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Summary: Gastric impactions are an uncommon cause of colic in horses, although they appear to occur more often in Friesians. The ad-
ministration of cola via nasogastric tube to resolve impactions has been described, but the efficacy of this freatment has not been reported.
The aim of the study was to compare the success of treatment of gastric impactions with and without the use of cola and to determine whether
Friesians are more often affected by gastric impactions than other breeds. For this retrospective descriptive case series, patient records were
refrieved (2003-2019) and 125 horses with gastric impactions identified. The outcome, defined as discharge from the hospital, was compared
between horses that were treated with cola and those that were not. The percentage of Friesians in the group of horses with gastric impactions
was compared to that in the population admitted to our clinic and treatment success in Friesians was compared to that in other breeds. Overall
72/125 (57.6%) horses with gastric impactions were discharged from the hospital, but the likelihood of survival was significantly greater for
horses treated with cola (48/58 =82.8% vs. 24/67 =35.8%, P <0.001). In 66 cases in which the impaction was resolved an estimate was
made of the number of days taken for this to occur. The average time until resolution was 2.6 days (range 1-11). Of the 125 horses with gast-
ric impactions 39 (31.2%) were Friesians, a significantly higher percentage than in our hospital population (9.4 %, P <0.001). Also, Friesians
treated with cola were less likely to survive (12/18 = 66.7 %) than other breeds (36/40 =90%, P=0.03). In conclusion, gastric impactions in
horses are more likely to be resolved when treatment includes the nasogastric administration of cola. Friesian horses are more likely to develop

gastric impactions than other breeds and less likely to survive.
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Introduction

Gastric impaction is a rare and poorly defined disease in
horses and ponies, characterised by persistent and progres-
sive accumulation of dehydrated ingesta in the stomach (Free-
man 2011, Bird et al. 2012). A plant-based concretion can
also be referred to as a phytobezoar (Naramore et al. 2015,
Livesey et al. 2020). These impactions can be either primary
or secondary in nature, although the distinction is not always
clear and this classification is somewhat controversial, as it is
often not possible to rule out all possible primary causes (Bird
et al. 2012). Similarly, Tallon et al. (2020) distinguished lone
gastric impactions and those associated with other gastroin-
testinal (GI) disturbances, such as grass sickness, strangulat-
ing obstructions, peritonitis and ileus, but indicate that it is
very hard to diagnose lone Gl definitively without additional
diagnostics, such as exploratory laparotomy. Rapid eating,
overeating, poor dentition, improper mastication, feed that
swells or forms a coagulum after consumption, coarse rough-
age, high fibre diets and inadequate water consumption are
considered to play a role in the development of gastric im-
pactions (Boswinkel et al. 2007, Sutton 2014, Sanchez 2018,
Livesey et al. 2020). Foreign bodies and indigestible objects
can also cause a gastric impaction but almost never occur
in horses. A very specific cause of gastric impaction is the
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consumption of persimmon fruits, as reported in parts of the
United States of America (Cummings et al. 1997, Kellam et
al. 2000, Rodriguez-Hurtado et al. 2007). Liver or pancreat-
ic disease is thought to play a role in some cases of gastric
impaction (Freeman 2011, Parker et al. 2011, Yamout et al.
2012) and issues with gastric motility or secretion may also
contribute (Freeman 2011, Vainio et al. 2011). In one case,
mild vagal fibre loss was found in an unspecified region of the
stomach wall, associated with inflammatory changes (Klier et
al. 2017). Schusser et al. (2000) found muscular hypertrophy
and reduced neuron density in horses with chronic recurrent
caecal impactions, and a similar mechanism could play a role
in the formation of gastric impactions. Neurological dysfunc-
tion was also listed by Mdller et al. (1995) as a possible con-
tributing factor and acquired or congenital obstruction and
stenosis or polyps of the pylorus have been reported as me-
chanical impairments to gastric emptying (McGill and Bolton
1984, Church and Baker 1986, Venner 2004, Bezdekova
and Hanak 2009, Furness et al. 2013). Gradual enlargement
of the stomach after chronic dilatation might affect motility
(Maller et al. 1995, Scheideman and Huthmann 2011, Beck-
er et al. 2017, Klier et al. 2017). However, the origin of an
impaction cannot always be determined and an underlying
cause often remains uncertain, even if post-mortem examina-
tion is performed (Klier et al. 2017).
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There are few data with regard to breed predisposition. Some
older reports suggest that ponies are most commonly affected
(Jones et al. 1972, Honnas and Schumacher 1985, Owen et
al. 1987 Rodriguez-Hurtado et al. 2007), whereas in more
recent publications the majority of cases occurred in horses
and only 0-10% in ponies (Vainio et al. 2011, Bird et al.,
Bauerlein et al. 2019). However, progressive gastric dilata-
tion and aggregation of feed components along the major
curvature have been described specifically in Friesian hors-
es, in which breed a primary neurological dysfunction was
suspected (Sutton 2014). Winfield and Dechant (2015) also
indicated that Friesians were over-represented, compared to
their normal clinic population, in a study on primary stomach
ruptures, although Friesians only comprised 3/47 cases, as
were draught horses. In the case of Friesians, they suspected
that this may have been due to increased pain tolerance, mo-
tility dysfunction or underlying tissue defects, factors which are
also likely to play a role in the development and diagnosis of
gastric impaction.

Gastric impactions may be acute or chronic and the clinical
signs associated with the condition are often subtle and/or
non-specific, especially to start with (Huskamp et al. 2000,
Steinberg et al. 2007, Vainio et al. 2011, Stroth and Belz
2014), and difficult to diagnose (Scheidemann and Huth-
mann 2011). In many cases a diagnosis is only made once
the impaction has reached an advanced stage (Klier et al.
2017). The most commonly reported signs associated with
gastric impaction are anorexia, weight loss, emaciation, (re-
current) colic signs and sometimes foul-smelling eructation
(Bird et al. 2012, Bduerlein et al. 2019, Sanchez 2018).
Other, less common, symptoms include lethargy and pyrexia
(Vainio et al. 2011, Bguerlein et al. 2019).

The clinical presentation and history may lead to a suspicion
of gastric impaction. This suspicion may be supported by
finding a full stomach on gastroscopy, following a normally
adequate fast of 18-24 hours (Sanchez 2018). There does
not appear to be a consensus regarding the required period
of fasting, with suggestions ranging from 12-24 hours (Lester
2004, Vainio et al. 2011, Bird et al. 2012, Sanchez 2018).
Also, there may be natural variation among horses in the time
required for gastric emptying (Freeman 2011), which is also
influenced by diet (Boswinkel et al. 2007). Many horses with
a gastric impaction demonstrate colic and they may under-
go exploratory laparotomy, during which impaction can be
detected by palpation of the stomach. Transcutaneous ultra-
sonographic examination is a non-invasive, simple and rapid
method of detecting gastric dilatation (Lores et al. 2007,
Scheidemann and Huthmann 2011, Klier et al. 2017). In the
case of gastric emptying disorders, hyperechogenic material
is present within the stomach, which produces an acoustic
shadow in the lumen (Reef 1998). The acoustic window for
the stomach is between the 8" and 15" intercostal space,
covering not more than five intercostal spaces (Scharner
2011, Cavalleri et al. 2013). When diagnosing chronic dil-
atation, gastric dimensions are reported across at least five
intercostal spaces (Reef 1998, Stroth and Belz 2014). To con-
fidently identify delayed gastric emptying, repeated ultrasono-
graphic examinations are recommended (Reef 1998, Klier et
al. 2017). In ponies and miniature horses, abdominal radio-
graphs may allow detection of the enlarged stomach (San-
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chez 2018) and in rare cases a diagnosis of gastric impaction
can be made by rectal examination, especially if the stomach
contains more than 30-35 litres (Hutyra et al. 1945, Miller
1995, Huskamp et al. 2003, Klier et al. 2017, Béuerlein et al.
2019). Finally, post-mortem examination may reveal gastric
impaction and evidence of potential underlying causes can
be investigated, although these are not always found (Klier et

al. 2017).

If horses with gastric impaction show colic, pain management
should be instituted and the impaction can sometimes be
resolved by gastric lavage via nasogastric tube, using large
volumes of fluid (Vainio et al. 2011, Bird et al. 2012). Alter-
natively, fluid may be injected into the impaction, to soften it,
during laparotomy (Bird et al. 2012). Successful treatment by
gastrotomy and evacuation of the gastric contents has been
reported, although access to the stomach is challenging and
carries a high risk of contaminating the abdominal cavity and
the subsequent development of peritonitis (Owen et al. 1987,
Freeman 2011). Prokinetic drugs, including metoclopramide,
have also been used in the treatment of (chronic) cases of
gastric dilatation (Béuerlein et al. 2019).

Cola was first reported for the treatment of gastric bezoars
in humans, administered either through a nasogastric tube
(Ladas et al. 2002) or by direct infusion into the bezoar un-
der endoscopic guidance (Sechopoulos et al. 2004). Cola,
or other carbonated beverages, are now commonly used in
human patients to disintegrate gastric and intestinal phyto-
bezoars and diospyrobezoars (Chung et al. 2006, Lee et al.
2006, Ladas et al. 2013, Iwamuro et al. 2015), with gastric
phytobezoar resolution using carbonated beverages being
achieved in 91.3% of cases in human patients, either as a
single treatment, or combined with further endoscopic tech-
niques (Ladas et al. 2013). Livesey et al. (2020) reported
the successful freatment of an oesophageal obstruction in a
horse by a phytobezoar using cola, which has also been used
successfully to break up gastric and enteric diospyrobezoars
in horses caused by persimmon fruits (Rodriguez-Hurtado et
al. 2007, Banse et al. 2011). Bird et al. (2012) also used
diet cola in some cases of gastric impaction. The authors are
aware of only one study that investigated the use of cola to
treat (primary) gastric impactions in horses in a large case
series (Tallon et al. 2020).

The prognosis of gastric impaction, especially chronic cases,
is considered poor by some, with 16/17 horses being eutha-
nized in one study (Scheidemann and Huthmann 2011) and
only 5/12 cases treated successfully as reported in another
paper (Bird et al. 2012). Maller et al. (1995), on the other
hand, suggested that patients with chronic gastric dilatation
could tolerate and live with limited chronic enlargement and
Bguerlein et al. (2019) reported that 17/20 cases of chronic
gastric dilation survived long-term when treated with meto-
clopramide per os, including three cases in which the stom-
ach was never completely empty. Vainio et al. (2011) found a
similar survival rate (18/20 horses), while results reported by
Tallon et al. (2020) are slightly less favourable, with 68/113
(60%) horses with gastric impaction surviving to discharge.

In the present study the findings of 125 equids with a gas-
tric impaction are presented, with particular emphasis on the
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breed, presenting complaint(s), selected clinical and clinico-
pathological parameters, treatment and outcome. Specific
aims of the study were to determine if Friesian horses were
over-represented, and if treatment with cola was associated
with higher survival.

Materials and methods

The clinical records of horses presenting to Utrecht Univer-
sity’s equine clinic between 2003 and 2019 were reviewed
to identify cases of gastric impaction. A diagnosis of gastric
impaction was based on gastroscopy, exploratory celiotomy,
abdominal ultrasonography, rectal palpation, post-mortem
examination, or a combination thereof. Gastroscopy was per-
formed using a flexible, 3.2m long video endoscope from
Storz Company (Tuttlingen, Germany) and the stomach con-
sidered to be impacted if food material precluded visualisa-
tion of the margo plicatus (Fig. 1), following a minimum of

Fig. 1 Gastroscopic image of a gastric impaction, with a mass
of feed material precluding visualisation of the majority of the stom-
ach, including the margo plicatus. | Gastroskopisches Bild einer
Magenobstipation, mit fehlender Sicht auf den Hauptteil des Magens
einschlieBlich der Margo plicatus aufgrund von Futtermassen.

Fig. 2  Post-mortem photograph of a ruptured, impacted stom-
ach, showing the firm feed mass and the rupture, with haemorrhage,

of the stomach wall. |  Post-mortem Foto eines rupturierten, obs-
tipierten Magens mit fester Futtermasse und Ruptur mit Blutung der
Magenwand.
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16 hours of starvation (Vainio et al. 2011). The diagnosis was
made at surgery if an abnormally enlarged stomach, con-
taining a firm impaction and extending to, or beyond, the last
rib, was palpated (Bird et al. 2012). Similarly, impaction of
the stomach was confirmed by post-mortem examination if a
large and firm food mass was present (Fig. 2) and no other
abnormalities of the gastrointestinal tract were identified (Klier
et al. 2017). The ultrasonographic appearance of a gastric
impaction is of a markedly distended stomach, extending over
5 or more infercostal spaces on the left side of the abdomen,
often far beyond the 12" intercostal space and even to the
lumbar fossa (Reef 1998, Lores et al. 2007). In extreme cas-
es the distended stomach may contact the ventral abdominal
wall (Maller et al. 1995) and can be imaged there. On rare
occasions an impaction of the stomach was palpated per rec-
tum as a large, firm structure, extending caudally to the level
of the left kidney, usually with the spleen displaced medially
and/or caudally (Bguerlein et al. 2019). Cases were includ-
ed if the gastric impaction was considered to determine the
case outcome. Horses with gastric impaction considered to be
secondary to intestinal obstruction were excluded, but cases
where gastric impactions were considered to have occurred
independently of other intestinal diseases were included.

Horses were fasted until the impaction was considered to have
been resolved, based on one or more diagnostic criteria as
described above, and the number of days between diagnosis
and resolution of the impaction were recorded. In other cases,
resolution of the impaction was not confirmed, but reintro-
duction to feed was initiated based on the findings of clinical
examination and the general demeanour of the horse.

The signalment (breed, age, sex), history, presenting signs,
clinical and clinicopathological findings, treatment and out-
come were recorded. Specifically, the use of cola, as part of
the freatment regimen was recorded. Given the refrospective
nature of the study, the volume and frequency of cola ad-
ministration could not be accurately determined in all cases,
and these data were not included. However, in our clinic most
large adult horses that are treated with cola for a gastric im-
paction receive approximately 1.5 to 2.0 L, roughly 3-4 mL/
kg, at a time. Whether or not and how often this is repeated
depends on the estimated severity of the impaction and the
results of the follow-up gastroscopy. Survival was defined as
discharge from the hospital.

Data were analysed using commercial software (SPSS version
26, IBM). Normality of data was assessed and data found to
be normally distributed, either directly (white blood cell count,
age) or after log transformation (heart rate, haematocrit,
lactate and glucose). Differences in heart rate, haematocrit,
white blood cell (WBC) count, blood lactate and glucose con-
centrations between survivors and non-survivors were tested
using a 2-sided t-test. Differences in the percentage of cases
with fever and leukopenia between survivors and non-survi-
vors was assessed using a chi-squared test. A P-value <0.05
was considered significant.

The percentage of Friesian horses presented to the internal
medicine section of the Equine department was recorded for
2019 and compared to the percentage of Friesians with gas-
tric impactions using a chi-squared test. In addition, the mean
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age of Friesian horses was compared to that of Warmblood
horses and other horse breeds, also using a 2-sided t-test.
The outcome (survival to discharge) was compared between
horses that were treated with cola and those that were not,
and treatment success in Friesians was compared to that in
other breeds, both with and without the use of cola, also using
a chi-squared test.

Results

Between 2003 and 2019, 125 horses, ponies and donkeys
were identified with a gastric impaction. Of these 125 cases,
50 (40%) were Warmbloods, 39 (31%) Friesians, 13 (10%)
ponies, 8 (6 %) Haflinger horses, 3 (2%) donkeys and 12 (10 %)
other horse breeds, including one Irish Cob and one Fjord
horse. The percentage of Friesians with a gastric impaction
was significantly higher than the percentage of Friesian hors-
es presented to the internal medicine section of our hospital
(9.4%, P<0.001). Warmblood horses comprise the majority
of the normal population in our clinic and were not over-rep-
resented in this study. The mean age of the Friesian horses with
a gastric impaction (n=40) was 9.2 years, and significantly
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(p=0.0003) lower than Warmbloods (n =48, mean age 12.0
years) and other breeds (n =34, mean age 14.1 years).

The most common presenting complaints were colic, anorexia,
dullness and fever (Table 1). Other signs were weight loss, diar-
rhoea, dyspnoea, dysphagia, a distended abdomen and shock.

The heart rate, haematocrit and blood lactate concentration
on admission were significantly higher in non-survivors than in
survivors (Table 2). The mean blood glucose concentration of
all cases was 7.6 mmol/L (reference range 3.8-5.6 mmol/L),
but there was no difference between survivors and non-survi-
vors. There was no difference in WBC count or body tempera-
ture between survivors and non-survivors and no difference
in the number of horses with leukopenia or fever between
groups. In total, 38/125 (30%) horses had leukopenia
(WBC < 6 x 107/1), 22/72 (31 %) survivors and 16/53 (30%)
non-survivors. Sixteen of 103 (16 %) cases had fever, 8/66
(12%) survivors and 8/37 (22 %) non-survivors.

Overall, 72/125 (57.6 %) horses with gastric impactions were
discharged from the hospital, but the likelihood of survival
was significantly greater for horses treated with cola, com-
pared to those not treated with cola (48/58=82.8% vs.
24/67 =35.8%, P<0.001). Also, Friesian horses treated
with cola were less likely to survive (12/18 = 66.7 %) than oth-
er breeds when they received cola (36/40=90%, P=0.03).
In horses that survived the mean time to resolution of the gas-
tric impaction was 2.6 days (range 1-11 days).

Long-term follow-up was not available for the vast majority
of cases, but gastric impaction recurred in at least two cases,
7 and 45 days after discharge, and another horse was eu-
thanised 3 days after discharge because of recurring colic,
although another gastric impaction was not confirmed.

Discussion

The percentage of Friesian horses with gastric impactions was
higher than in the population of horses presented to the in-
ternal medicine division, indicating that they are more likely
to develop gastric impactions than other breeds. Friesians,

Table 1 Frequency of symptoms shown by horses with gastric im-
paction. |  Symptomhéufigkeit von Pferden mit Magenobstipation.
Symptom Number of horses showing symptom
Colic 105

Anorexia 16

Dullness 16

Fever 12

Diarrhoea 3

Weight loss 3

Dysphagia 1

Dyspnea 1

Distended abdomen 1

Shock 1

Table 2

Selected clinical and clinicopathological variables on admission in 125 horses with gastric impaction, for all cases, survivors and non-

survivors. Values are presented as mean (heart rate, rectal temperature, blood glucose concentration white blood cell count, haematocrit and blood

lactate concentration) or number of cases (%, fever and leukopenia).

indicates a significant difference between survivors and non-survivors. |

Ausgewdhlte klinische und klinisch-pathologische Variablen bei Klinikeinweisung von 125 Pferden mit Magenobstipationen, fir alle Félle, Gberlebende
und nichtiberlebende Pferde. Werte sind dargestellt als Mittelwert (Herzfrequenz, Kérperinnentemperatur, Blutglukosekonzentration mit weiflem Diffe-
renzialblutbild, H&matokrit und Laktatkonzentration im Blut) oder Anzahl der Félle (%, Fieber und Leukopenie). *Indiziert einen signifikanten Unterschied

zwischen Uberlebenden und nichtiberlebenden Pferden.

All cases Survivors Non-survivors ref range
Heart rate (bpm) 53 48 59* 24-40
Rectal temperature (°C) 38.0 37.9 38.1 37.4-38.0
Fever (> 38.5°C) 16/103 (16%) 8/66 (12%) 8/37 (22%) N/A
Blood glucose concentration (mmol/L) 7.6 7.2 8.0 3.8-5.6
White blood cell count (x 10%/L) 7.5 7.8 7.2 6.0-10.0
Leukopenia (WBC < 6 x 10%/L) 38/125 (30%) 22/72 (31 %) 16/53 (30%) N/A
Haematocrit (L/L) 0.37 0.34 0.41* 0.28-0.42
Blood lactate concentration (mmol/L) 3.1 2.0 4.7 <12
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Haflinger horses, Irish Cobs and Fjord horses are often con-
sidered to be cold-blooded, or draught horses and these all
appear to be over-represented in this case series of gastric
impactions. The 20 cases of gastric impactions reported by
Vainio et al. (2011) included a relatively large number (6) of
Finnhorses, which are considered to be light draught hors-
es. Friesians and draught horses were also over-represented
in a study on primary gastric ruptures (Winfield and Dechant
2015) and some of these may have suffered an impaction
prior to rupture of the stomach. Friesians have previously
been shown to be prone to mega-oesophagus (Komine et
al. 2014, Ploeg et al. 2015) and aortic rupture (Saey et al.
2016), which appear to be associated with the presence of
abnormal collagen and possibly elastin (Ploeg et al. 2015,
Saey et al. 2016), and they also appear to have a higher rate
of collagen degradation than Warmbloods (Saey et al. 2018).
It is conceivable that a similar collagen disorder exists in the
stomach of Friesian horses and that this contributes to the
occurrence of gastric impactions.

Chronic gastric impaction and dilatation was described by
Hutyra et al. (1945) and causes a gradual adaptation, en-
largement, of the stomach (Scheidemann and Huthmann
2011, Becker et al. 2017). Impaction can result from exces-
sive feed intake or feed that swells after ingestion, but also
from innervation disorders (Mdller et al. 1995). If the impac-
tion occurs acutely, the sudden distension is likely to cause
pain or discomfort. However, if the increase in size occurs
over a longer period of time pain is likely to be less severe or
absent, as the stomach can adapt. Also, as the stomach di-
lates further over time, this in itself is likely to affect motility, as
the muscular layer becomes thinner and fibrous tissue may re-
place muscle (Klier et al. 2017) and nervous innervation may
also be compromised (Muller et al. 1995). It is conceivable
that such changes may occur more readily in Friesian horses,
due to their abnormal collagen and elastin composition and
higher rate of collagen degradation (Ploeg et al. 2015, Saey
et al. 2016, Saey et al. 2018).

The presenting signs shown by the horses in the present
case series were similar to those reported previously, and
most commonly horses exhibited colic, often mild and re-
current. As reported by others (Huskamp et al. 2000, Vain-
io et al. 2011, Bird et al. 2012) signs were often subtle,
which complicates and/or delays reaching a diagnosis and
signs may have been present for some time in a number of
horses at the time of presentation. Friesians and draught
horses are considered particularly stoic breeds and may
not show colic until pain is severe (Winfield and Dechant
2015). Colic in cases of gastric impaction is likely due to
stretching and distension of the stomach, although even
extreme gastric filling may be associated with minimal signs
in some horses (Huskamp et al. 2000). Anorexia seems
a logical consequence of gastric distension. Gastric im-
paction may be associated with fever, as was the case in
approximately 10% of horses in the current series and 20 %
of those reported by Vainio et al. (2011). In addition, 30%
of cases were leukopenic on admission, very similar to the
33% reported by Vainio et al. (2011) and fever and leu-
kopenia suggest (systemic) inflammation. In some cases of
gastric impactions partial ruptures (not all layers involved)
were seen at post-mortem examination and fever and leu-
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kopenia may indicate pending, partial or complete, gastric
rupture. Some horses may have had (preperforative) peri-
tonitis. In horses with gastric rupture the rectal temperature
varied and was probably dependent on the time relative to
rupture (Winfield and Dechant 2015).

Heart rate, haematocrit and blood lactate concentration were
higher in non-survivors than in survivors. This probably re-
flects a more serious condition at the time of presentation.
Dehydration and/or hypovolemia were likely a result of not
drinking, or consumption of less water than normal, as horses
mainly drink around the time of eating (Freeman et al. 2021)
and horses with gastric impactions were often anorectic or
had a reduced appetite. Many horses presented with hyper-
glycaemia (mean glucose concentration was 7.6 mmol/L, ref-
erence 3.9-5.6 mmol/L), which is considered to be a sign of
stress in horses, and the blood glucose concentration may be
associated with a worse prognosis for survival in horses with
gastrointestinal disease (Hassel et al. 2009).

A suspicion of gastric impaction can be difficult to confirm,
although gastroscopy is usually considered most useful in es-
tablishing a diagnosis (Freeman 2011, Sanchez 2018). How-
ever, gastric emptying is influenced by various factors and
even normal horses eating a hay diet may have a dehydrated
mass that fills the stomach (Husted 2009) and distension is
difficult to assess by gastroscopy (Murray 2008). Also, the time
of fasting required for the equine stomach to empty has not
been definitively determined. Vainio et al. (2011) considered
a gastric impaction to be present if the margo plicatus could
not be visualised because of a food mass when the horse had
been fasted for a minimum of 16 hours. The same definition
was used in the current case series, although repeated gas-
troscopy when horses are fasted longer, as was performed in
some horses, may strengthen the diagnosis. Transabdominal
ultrasonography can help determine the size of the equine
stomach and when the stomach can be imaged in 5 or more
intercostal spaces, often far beyond the 12" intercostal space
and even to the lumbar fossa, it is considered to be distended
(Reef 1998, Lores et al. 2007). In extreme cases the distended
stomach may contact the ventral abdominal wall (Miller et
al. 1995) and can be imaged there. However, the degree of
distension is hard to establish, as the stomach will expand in
all directions. Occasionally, if a gastric impaction is extreme-
ly large, it may be palpable per rectum, along with caudal
displacement of the spleen (Owen et al. 1987, Mdller et al.
1995, Parker et al. 2011), although the diagnosis cannot be
ruled out by the absence of abnormal findings on rectal pal-
pation.

Enteral fluid therapy is contraindicated in horses with com-
plete gastrointestinal obstruction (Lopes et al. 2003) but gas-
tric impaction usually does not cause a complete obstruction,
as mineral oil does pass. A limited number of case reports
suggest that mineral oil is not an effective treatment for gas-
tric impaction in horses (Honnas and Schumacher 1985,
Owen et al. 1987). Vainio et al. (2011) reported that 90%
of gastric impactions resolved with enteral fluid therapy us-
ing 2-10 litres of isotonic fluid, administered every few hours.
They speculate that enteral fluid remaining in the stomach
may help soften the contents and break down the impaction
and recommend the use of enteral fluid therapy for gastric
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impactions. In addition to softening the gastric contents, en-
teral fluids are thought to activate the gastrocolic reflex and
stimulate motility (Lopes et al. 2004).

In the present study, gastric impactions in horses were more
likely to be resolved when treatment included the nasogas-
tric administration of cola. Similarly, Tallon et al. (2020) re-
ported that horses with gastric impaction treated with enter-
al carbonated diet cola were nearly eight times more likely
to survive than those that were not. The frequency, amount
and duration of treatment with cola was often not clearly
recorded, which is one of the main limitations of this retro-
spective study. For that reason, it was only recorded whether
horses were treated with cola or not. In future, prospective,
trials the volume and frequency of cola administration must
be established. Currently, in our clinic, large adult horses
that are treated with cola usually receive approximately 1.5
to 2.0 L, roughly 3-4 ml/kg, at a time. That is slightly less
than, but the same order of magnitude, as reported by Ro-
driguez-Hurtado et al. (2007), who used 700 mL in a 123-kg
pony (5.7 mL/kg) to help resolve a gastric impaction, and
that was chosen because the same volume was used in a
human of similar weight (Sechopoulos et al. 2004). When
Ladas et al. (2002) first used cola to treat phytobezoars in
human patients they administered 3L over a 12h period. If
we assume an average human bodyweight of 75kg, that
equates to 40ml/kg, which could be achieved in horses by
repeated administration or continuous enteral infusion. The
rationale for using cola was the observation by car mechan-
ics that nuts and bolts that could not be unscrewed, could be
separated after they had been soaked in cola overnight (La-
das et al. 2002). It appears that cola softens phytobezoars,
although the mechanism is unknown. It has been hypothe-
sized that the low pH, of 2.6, and/or the release of carbon
dioxide bubbles may help disintegrate the impactions (Ladas
et al. 2002, Sechopoulos et al. 2004). In the current case
series, the cola was sometimes poured from one jug to an-
other several times fo remove carbon dioxide, but usually
it is administered directly from the bottle and there did not
appear to be any noticeable difference in effectiveness or
discomfort following administration. Gastric phytobezoars
are more common in patients with diabetes mellitus (Ladas
et al. 2002) and for that reason diet cola was often used to
treat them. Initially, diet cola was also used in our clinic, but
since approximately 10 years regular cola is usually used. A
potential complication of the use of regular cola is laminitis,
due to the higher sugar content of regular cola, however this
was not seen in the present case series and has not been
reported by others (Klier et al. 2017).

Considering the low pH of cola, one has to consider the
potentially painful effect of cola in case of secondary gas-
tric ulceration, which is commonly seen in horses with gastric
impactions. The authors have seen adverse effects, such as
bruxism, or even colic, in some horses directly after adminis-
tering the cola. Another reason for this discomfort could be
the increased volume. This however, is considered less likely
because often these horses are followed up by repeated gas-
troscopy and also show these signs when the impaction has
decreased in size and the ulcers become visible. On the other
hand, the authors have also observed that some horses will
voluntarily drink a watery mash containing cola.
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Potentially, other substances could also be used to soften or
dissolve gastric impactions. The use of acetylcysteine has
been reported in man (Silva et al. 2002) and, in analogy to its
use in resolving meconium impactions in foals, suggested in
horses, but no evidence exists for its use in gastric impactions
(Klier et al. 2017). Similarly, treatment with Dioctyl Sodium
Sulphosuccinate (DSS) seems to be unrewarding in horses
with gastric impaction caused by the ingestion of persimmon
fruits (Rodriguez-Hurtado et al. 2007).

Additional treatment with prokinetic drugs could have been
considered for the treatment of gastric impactions, and pre-
vention of their recurrence. Béuerlein et al. (2019) report the
successful use of oral metoclopramide in horses with gastric
impactions, with 17/20 horses surviving long term. However,
care must be taken when using this drug, as the use of meto-
clopramide in an extremely distended stomach may cause
gastric rupture (Klier et al. 2017). Two horses in the pres-
ent case series were treated with cisapride, which has been
shown to enhance gastric emptying in horses (King and Ger-
ring 1988, Valk et al. 1998). However, due to the cardiac side
effects reported in humans (Tonini et al. 1999), it has become
very difficult to obtain cisapride for veterinary use. The para-
sympathomimetic drug bethanechol is also sometimes used in
the management of gastric impactions, and has been shown
to promote solid phase gastric emptying in horses (Ringger et
al. 1996).

In the present study 72/125 (58 %) horses with a gastric im-
paction survived, but the success rate was significantly high-
er (48/58, 83%) in horses treated with cola, and highest
in non-Friesian horses treated with cola (36/40, 90%). The
mean time fo resolution was 2.6 days, although this was not
confirmed in all cases. The prognosis of gastric impactions
in horses is considered (very) poor by some (Scheidemann
and Huthmann 2011, Bird et al. 2012), although others have
reported a more favourable outcome, with 85-90% of horses
surviving (Bduerlein et al. 2019, Vainio et al. 2011). There is
always a risk of a self-fulfilling prophecy in (veterinary) med-
icine, if a condition is thought to carry a poor prognosis and
the patient is not expected to survive. The results of the present
study confirm the impression gained from case reports that
cola may help resolve gastric impactions in horses and indi-
cate that the prognosis, in many cases, may be good. Further
studies are needed to determine the optimal volume and fre-
quency of administration of cola and if the use of prokinetics
can further increase treatment success.

Not only were Friesian horses more likely to develop gastric
impactions than those of other breeds, but these impactions
were also less likely to resolve, even when horses were treat-
ed with cola. It seems likely that factors associated with the
increased risk of developing gastric impactions are also to
blame for the poorer prognosis, and these probably include
abnormal collagen and/or elastin in Friesian horses (Ploeg
et al. 2015, Saey et al. 2016). Another possible explanation
could lie in the stoic nature of Friesian horses and the possibil-
ity that impaction is more chronic in Friesian horses af the time
of diagnosis, and initiation of treatment. Bird et al. (2012)
found that 6/7 horses with gastric impactions had increased
thickness of the stomach wall, often with evidence of fibro-
sis and/or myositis. These changes suggest a chronic disease
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process and increased wall thickness may negatively impact
gastric motility, with possible consequences for resolution and
recurrence. In contrast to these findings, Klier et al. (2017)
reported that chronic impaction leads to enlargement of the
stomach and thinning of the muscular layer, which will nega-
tively affect motility. Either way, it is possible that the chances
of resolution of a gastric impaction may diminish the longer
the impaction is present.

In conclusion, gastric impaction is an uncommon cause of
colic in horses that is more likely to affect Friesians than oth-
er horse breeds. The prognosis for the resolution of gastric
impactions is good, especially when cola is administered en-
terally as part of the treatment, but slightly less favourable in
Friesians.
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