible occurrence of duodenogastric and gastroesophageal re�ux.

Materials And Methods
Animals

Eight mares half-breed between 5 to 10 years and ranging from 300 to 500 kg were selected. The mares
were fed coast cross hay and water ad libitum and commercial horse concentrate. the horses belonged to
from the research facility clinical, surgery and rehabilitation research laboratory (LACCRE / ZMV). Horses
were clinically healthy according to physical evaluation, being considered healthy based on clinical and
laboratory tests. 

Ethical statement.

The study was carried out at the Veterinary Hospital of the University of São Paulo, all procedures were
conducted in accordance with the approved by the bioethics committee for the use of animals (CEUA), of
the University of São Paulo - Faculty of Animal Science and Food Engineering under protocol nº
1773270819. 
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Anesthetic protocol

After an 8-hour fast, the mares were prepared in the containment trunk were a clinical examination,
nasogastric probing, and a jugular vein trichotomy was performed. They were cannulated with a 14G
catheter for drug administration. The anesthetic protocol was performed as follows: pre-anesthetic
medication: detomidine (20 µg/kg-1 IV), followed by methadone (0.1 mg/kg-1 IV). Anesthetic induction:
10% ketamine (2 mg/kg-1 IV) and midazolam (0.1 mg/kg-1 IV) administered together. Maintenance
phase: 90 min, using iso�urane diluted in 100% oxygen, in addition to controlled ventilation for maintain
ETCO2 (35-45 mmHg), ventilator pressure (10 cmH2O), and an inspiration/expiration fraction ratio 1:2.
The oxygen volume was adjusted to 1 L/100 kg, iso�urane vaporization (1.5 MAC), and a positive end-
expiratory PEEP pressure of 5 cmH2O was adjusted. Mean arterial pressure was maintained between 60-
70 mmHg, using dobutamine infusion (5 µg/kg-1 IV).

Serum gastrin protocol and assay 

Before anesthetic procedure, mares were removed from the pasture and led to a stable, where they fasted
for 8h. After skin disinfection an 8-10 ml whole blood sample was collected by jugular venipuncture in
clot activator tubes (BD, Vacutainer systems, Plymouth, UK), blood samples were kept at refrigeration
temperature 4-8°C until processed in the laboratory. The blood samples were centrifuged during 15 min at
1,500 g, serum was separated with a micropipette and then stored in 2 ml tubes (Eppendorf) at -3°C until
analysis. Blood samples were collected at three moments, the �rst sample as mentioned above was to
determine the basal gastrin concentration. The second one was obtained after 90 min of general
anesthesia at the recovery room, after the mare was positioned in the lateral decubitus position. The last
sample was performed fourth months after anesthesia, 90 min after the morning feeding without any
prior fasting. Serum gastrin concentration was measured using a commercial available double antibody
radioimmuno-assay designed for human use (Diagnostics Clinical Analysis, DAC, Pirassununga, SP).

Gastric pH measurement

pH Calibration

Calibration of the digital pH meter (Gehaka - PG1800) was performed using buffer three solutions, a
neutral (6 - 8 pH), acidic (2 - 6 pH), and basic (8 - 20 pH) �xed solution to obtain a calibration certi�cate
speci�city above 95%. For pH measurement the pH meter requires the temperature assessment. In that
order, a thermometer probe in the device was immersed into the gastric juice sample together with the pH
meter electrode to obtain a precise pH value measurement. 

Gastric �uid collections and analysis 

A size 11 nasogastric tube with modi�ed tip to avoid obstructions was passed through the nasal
passages into the esophagus and stomach after the clinical examination. Then a thinner tube was
inserted inside the nasogastric tube to collect gastric juice samples assisted by a 60 ml syringe, the
method consisted of aspirating with the syringe and then lowering the tube to led the sample descend by
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gravity. The �rst aliquot (5 ml) of the gastric juice was discarded, and then the collection of 10 ml of
gastric content was performed, the sample was immediately analyzed to determine pH. The trans-
anesthetic period was divided into six samplings with intervals of 15 min, until 90 min were completed
(T15 - T90). Immediately after the recovery period (45±1,86 minutes), the sample collection and
measurement began each hour (T1) until 24 h, during those 24 h the mare was placed into an individual
stall where 1% of live weight concentrate was offered two times a day and coast cross hay and water
were available ad libitum.

Monitoring food and water intake

After the anesthetic recovery time, mares were driven to an individual stable; and 30 min later food was
offered. Mares were monitored for 24 h, and an observer record the water and food intake, the interest in
food or water, and the time that the animal spent feeding or drinking water. 

Statistical analysis

Data was analyzed using a statistical software (Stata V.14.0, StataCorp. College Station, TX, US). A visual
inspection of the data and the veri�cation of normal distribution of variables using Shapiro-Wilk test was
performed. To determine the difference between gastrin concentrations before and after anesthesia,
paired samples Student’s t-test or Wilcoxon test (according to data distribution) were performed using as
a reference value the gastrin obtained at T0. ANOVA or Kruskal Wallis tests and their post-hoc tests were
made to determine if there were differences between groups de�ned by time (T0, T30, T60, T75, and T90)
over each variable included in the study (gastric pH, arterial pH, PCo2 and PO2). In addition, the same test
was used to o determine if there was any relation between the gastric pH and the food and water
consumption. The statistical signi�cance of the all analyzes was considered as 95%, with an α = 0.05.

Results
In this study, the nasogastric tube was constantly repositioned due to its length, and marks were made in
the tube to preserve the collection points, although, minimal adjustments were done during the collection
process. Seven mares tolerated nasogastric tubes without di�culties during all the process, at night and
during feeding hours. However, one mare’s tube had to be withdrawn about 11 hours after start of the trial
due to evident gastric discomfort and pain.

Gastric pH

During anesthesia, the pH remained within physiological ranges (mean value 4.52 ± 1.69). There was no
changes in pH during the time of general anesthesia, and no correlation was observed between the time
of anesthesia and gastric pH (p = 0.05) The pH value of the samples obtained during anesthesia are
shown in (Fig. 1).

Gastric pH averages during post-anesthesia, samples collected at one-hour intervals for 24 hours (Fig. 2).
Average recorded alkaline gastric pH values above the physiological value for the species throughout the
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24 hours. Mean values above the physiological values for the species were observed, with signi�cant
differences throughout the 24 h post-anesthesia in T5, T8, T9, T11, T13, T17 relevant to T0 (p <0.05).

The mean pH values when mares consumed concentrate was 6.26±1.28, hay 6.71±1.38, or
water 6.58±1.17 during the 24 h of the post-anesthetic. Analyses show that water and hay did not
interfere with the pH values, while concentrate presented lower pH values after its consumption. These
�ndings could suggest that water and food consumption is not responsible for the alkalinization of
gastric pH observed (Table 1).

Serum Gastrin measuring

Serum gastrin concentrations in mares during evaluated at fast time, post-anesthesia, and at 90 min after
feeding, showed differences between the values at basal time post-anesthetic period (p < 0.03), while no
differences were observed between feed and post-anesthesia or fasted times (p > 0.05) (Fig. 3).

Discussion
It is currently known that the monitoring of intragastric pH in human medicine is commonly used in
hospital routine as a "gold-standard" tool for detecting changes in gastric physiology, diagnosis of
gastrointestinal diseases such as gastroesophageal re�ux (GERD), gastritis and disease by
duodenogastric re�ux [5, 10]. In equine medicine, research on the physiological intragastric environment
involves studies in nutrition, pharmacology, and sports medicine [3, 9, 13–16], but studies involving
general inhalational anesthesia while positioned at dorsal decubitus are unknown. This study is the �rst
to report post-anesthetic gastric alkalinization in horses over a 24 h period.

Gastroesophageal re�ux is a well-documented syndrome in human medicine [17, 18]. In veterinary
medicine, there are studies in small animal medicine reporting episodes of esophagitis, and esophageal
stenosis, due to the action of different drugs used in anesthesia, which have a relaxing effect on the lower
esophageal sphincter [19]. Cholinergic activation and anesthesia-induced vagal stimulation increases
hydrochloric acid production and contributes to reported esophageal adverse effects [20, 21]. On the other
hand, it was not veri�ed in the consulted literature, the correlation of the anesthetic procedure and supine
position in horses with the triggering or exacerbation of esophagitis, gastritis, or gastric ulcers.

General anesthesia and decubitus in horses are known to increase intra-abdominal pressure [22–24].
Lorenzo, Figueras & Merritt (2002)[14] demonstrated that the increase in intra-abdominal pressure in
horses can overcome the pressure of the lower esophageal sphincter, obeying Pascal's law, resulting in
episodes of gastroesophageal re�ux [25, 26]. Additionally, anesthetic drugs such as alpha-2 agonists,
including detomidine, benzodiazepines, including midazolam, as well as inhaled anesthetics, such as
iso�urane, promote relaxation of the esophageal smooth muscle, contributing to the occurrence of re�ux
of gastric contents into the esophagus in the transanesthetic period [27, 28]. It is noteworthy that, in this
study, the pH of the esophageal content at the time of re�ux was not evaluated, in order to detect the
presence only of gastric acid or, also, the presence of bile salts, if the re�ux occurred together
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duodenogastric. However, as there was no change in gastric pH in the trans-anesthetic period, it is
assumed that duodenogastric re�ux did not pass in this period.

The mean value of basal gastric pH, obtained after 8 h of fasting, re�ected importance within the limit
considered physiological for the species [20, 21, 29] and the mean values did not change over the 90
mins of general inhalational anesthesia and supine. On the other hand, after anesthetic recovery,
alkalinization of gastric contents was observed, which could be explained by the presence of
enterogastric re�ux due to changes in post-anesthetic gastrointestinal motility [15, 21, 30]. In this case,
the presence of bile salts would be responsible for the alkaline pH observed in post-anesthetic
evaluations. Although not performed in this study, the resulting analysis of gastric juice with pHmetry
would be interesting to demonstrate the presence and concentration of bile salts, diagnosing
duodenogastric re�ux [31–33].

It is reported that a disorder of gastric and duodenal motility results in an alkaline content in the stomach,
generating mixed re�ux (alkaline and acid) and greater exposure of the gastric mucosa to bile salts [34–
36]. Changes in intestinal motility in the post-anesthetic period may have a direct relationship with the
anesthetic protocol used. One of the side effects of detomidine is hypomotility, caused by presynaptic
inhibition of α2 receptors, reducing the release of noradrenaline and acetylcholine in the enteric plexus
[21]. The iso�urane used in this study during general inhalation anesthesia may also be responsible for a
reduction in postoperative gastrointestinal motility, as demonstrated in dogs after prolonged inhalation
anesthesia with sevo�urane, where there was a reduction in gastric and small bowel motility, with the
gradual return after 12 to 15 hours of the anesthetic procedure, while the time of gastric emptying
extended up to a period between 30 and 40 hours [37].

Furthermore, it was found that post-anesthetic water and hay consumption did not change gastric pH,
and concentrate consumption promoted acidi�cation, which is physiological, due to the change in saliva
production [38]. Thus, the continuous alkalinization of gastric pH observed in the 24hours post-anesthetic
cannot be correlated with food and water intake, which is possibly related to a post-anesthetic dysmotility
promoted by the anesthetic procedure.

The assessment of the concentration of the gastrin hormone has been used in the clinical routine of
horses for the diagnosis of gastric alterations and affections since this hormone provides information on
the increase in gastric stimulation and on the increase in the production of acid in the stomach. In this
study, there was no difference in the serum gastrin concentration about fasting or feeding the horses,
with values ranging from 15.15 ± 3.82 pg/ml when fasting and 19.28 ± 6.26 pg/ml after feeding. These
values are similar to those reported in the literature for the equine species, which range from less than
8pg/ml to 17.5 pg/ml during fasting [39–42]. However, after the procedure of general inhalation
anesthesia and supine position, an increase in mean gastrin values (20.15±7.65 pg/ml) was observed.
This elevation can be explained by the fact that, during general inhalational anesthesia, there is an
increase in pressure in the abdominal cavity generated by the supine position, exerting pressure on the
stomach, which results in stimulation of gastric mucosa G cells to production of gastrin [43]. In addition,
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the gastrin elevation observed in the immediate post-anesthetic moment may be due to the inhibition of
histamine and the acid response induced by gastrin, possibly correlated with the suppressive effects of
anesthetic drugs on parietal cells and enterochroma�n cells, increasing serum gastrin, but without
su�cient action to balance the acidity of gastric pH after anesthesia [44–46].

It´s known that the presence of gastroesophageal re�ux or gastric duodenum can be considered
physiological when transiently. However, when time is prolonged, this event is considered, pathological as
observed in this study during 24hours [21, 34, 43, 47]. Duodenal contents, speci�cally bile salts, can have
a more corrosive effect when mixed with acid in the gastric mucosa, are considered the primary cause of
alkaline gastritis. It´s observed that duodenogastric re�ux, in people, brings a signi�cant number of
lesions in the upper gastrointestinal tract, esophagitis, erythema, abdominal pain, gastric mucosal
hyperplasia, represented by histological changes of this mucosa [35, 36], in addition to changes in the
number of gastrin, somatostatin, and serotonin cells, which can result in chronic atrophic gastritis and
intestinal metaplasia [34, 48, 49]. In adult horses, duodenogastric re�ux has been shown to alter
electrolyte transport and induce the formation of erosions and ulcers in the strati�ed squamous gastric
mucosa, suggesting pathophysiological mechanisms similar to duodenogastric re�ux disease in
humans[47].

Equine gastric ulcer syndrome (EGUS) is commonly seen in the majority of the 80% - 90% horse
population[50–54], but underdiagnosed and often undiagnosed, generating important losses, both in
sports performance and in economic losses from treatments. According to the pH assessments in this
study, there is alkalinization of the gastric pH for 24hours after general inhalational anesthesia and
decubitus in horses, it´s relevant to consider the use of drugs that promote the protection of the gastric
mucosa in a preventive manner. [55, 56].

The use of drugs that protect the gastric mucosa, such as sucralfate, which binds to positively charged
proteins, forming a gel that adheres to the gastric mucosa, providing uniform protection against acid
attack, pepsin and bile salts. It presents interesting results in the mechanism of pepsin inhibition and has
bile salt chelating action, improving the increase in �broblast growth factors and inducing an increase in
prostaglandins in the mucosa, promoting the healing of gastric ulcers [10, 57, 58]. Also, alginates, being a
composition of sodium alginate, sodium bicarbonate, and calcium carbonate, form, when in contact with
gastric acid, an alginic acid gel �lm, with almost neutral pH, protective in the stomach and esophagus,
reducing the symptoms of gastroesophageal re�ux, and enterogastric [59]. Another therapeutic option in
the �rst 24hours after the anesthetic procedure would be the use of prokinetic drugs that stimulate
duodenal peristalsis, thus avoiding the presence of mixed content (bile salts and hydrochloric acid) in the
stomach, favoring the in�ammatory condition of the gastric mucosa [60–62]. Also, the association of
acupuncture as an integrative treatment may have favorable results, related to increased motilin, wave
stimulation of the migrating myoelectric complex and acceleration of time for gastric emptying [63, 64].

A limitation for this study was the absence of a gastroscope to carry out a continuous evaluation of the
stomach and esophagus to observe in real time the periods of re�ux. Moreover, the concomitant
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evaluation of gastric juice with pH measurement was not carried out to demonstrate the presence of salts
in the bile ducts, diagnosing duodenogastric re�ux.

Conclusions
General inhalation anesthesia and supine position do not change gastric pH in the trans-anesthetic period
but result in increased serum gastrin in the immediate post-anesthetic period and the post-anesthetic
alkalinization of gastric pH for 24 h.
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Figure 1

Average gastric pH (-•-) during of anesthesia (90 min) of eight mares. T: time of sampling in minutes. Red
lines represent physiological values.
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Figure 2

Gastric pH pro�les after general anesthesia for 24 h with free access to water, hay, and feed. T: time of
sampling in hours. - • - statistical difference between times (p = <0.05). Gray line represents the 95%
con�dence interval limits.
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Figure 3

Mean serum gastrin concentrations in fasting, post-anesthesia, and 90 min after feeding. Superscripts
with uncommon letters differ from each other with a signi�cance level (p < 0.03).
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