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Gastroscopy with air insufflation was performed in 10 ponies, after which a transcutaneous ultrasound ex-

amination of the stomach and duodenum was performed immediately and at 1, 2, and 4h postgastroscopy, and

24 h after feeding. Stomach measurements included the dorsoventral and craniocaudal dimensions, as well as the

stomach depth from the skin surface and stomach wall thickness at the different time periods. Gastric wall

folding was observed in one pony, becoming most distinct 2–4h postgastroscopy. An undulating stomach wall

was noted in eight other ponies postgastroscopy. These observations appeared to be a response to the deflation

of the stomach as the insufflated air was released gradually. Gas was detected in the duodenum after the

gastroscopy. The parameters measured were noted to be useful to evaluate the extent of stomach distension due

to air or feed. The ultrasonographic appearance of the stomach can, therefore, be altered by gastroscopy and

this should be borne in mind when examining horses with suspected gastric disease. Veterinary Radiology &

Ultrasound, Vol. 50, No. 4, 2009, pp 429–435.
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Introduction

TRANSCUTANEOUS ULTRASONOGRAPHY IS useful for eval-

uating horses and ponies with gastric disease.1–7 Gas-

tric distension with air is performed routinely during

gastroscopy to facilitate viewing of the lumen of the stom-

ach. We noticed that the ultrasonographic appearance of

the stomach wall is sometimes undulated or folded after

gastroscopy. It was not known whether this was a patho-

logic change or whether it was related to the gastroscopy. It

was postulated that the introduction of air, or even the

physical presence of the gastroscope, could have led to the

gastric wall appearance, implying that even nasogastric

intubation itself may cause this undulation.

Rugal folds of the stomach have also been observed in

some horses undergoing food restriction, but the reason for

this was not stated.4 There was also no reference to this

type of change following distension of the equine stomach

with fluid.5 It is important to know and document what

happens to the ultrasonographic appearance of the stom-

ach postintervention, in this instance gastroscopy, to de-

termine what is normal or abnormal.

The purpose of this study, therefore, was to further

evaluate the sonographic appearance of the stomach at

different times after gastroscopy, and also describe the

changes occurring to the stomach with regard to dimen-

sions, wall thickness, and contractility. In addition, the

duodenum was examined to see if the air introduced into

the stomach during gastroscopy was released into the small

intestine.

Materials and Methods

Ten adult Nooitgedacht ponies from the University of

Pretoria Animal Unit were used for the study. They ranged

in age from 4 to 14 years, weighing 362–462kg and stand-

ing 142–149 cm at the withers. They had no recent history

of gastrointestinal disease or clinical signs of gastrointes-

tinal problems. The clinical parameters of the ponies were

within the normal ranges. They had been dewormed 2

weeks before the study. During the study, the ponies were

housed in the Equine Clinic stables of the Onderstepoort

Veterinary Academic Hospital.

Before ultrasonographic and gastroscopic examination,

feed was withheld for 10h and water for 2h to allow emp-

tying of the stomach. At approximately 5h postgastroscopy,

grass and lucerne hay and water were given. No concentrates

were provided during the study.

A pre-gastroscopic ultrasonographic exam after food

withdrawal was performed to characterize the baseline ap-

pearance of the stomach and duodenum. Gastroscopy with

air insufflation, as is routinely done, was performed to view

the internal aspects of the stomach. Immediately after, the
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pony was examined, using ultrasonography to evaluate the

distended stomach and duodenum. The examination was

repeated after 1, 2, and 4 h, during which time deflation of

the stomach was complete. The pony was then fed and a

final ultrasonographic examination performed after 24h.

Just before gastroscopy, the ponies were sedated with

200mg of 2% Xylazine Hcl,� intravenously. This provided
about 45min of sedation to facilitate the examination. The

ponies were restrained in stocks, where a lip twitch and

Hausmann’s gag were applied. A 3m, flexible gastroscopew
was inserted through the right nostril, the ventral nasal

meatus, pharynx and esophagus into the stomach. To al-

low easy viewing of the various internal parts of the stom-

ach, air was introduced by continuous insufflation via the

gastroscope to sufficiently distend it. The examination of

the cardia, glandular, and nonglandular aspects of the

stomach, as well as the pylorus was then performed.

Sonography was performed from the left seventh to 16th

intercostal spaces. The hair on this side was clipped, after

which ethanol was applied on the skin to facilitate imaging.

Acoustic coupling gel was applied over the transducer,

which was then covered by a thin latex sheath to protect its

surface from the ethanol. The ultrasonographic examina-

tion was performed with a 3.5MHz curvilinear transducer,

which provided optimal resolution, using a laptop Tera Vet

T3000z ultrasound machine. Scanning was performed from

dorsal to ventral along each intercostal space. The trans-

ducer was oriented transversely so that dorsal was to the

left of the image.

The ultrasound examination was initiated dorsally on

the left side (dorsoventral direction) and the image cap-

tured when the greater curvature of the stomach wall was

visualized, at the most dorsal point of the intercostal space.

All the images were captured during expiration, to avoid

lung interference.

Using a black marker, a horizontal line was drawn on

the skin over the thorax at the level of the Tuber olecrani. A

single static image was then captured at each intercostal

space at the most dorsal point at which the stomach wall

was visible. The distance to the horizontal line was mea-

sured with a tape measure and recorded as the most dorsal

stomach wall height in centimeters. A second static image

was captured at each intercostal space at the most ventral

point at which the stomach wall was visible and the height

above the olecranon process again measured. The differ-

ence between these two measurements was the ultrasono-

graphically visible height of the stomach.

Using the static images and the calipers of the ultra-

sound machine, the depth of the lateral aspect of the

stomach wall from the skin surface was also measured.

This measurement was done at the most dorsal point in

each intercostal space that the stomach was visible. It re-

flected the distance from the skin surface during stomach

distension as well as deflation postendoscopy.

The cranial to caudal dimension of the stomach was

recorded as the number of intercostal spaces where the

stomach was visible. The presence and number of gastric

wall folds and the time at which they occurred was also

recorded. In addition, the layers of the stomach wall were

noted and measurements of the wall thickness at three

different sites done. These sites were the most dorsal, mid,

and ventral point along each intercostal space that the

stomach was visible. The average of the three measure-

ments was the wall thickness. Statistical analysis of the data

was not done, but the means and standard deviations were

obtained.

The duodenum was assessed at two locations as previ-

ously described.8 The first was ventral to the caudal pole of

the right kidney at the 16th–17th intercostal spaces on the

right flank. It was also examined at a second location from

the 12th–15th intercostal spaces, between the liver and the

right dorsal colon. The locations corresponded to a line

drawn from the olecranon on the right forelimb to the

tuber coxa. The contents of the duodenum were recorded,

namely the presence of chyme, gas, or fluid.

To determine the volume of air introduced during in-

sufflation, air was introduced into a meteorological balloon

from the gastroscope over a period of 10min.9 The mouth

of the balloon was clamped using a Doyen’s atraumatic

clamp as well as a knot tied to prevent release of the air.

The contents of the balloon were then expressed into a

Spirometer and the readings on two measurement scales

recorded. The volume was calculated using a conversion

factor of 1mm¼ 0.5158 l. This was the volume at actual

temperature and pressure saturated. The reading on a

thermometer (in 1C) with its bulb within the Spirometer

was recorded, as well as the pressure in mmHg of a ba-

rometer within the room. The values were then used to

determine the conversion factor from a table on the density

of air at different pressures.10 This was used to calculate the

volume of air in the balloon at standard temperature and

pressure dry. This value was divided by 10 to determine the

rate in litres per minute of air introduced via the endo-

scope. The process was repeated three times and the av-

erage rate determined.

Results

Gastroscopy lasted 6–8min, during which time the

stomach was distended by continuous insufflation of air

via the gastroscope. The rate of insufflation was approx-

imately 0.5 l air per minute, so a total of about 3–4 l air was

introduced.
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During gastroscopy, variable amounts of feed and water

were still present in the stomach. In three ponies, the

stomach was almost completely empty, while in five the

feed amounts increased to about 25% of the stomach vol-

ume. Two ponies had slightly more feed and water occu-

pying about 1/3 the stomach volume. In addition, the most

common gastroscopic finding was a mild hyperkeratosis of

themargo plicatus in six ponies. Apart from this, there were

no significant abnormalities observed on the glandular and

nonglandular surfaces of the stomach wall in all the ponies.

Undulations of the wall of the stomach were observed

ultrasonographically in nine ponies, but most distinctly in

pony number 4. In this pony, they began immediately

postgastroscopy, where they were seen at the 9th, 10th, and

11th intercostal spaces. At this time, the folding appeared

as a wavy outline of the stomach wall (Fig. 1).

The appearance persisted as a similar wavy fold 1h

postendoscopy at the 11th intercostal space. The folding

then became more conspicuous as an invagination of the

stomach wall at 2 h postendoscopy at the 10th and 11th

intercostal spaces. It was, however, most distinct 4 h

postendoscopy at the ninth and 10th intercostal spaces

(Fig. 2). The invagination appeared to involve the mucosa

and submucosa extending into the stomach lumen.

Eight other ponies had varying degrees of gastric wall

folding, but to a lesser extent than in number 4. It appeared

most frequently (in five ponies) 1 h postgastroscopy. It was

also noted in four ponies immediately after gastroscopy.

Unusually, two ponies had some degree of gastric wall

undulation 24h after feeding. In both of these latter ponies,

the stomach was distended with feed as determined by an

increase in the craniocaudal and dorsoventral dimensions.

No undulations or gastric wall folding was observed in

the pregastroscopy images. In all ponies, including the nine

where undulation or gastric wall folding was seen, there

were no obvious contractions of the stomach noted.

The most dorsal height of the stomach was greatest im-

mediately postgastroscopy, after air insufflation. The mean

value was 29.3 � 4.5 cm at this time. The stomach height

then decreased progressively in the period after

gastroscopy to the lowest value 4h postgastroscopy; mean

of 25.6� 4.2 cm. After the ponies had been fed, the dorsal

height increased again but not to the same extent as after

air insufflation (Fig. 3A). Gastric height increased

immediately after gastroscopy, then decreased to reach its

lowest value of 7.1 � 2.6 cm at 2 h postendoscopy. After

the horses had been fed, the greatest dorsoventral height

of 9.9 � 2.9 cm was recorded (Fig. 3B). When the depth of

the stomach from the skin surface was examined at the

different time periods, it was noted that it was greatest after

fasting or pregastroscopy (Fig. 3C). The mean depth of the

stomach at this time was 8.0 � 1.1 cm. After air was in-

troduced during gastroscopy, the depth reduced to a mean

of 6.6 � 1.7 cm. It then increased 1h postgastroscopy and

subsequently reduced gradually at the different times

postgastroscopy. With feeding, it reduced further to a

depth of 6.3 � 1.7 cm, which was the time the stomach was

closest to the skin surface. The craniocaudal dimension of

the stomach, as measured by the number of intercostal

spaces in which the stomach was visible, varied from 2 to 4

(mean¼ 3.5 � 0.7) in fasted ponies (Fig. 3D). Immediately

postgastroscopy, it increased slightly to a span of three to

five intercostal spaces (mean¼ 3.8 � 0.6). It then reduced

1–4h postgastroscopy to pregastroscopy values. Thereaf-

Fig. 1. Ultrasound image of the stomach of pony number 4 immediately postgastroscopy at the 9th and 11th intercostal spaces. The arrows point to the
irregular wall outline with the layers visible. Dorsal is to the left.

431GIT ULTRASOUND FOLLOWING GASTROSCOPYVol. 50, No. 4



ter, 24h after the onset of feeding, the span either remained

the same or increased dramatically. The stomach spanned

three to five intercostal spaces in seven ponies, while in the

other three it extended over eight intercostal spaces from

the seventh to 14th or eighth to 15th intercostal spaces. The

mean at this time was 5.4 � 1.9.

When the stomach wall thickness was compared at

the different time periods, it was lowest after fasting

(Fig. 3E) at a mean of 4.6 � 1.0mm. The wall thickness

then increased gradually to attain the highest value 2h

postgastroscopy at 5.2 � 1.1mm. This was nevertheless

fairly close to the mean wall thickness at 4 h postgastros-

copy of 5.0 � 0.6mm. After the ponies had been fed the

wall thickness reduced to a value of 4.7 � 0.4mm.

Five ponies had hyperechoic gas specks in the duode-

num in pregastroscopy ultrasound images. An additional

four ponies (total of nine) had gas in the duodenum im-

mediately after the endoscopic examination. The gas was

seen on the dorsal aspect of a transverse section of the

duodenum above the chyme and/or fluid contents. It was

particularly noted at the 16th or 17th intercostal spaces,

where the duodenum was located ventral to the caudal pole

of the kidney. In the five ponies that had gas in the duo-

denum during the pregastroscopy ultrasound, two had

more gas postgastroscopy, while the other three had similar

amounts as the pregastroscopy scans. One pony did not

have any detectable gas in the duodenum in any ultrasound

examinations.

When the nine ponies with gas in the duodenum in the

postgastroscopy ultrasound were examined 1 h later, the

gas was not evident in five ponies. In three other ponies, the

gas was not evident in the duodenum 2h postgastroscopy.

Thereafter, the contents consisted of fluid with small

amounts of chyme until the scan 24h after the onset of

feeding, where chyme was evident. One pony, however,

had gas and fluid/chyme in the duodenum from the ultra-

sound scan immediately postgastroscopy up to the one 24h

after feeding.

Discussion and Conclusions

Gastric wall folding was observed distinctly in one pony,

while an undulating wall was noted in eight other ponies.

This occurred after gastroscopy, becoming more distinct

with time in pony number 4. The rugal folds, also referred

to as gastric folds or plicae, occur as a result of the dis-

tensible nature of the stomach as it empties.11 The fact that

they became more distinct with time postgastroscopy in

pony number 4 suggest that, in this pony, they were related

to the deflation of the stomach as the insufflated air was

released gradually. An undulating stomach wall may also

have been a response to the deflation, but to a lesser extent.

This contrasted with previous observations, where rugal

folds of the stomach of horses were stated to arise com-

monly after the animals had been fasted.4 The folds were

not noted in any of the ponies during the pregastroscopy

examination, at which time they had been without food

for 10h.

The volume of air introduced during insufflation of the

stomach varied from 3–4 l, over a period of 6–8min. Pony

number 4 had about 3 l of air introduced, which was sim-

ilar to three other ponies. None of the latter, however, had

the same distinct gastric wall folding as pony number 4, so

the volume of air per se may not have been the reason for

the folding.

Fig. 2. Ultrasound image of the stomach of pony number 4, done four hours postgastroscopy at the 9th and 10th intercostal spaces. The arrows point to the
folding of the gastric wall. Dorsal is to the left.
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The folds noted 4 h postgastroscopy in pony number 4

appeared to extend into the lumen as a fold of the mucosa

and submucosa rather than a fold of the entire stomach

wall. Gastric folds, on histologic examination, are also de-

scribed as folds of the mucosa and submucosa.12 They

form part of the normal gross appearance of the nonglan-

dular part of the equine stomach (Fig. 4). It is not clear,

therefore, why more ponies did not have the distinct wall

folding. The nonglandular part of the stomach is also the

most dorsal hence would be the one viewed during ultra-

sound examination.

Rugal folds of the stomach have also been described

in cats.13 There they were related to the distension of

the stomach with feed. When the stomach was com-

pletely distended with ingesta there were no rugal

folds evident. When it was half full, with abundant ing-

esta visible, rugal folds were easily identified. The folds

became compact when the stomach was emptied.13 The

ponies in this study did not have any rugal folds after they

had been fasted, or even when there was some feed in the

stomach. In fact, pony number 4 still had a small amount

of feed and fluid occupying about 25% of the volume

of the stomach during the endoscopic examination, yet

did not have any gastric folds in the preendoscopic ultra-

sound scan.

The effects on the various stomach measurements of

the fasting, air insufflation during gastroscopy, stomach

deflation and feeding of the ponies, were evaluated. It was

noted that the air insufflation caused the greatest dorsal

distension and thus height of the stomach, immediately

postgastroscopy. This was most likely due to the air rising
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Fig. 3. (A–E) Dimensions of the stomach at different times before and after gastroscopy in the 10 ponies. Key for ‘‘Time of Ultrasound’’ : 1,
pregastroscopy; 2, immediately postgastroscopy; 3, 1 hour postgastroscopy; 4, 2 hours postgastroscopy; 5, 4 hours postgastroscopy; 6, 24 hours after feeding.

Fig. 4. Non glandular internal aspect of the equine stomach with visible
gastric folds (arrow).
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to the top of the stomach. Nevertheless, the dorsoventral

height of the stomach was greatest in the ponies after

feeding. That is, more of the stomach could be viewed after

feeding, because the point at which it could still be viewed

ventrally was lower in these ponies. Apparently, as the feed

settled in the stomach, it was distended ventrally due to the

greater weight of the feed. In addition, the feed caused the

greatest increase in the craniocaudal span of the stomach

as determined by the increased number of intercostal

spaces the stomach covered. Overall, therefore, more of the

stomach could be viewed ultrasonographically after feed-

ing than after air insufflation or fasting.

In three ponies, the stomach could be seen over eight

intercostal spaces, from the seventh to 14th or from the

eighth to 15th intercostal spaces, after they were fed. Nor-

mally, the stomach is viewed over three to five intercostal

spaces, but located between the eighth and 15th intercostal

spaces.4,14 In these ponies, therefore, the stomach appeared

more distended than normal, though the ponies did not

have any discomfort or signs of colic. It is possible that the

ponies ate more because they were fasted. Nevertheless, the

other seven ponies in the study had a craniocaudal span of

the stomach after feeding of three to five intercostal spaces.

It has also been reported that ponies may have a confor-

mational difference with horses where the stomach can be

imaged over a greater number of intercostal spaces, and

particularly the more caudal ones.14 Similar observations

were made in this study.

The depth of the stomach from the skin surface was

greatest after fasting, with a mean of 8.0 � 1.1 cm. Appar-

ently, the stomach was displaced medially from the skin

surface, rather than being pushed more against the body

wall by the intestines and other abdominal organs due

to its smaller size. When air was introduced during gas-

troscopy, the stomach wall was pushed closer to the

skin surface, hence the depth was reduced immediately

postgastroscopy to a mean of 6.6� 1.7 cm. With the sub-

sequent deflation of the stomach, the depth increased

gradually at the different times postgastroscopy. When the

ponies were fed, the distended stomach was pushed closer

to the skin surface to a depth slightly lower (i.e.,

6.3 � 1.7 cm) than that after air insufflation. Therefore,

the stomach depth proved a useful parameter to evaluate

the distension of the stomach with air or feed.

When the stomach wall thickness was compared at the

different time periods, it was least in the pregastroscopy

scans (mean 4.6 � 1.0mm). This was unusual as the par-

tially or completely empty stomach in a contracted state

would be expected to have a thicker wall. Nevertheless, the

standard deviation was relatively high so a number of po-

nies actually had thicker stomach walls above the mean.

The wall thickness increased to attain the highest values at

2 h (mean 5.2 � 1.1mm) and 4h (mean 5.0 � 0.6mm)

postgastroscopy, as expected due to the stomach contrac-

tion during deflation. The wall thickness was then reduced

24h after feeding (mean 4.7 � 0.4mm), where the dis-

tended stomach had a relatively thinner wall, as expected.

Despite these variations, however, the stomach wall thick-

ness was within the normal values of 4–7mm described

previously.4,14 Even when the stomach spanned the greatest

number of intercostal spaces (i.e., 8) in three ponies after

feeding, this distension did not reduce the wall thickness

further significantly. Similar observations have been made

in the cat where there was no significant difference ob-

served in the stomach wall thickness at different degrees of

distension.13

One of the objectives was to determine whether the air

introduced during gastroscopy was released cranially

through the oesophagus after the examination, or caudally

through the duodenum. Nine ponies had evidence of hype-

rechoic gas specks in the duodenum during the ultrasound

scan done immediately after gastroscopy. Four of these

ponies did not have gas in the duodenum in the pregastros-

copy scans. In the other five ponies, two had more gas in

the duodenum in the postgastroscopy scans compared with

the pregastroscopy ones. This suggests that the air from the

stomach was released at least partly via the duodenum.

The release of air appeared to occur within the first

1–2h postgastroscopy in most ponies, since it was

not evident in the ultrasound scans of the duodenum at

these times. In one pony, the gas even persisted up to 4h

postgastroscopy. Horses have a thick cardiac sphincter

which accounts for their near inability to vomit.15 There-

fore, when the gastroscope was withdrawn, the closed

cardiac sphincter would most probably have prevented

the release of most air retained in the stomach into the

oesophagus. There were also no obvious contractions of

the stomach observed during the study. The air was then

most probably released gradually by the peristaltic con-

tractions of the duodenum.

In conclusion, the process of gastroscopy and particularly

air insufflation can alter the ultrasonographic appearance of

the stomach. Gastric wall folding or undulation can result,

becoming most distinct 2–4h postgastroscopy. Various stom-

ach measurements, including the dorsoventral and cranio-

caudal dimensions, as well as the stomach depth, are useful

parameters to evaluate the extent of stomach distension due

to gas or feed. This may have an application in evaluating

colic with gastric dilatation. The stomach wall thickness also

varies in ponies that have been fasted, air insufflated, or fed

and this should be borne in mind when examining ponies or

horses with gastric disease where the wall thickness is im-

portant in making the diagnosis, e.g. gastritis.
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