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is a safe tool that can be used 
to complement traditional 
approaches to diagnosing colic 
or gastrointestinal dis 
in horses. 
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Rudolf Steiger, DVM Transabdominal ultrasonography 

is recommended when rectal 
pa!pation is prohibited, p. 253. ABSTRACT: Certain disease processes affecting the equine gastrointestinal tract and abdomi- 

nal cavity can be identified using ultrasonography. This article reviews the technique for ab- 
dominal ultrasonography, including its advantages and limitations, and provides w 
of necessary equipment. The ultrasonographic appearance of the gastrointesti ~d 
peritoneum under normal and pathologic conditions is also described. 

4 Portions of the stomach and 
intestines can be visualized and 
disease processes involving the 
peritoneal lining or abdominal 
cavity evaluated using 
transabdominal ultrasonography, 
p. 255. 
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horses with colic with the goal of early, accurate diagnosis. Even after a 
thorough examination, however, the exact cause of abdominal discomfort can be 
difficult to determine. This is partly due to the size of the abdominal cavity; 
only one third to one half of the abdominal volume can be examined by trans- 
rectal palpation in most horses. 

Transabdominal ultras~nograph~, a safe, direct, and noninvasive diagnostic 
aid in evaluating colic patients, is routinely performed in many referral facilities. 
The techni' ommended not only for patients whose size prohibits tran- 
srectal palp : also when additional information is required for accurate 
diagnosis OL all" va~ient. Useful information can be obtained with the standard 
equipment 

ases 
late 

1 A thorough knowledge of the 
topographic anatomy in horses is 
necessary to accurately interpret 
ultrasound images; scanning 
normal horses can provide 
experience, p. 255. 
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lation but 
c ---- ---: 1 A definitive diagnosis is rarely 

obtained with transabdominal 
ultrasonography; however, some 
very useful information about the 
process of gastrointestinal 
diseases may be obtained, 
p. 258. 
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EQUlPMEl 
Sector and linear transducers both produce high-quality images for transcuta- 

neous abdominal ultrasonography. Sector scanners produce pie-shaped images 
that provide a narrow near field of view and a wide far field of view. These trans- 

have a small footprint (i.e., surface of contact) that fat". ter- 
ing, particularly in a dorsal or longitudinal plane. Linea cers 
rectangular image that is well suited for examining supt 'uc- 

curcs; nowever, with increasing depth the image of the far field is aurornar~cally 
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narrowed, which restricts visualization of deep struc- 
tures. Acoustic shadows will be produced by overlap- 
ping the ribs when imaging from an intercostal window 
in the dorsal or longitudinal plane with a linear trans- 
ducer. 

Curved linear transducers were developed to com- 
bine the desirable characteristics of sector and linear 
transducers. Curved linear transducers provide wide 
near and far fields of view, and the footprint size is usu- 
ally intermediate. To avoid diagnostic errors and over- 
sights, patients should ideally be evaluated with a trans- 
ducer that is capable of resolving near- and far-field 
structures. 

The depth at which structures can be observed varies 
with the frequency of the transducer. A 5-MHz trans- 
ducer provides maximal penetration of approximately 
10 cm, whereas a 3.5-MHz transducer can locate struc- 
tures as deep as 22 cm from the skin. Because of the 
size of the equine abdomen and dimensions of the or- 
gans, a probe with a frequency of 3.5 MHz or lower 
may be required for evaluating the GI tract in adult 
horses. Ultrasound machines used in large animal prac- 
tice are generally equipped with a 5-MHz linear-array 
transducer, which can be used to perform most of the 
studies described in this article. In adult horses (450 to 
500 kg), however, a 5-MHz transducer does not allow 
complete evaluation of the abdomen. Although higher 
frequency probes can provide better image resolution, 
their penetration is less. A 7.5-MHz transducer can 
provide detailed images of structures closely associated 
with the abdominal wall. 

Gain and power settings should be adjusted during 
the examination to  obtain a homogenous image 
throughout the entire field being examined. When a 
suspicious structure is identified, the depth setting 
should be adjusted so that the entire structure is visual- 
ized in relation to a landmark (e.g., greater curvature of 
the stomach in relation to the splenic vein) or a specific 
portion of the structure is observed in detail (e.g., a 
portion of the gastric wall associated with a mass). 
More detailed descriptions of the various settings avail- 
able in ultrasound machines and their effects are avail- 
able in the literature.' Every suspicious area should be 
scanned repeatedly and at different angles to avoid in- 
terpreting artifacts as lesions. Ultrasound images should 
be labeled, recorded, and saved as part of the horse's 
medical record. 

TECHNIQUE 
Contact between the probe and horse can be im- 

proved by applying ultrasound coupling gel to the skin 
after clipping or shaving. Applying copious amounts of 
isopropyl alcohol with a sponge on a clean horse gener- 

ally eliminates the air interface between the skin and 
transducer and provides satisfactory images where clip- 
ping is not performed. Care should be taken during the 
first application of alcohol because the cold sensation 
can surprise sensitive patients. Image quality is often in- 
adequate in overweight or dehydrated horses; clipping 
the area of interest may improve visualization of the in- 
traabdominal organs. Better contact between the horse 
and transducer improves visualization of subtle details 
that may be missed otherwise. 

Foals can be examined while recumbent or standing. 
When scanning a recumbent animal, the transducer 
cannot be applied on the dependent parts of the ab- 
domen; visualization of the pathologic segments of in- 
testine may be prevented because heavier structures 
(e.g., thickened loops of intestine) often gravitate to the 
lowest portions of the abdomen. In addition, reflection 
caused by gas contained in the dorsal loops may pre- 
clude adequate visualization of the intraabdominal or- 
gans when recumbent foals are scanned. To calm the 
mare and minimize risk to equipment, foals should 
preferably be examined in front of mares, with the foal 
placed between the examiner and the mare. The mare 
can be sedated if necessary. Sick or hypothermic foals 
should be examined in a warm environment, with the 
conservative use of alcohol to prevent excessive heat 
loss. 

It is important for examiners to adopt a safe, com- 
fortable position because systematic screening of the 
entire abdomen may be time-consuming. Some ultra- 
sonographic examinations of the abdomen, however, 
may be brief and directed at a specific area of suspicion. 

GENERAL PRINCIPLES 
Gas and mineralized structures appear as bright white 

(i.e., hyperechoic) areas and create acoustic shadowing, 
which prohibits visualization of underlying structures. 
This phenomenon results from the almost complete re- 
flection of ultrasound waves at the level of a soft tis- 
sue-gas or soft tissue-bone interface. 

Soft tissue-gas interfaces may also create an artifact 
called reverberation, which occurs when the wave front 
is scattered and delayed in returning to the transducer.' 
Reverberation is imaged as a series of parallel, echo- 
genic lines underlying the soft tissue-gas interface. Flu- 
id is generally black (i.e., anechoic), but can appear in 
shades of gray (i.e., hypoechoic) depending on its cellu- 
lar or particulate content. The echogeniciry of struc- 
tures located deep to fluid is enhanced, and they appear 
brighter. This occurrence, called acoustic enhancement, 
results from a lack of attenuation of ultrasound waves 
traversing a fluid-filled structure. The brightness of the 
image produced is proportional to the loudness of the 



echo, which is directly relat- 
ed to differences in the den- 
sities of adjacent tissue and 
the depth from which the 
echoes came.* The reflection 

echoes toward the trans- 
ducer is maximal when ul- 
trasound waves strike an in- 
terface between tissues of 
different densities at a 90" 
angle. When the angle of in- 
cidence is oblique, ultra- 
sound waves are refracted 

may help to assess the effica- 
cy of decompression by na- 
sogastric intubation. If sig- 
nificant gastric distention is 
observed despite the absence 

I of gastric reflux, further at- 
tempts should be made to I I 
obtain gastric fluid. 

Gastric impactions may 
be suspected when the visi- 
ble surface of the stomach 

I extends over five or more 
intercostal spaces and hy- I I 

and do not return toward perechoic material is pre- 
rhe transducer, thereby di- sent within the lumem4 De- I I -- 
minishing the intensity of Figure 1-Gastric distention caused by anterior enteritis. The layed gastric emptying may 
the returning beam. images greater curvature of the stomach is medial to the splenic vein. occur if a significant amount 
are displayed assuming that Hypoechoic fluid is present within the lumen and separated of gastric is consis- 
all echoes returning to the from the dorsal gas cap by a fluid-gas interface (long avow). tently observed in a fasted 

This sonogram was obtained with a 3.5-MHz curved linear transducer have an angle of horse. Gastric squamous cell 
transducer positioned with the long axis in the left 12th in- 

incidence of 900. Refraction tercostal space (dorsal is to the right and ventral to the left of carcinoma generally involves 
artifacts may therefore result the image), the greater curvature of the 
in  inaccuracy in the depth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  stomach and is usually visu- 
and density of the structures alized as a mural mass of 
displayed. Refraction artifacts are commonly observed heterogenous echogenicity.* One report mentions in- 
when scanning curved structures. creased thickness and decreased echogenicity of the 

gastric wall in a case of gastric squamous cell carcino- 
AfiIATQNY ma.5 Locally invasive carcinomas may cause a roughen- 

A thorough knowledge of topographic anatomy is ing of the serosal surface of adjacent organs or appear 
necessary to accurately interpret ultrasound images. Ex- as masses that can reach several centimeters in size.' 
perience gained by scanning normal horses helps exam- 
iners to become familiar with the size, position, and Small Intestine 
morphology of abdominal organs. This anatomic un- The only fixed portion of the small intestinal tract is 
derstanding enables practitioners to detect abnormali- the duodenum, which can be visualized on the right 
ties potentially related to signs of colic. side of the abdomen along a line connecting the right 

olecranon to the tuber sacrale.' The duodenum courses 
ULTRASONOGRAPHIC EXAMINATION caudally from the mid-abdomen between the 10th and 
OF TU"5ASTROINTESTINAL TRACT 12th intercostal spaces medial to the right liver lobe to 
Stomach the 15th and 16th intercostal spaces underneath the 

In adult horses, the stomach can be visualized be- body wall below the ventral aspect of the right kidney. 
tween the left I lth, 12th, and 13th intercostal spaces at Loops of small intestine can generally be visualized in 
shoulder level, depending on the degree of distention. the lower-left quadrant, medial to the spleen in adult 
The greater curvature of the stomach appears as a hy- horses; they appear as rounded or tubular structures, 
perechoic gas echo deep to the homogenous splenic depending on the plane of ultrasonographic visualiza- 
parenchyma, and it curves toward the skin cranially; it tion. The diameter and shape of small intestinal loops, 
is located on the medial or craniomedial aspect of the however, may vary with peristaltic movements. Com- 
splenic hilus, in which the large splenic vein is ob- plete loops can often be visualized due to the presence 
served. In cases of severe distention, the stomach is of fluid that allows deeper penetration of ultrasound 
against the body wall, displacing the spleen caudally waves. Segments of intestine can generally be observed 
and ventrally (Figure 1). The distended stomach is gen- gliding freely against other serosal surfaces. The walls 
erally characterized by the presence of a large, fluid- are smooth, without bands or haustra on the outer sur- 
filled structure ventral to the lung margin.' In cases of face. The thickness of the walls in a normal bowel is ap- 
Severe gastric distention, visualization of the stomach proximately 3 to 4 mm in the duodenum7 and less than 



3 mm in other portions of 
the small intestinal tract vi- 
sualized by ultra~ound.~ 

With high-resolution im- 
ages, five layers may be dis- 
tinguished within the in- 
testinal wall: (I) a hyperechoic 
inner layer representing the 
boundary between luminal 
content and the mucosa, (2) 
a hypoechoic layer corre- 
sponding to the mucosa, (3) 
a hyperechoic layer corre- 
sponding to the submucosa, 
(4) a hypoechoic layer corre- . . 
sponding to the muscularis 
propria, and (5) an outer 
hyperechoic layer corre- 
sponding to the subserosa 
and serosa.' Depending on 
the degree of distention and 
type of ultrasound equip- 
ment used, fewer layers may 
be distinguished. In one re- 
port, the mucosa, submu- 
cosa. and muscularis were 

Figure 2-Small intestinal distention caused by an ileal im- 
paction in a horse presented with colic of several hours dura- 
tion. The small intestinal loops are turgid, the diameter is ho- 
mogenous, and the thickness of the intestinal wall is normal; 
motility was absent. This sonogram was obtained by placing 
a 3.5-MHz curved linear transducer on the ventral aspect of 
the mid-abdominal region. .............................................. 

the most readily visualized.' 
Changes in the diameter of 
the small intestinal loops, 
motility, content, thickness 
of the walls, and location C 
and number of loops may 
be observed in horses pre- 
senting with signs of colic. 

Paralytic 
(Nonobstructive) lleus 

Paralytic ileus occurs when 
the neuromuscular function 
of the intestine is disturbed. It 
is characterized by decreased 
peristalsis, usually affecting 
the small intestine; secondary 
gastric distention may also 
occur. Nonobstructive ileus 

of ileus using ultrasonography 
may be difficult. 

Mechanical 
(Obstructive) lleus 

Mechanical ileus occurs 
when the intestinal lumen is 
obstructed. Possible causes 
of obstructive ileus include 
simple obstructions, such as 
ileal impaction, intestinal 
stricture, ileal muscular hy- 
~ertrophy, intestinal fibro- 
sis, inflammatory (infiltra- 
tive) bowel disease, and 
ascarid impaction. Simple 
obstruction may also result 
from the presence of masses 
(intra- or extraluminal) or a 
foreign body (rare in the 
small intestine). 

Strangulating obstruc- 
t ions constitute another 
cause of mechanical ileus 
and are characterized by an 
interruvtion in the intesti- 
nal blood supply. Possible 
causes include volvulus, pe- 
dunculated lipoma, incar- 
ceration of a portion of the 
small intestine, fibrous ad- 

Figure 3-Parascaris equoi.um (rrrrou,) in the small intestinal 
lumen of a 5-month-old foal. Note the increased thickness, 
decreased echogenicity, and corrugation of the intestinal wall 
(arrowhead) caused by dihse necroulcerative enteritis. This 
sonogram was obtained with a 7.5-MHz linear transducer 
placed on the ventral abdomen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

can cause significant disten- 
tion of the small intestine, but the loops are generally not 
as tightly distended as in cases involving an obstruction. 
Ileus should be suspected when a segment of intestine pre- 
sents little or no activity over a period of time.6 Ileus 
caused by proximal enteritis results in various degrees of 
small intestinal distention, bowel wall thickness, and 
motility; differentiating this condition from other causes 

hesion, hernia (inguinal, 
umbilical, or diaphragmat- 
ic), or intussusception. 

Small intestinal loops 
proximal to an obstructive 
lesion become distended 
and appear round in cross- 
section. Motility is generally 
depressed; the loops often 
seem fixed without apparent 
contractions. Fluid content 
may swirl, but there is no 
significant peristalsis. The 
thickness of the walls varies 
depending on the cause of 

the distention. The number of loops observed wit' 
" 

tention depends on the location of the obstructio 
duration of the process. 

In horses with simple obstruction (e.g., that c a u ~ u  
by ileal impactions), the ventral abdomen may appear 
filled with distended loops of small intestine, depend- 
ing on the duration and severity of the obstruction. 

h dls- 
n and 



The distention is often 
marked with a similar diam- 
eter for all loops observed. 
The small intestinal walls 
are not thickened, and mo- 
tility is markedly decreased 
or absent (Figure 2). 

Both small intestinal ob- 
struction caused by ascarids 
and simple obstruction of 
the duodenum due to stric- 
ture can occur in foals; the 
parasites may be identified 
(Figure 3) and the area of 
duodenal stricture visualized9 
using transabdominal ultra- 
sonography. Visualization of 
a duodenal stricture may be 
facilitated by the presence of 
peritoneal fluid surrounding 
the duodenum. The  fluid 
delineates the serosal surface 
of the duodenum and some- 
times allows visualization of 

Figure 4-Ileal hypertrophy with edema of the mucosa and 
the muscular layer. The segment of small intestine viewed in 
short axis in this sonogram is distended by fluid content. 
Note the abundant peritoneal fluid of heterogeneous 
echogenicity containing hyperechoic particles (arrow) that is 
consistent with rupture of a viscus. This sonogram was ob- 
tained with a 3.5-MHz curved linear transducer placed in the 
left inguinal area. .............................................. 

whereas the thickness of the 
majority of distended small 
intestinal segments is nor- 
mal. Mucosal edema of the 
strangulated segment leads 
to the increased wall thick- 
ness, which can be observed 
using ultrasonography. Mu- 
cosal edema generally has a 
less echoic appearance than 
does cellular infiltration of 
the intestinal wall, fibrosis, 
or hypertrophy of the wall.' 
Necrosis sometimes induces 
the production of a gas echo 

2 

within the intestinal wall, 
and sloughing of the intesti- 
nal mucosa may be accom- 
panied by the presence of an 
underlying anechoic fluid 
line. Strangulation of the 
small intestine generally af- 
fects intestinal motility; the 
presence of edematous small 

a fued reduction of the duo- intestine associated with 
denal diameter. Ileal muscu- decreased motility justified 
lar hypertrophy is character- surgical intervention in one 
ized by a marked thickening study8 
of the muscular layer of the In horses with epiploic 
intestinal wall and may result foramen entrapment of the 
in ileal rupture and diffuse small intestine, transabdom- 
peritonitis (Figure 4). inal ultrasound may reveal 

Intestinal wall thickening amotile edematous loops in 
may also be caused by cellu- the  right side of  the ab- 
lar infiltration, fibrosis, and domen. Ultrasound findings 
chronic peritonitis. Infiltra- may indicate the need for 
tive diseases of the small in- surgical intervention before 
testine generally result in clinical signs of a strangulat- 
chronic, low-grade colic; ing lesion have become evi- 

~ ~ -- - ~ p ~  dent or when rectal findings weight loss' Or thrift and Figure 5-Peritonitis caused by intestinal perforation. Note 
do cause acute "gns of the peritoneal efhsion and fibrin tags on the intestinal serosa are inconcl~sive.'~ 

pain or  and peritoneum, causing a roughening of these surfaces. The l n tu s susce~ t i bn  the 
cant small intestinal dirten- peritoneal fluid is abundant and of hetemgenous echogenici- zmal1 'ppears as a 
tion. In  cases of chronic ty. Hyperechoic particles in the peritoneal fluid (arrow) may targetlike" lesion," with the 
peritonitis, fibrin deposition be consistent with gas bubbles. This sonogram was obtained intussusceptum visible with- 
on the serosa may occur, but with a 5-MHz linear transducer placed slightly to the left of in the lumen of the intus- 
the resultant surface irregu- the ventral midline in the mid-abdomin-' ---- suscipiens when scanned in 
larity and peritoneal effu- - a short axis. Varying degrees 
sion generally make it easier of intestinal wall edema are 
to differentiate peritonitis from primary thickening of seen in both segments, and fluid and/or ingesta may be 
the wall (Figure 5). observed within one or both lumen. The combination 

Wall thickness is increased in only a few loops in cas- of the two causes the target-shaped appearance created 
ss of strangulating obstruction of the small intestine, by concentric layers of different echogenicity. The small 



intestine segment proximal 
to  the intussusception is 
generally fluid-distended 
with normal or nearly nor- 
mal wall thickness and de- 
creased motility." Intussus- 
ceptions may involve any 
portion of the small intes- 
tine and occur more fre- 
quently in foals and young 
horses. 

Diaphragmatic hernia 
characterized by the pres- 
ence of loops of small intes- 
tine in the thoracic cavity 
can be diagnosed with ultra- 
sonography (Figure 6). Loops 
of small intestine are visual- 
ized under the lung margin 
without separation of the 
intestinal structures and 
ventral lung border by the 
diaphragm. Ileus may or  
may not  be present. T h e  

Figure 6-Diaphragmatic hernia characterized by the pres- 
ence of several loops of small intestine below the ventral as- 
pect of the lung surface and lack of visualization of the di- 
aphragm. The mesentery is clearly visualized because of the 
presence of abundant hypoechoic fluid. This sonogram was 
obtained by placing the long axis of a 5-MHz linear trans- 
ducer in the intercostal space (dorsal is to the right and ven- 
tral to the left of the image). .............................................. 

stomach or liver may rarely 
be displaced into the tho- 
racic cavity. Diaphragmatic 
hernias may be accompa- 
nied by some degree of  
pleural/peritoneal effusion 
characterized by anechoic 
fluid below the lung mar- 
gins and around the loops 
of intestine. 

Cecum and Large Colon 
The large colon occupies 

the ventral and cranial as- 
pects of the abdomen and 

the liver' Figure 7-Pne~~moperitoneum in a horse 48 hours after lap- 
and diaphragm in arotomy. Reverberation artifacts are present dorsal to the 

The cecum is located spleen. The presence of gas in the dorsal aspect of the ab- 
on  the right side, under- dominal cavity was imaged in both sides. This sonogram was 
neath the body wall, and obtained with a 3.5-MHz curved linear transducer placed at 
courses cranioventrally from midheight of the left flank. 
the right paralumbar fossa. " ---- -'- ---- ---------- --- --------- - ----- ----- 
Haustra appear as a series of 
rounded, hyperechoic lines. The wall of the colon and 
cecum generally appears thicker and rougher than that Colonic Impaction 
of the small intestine. In most cases, only the most su- Sand impaction of the 
perficial portion of the large colonic or cecal wall can in cases of chronic colic 
be seen because of the presence of gas that prevents fur- and geographic location. 
ther penetration of ultrasound waves. is sometimes difficult to 

Nephrosplenic 
Entrapment 

Nephrosplenic entrapment 
of the large colon impairs vi- 
sualization of the left kidney. 
The condition is character- 
ized by a gas echo dorsal to 
the spleen in the left par- 
alumbar fossa in a space de- 
limited by the 17th inter- 
costal space cranially, ventral 
lumbar muscles dorsally, and 
cranial thigh musculature 
caudally.12 Nephrosplenic en- 
trapment is often accompa- 
nied by ventral displacement 
of the spleen to the right of 
the ventral midline. 

Ultrasonographic exami- 
nation of the nephrosplenic 
space can be used in con- 
junction with rectal palpa- 
tion to assess the progress 
made in attempts to correct 
the displacemint by rolling 
the horse. However, examin- 
ers should be cautious in 
their interpretation of the 
presence of a gas echo dorsal 
to the spleen; the small colon 
or small intestine is some- 
times visualized between the 
spleen and the left kidney, 
and this is generally an inci- 
dental finding not related to 
colic. Pneumoperitoneum 
may also create a gas inter- 
face in the dorsal aspects of 
the peritoneal cavity (Figure 
7 ) .  ,Ultrasonography should 
be used in combination with 
other parameters (e.g., histo- 
ry, clinical signs, rectal palpa- 
tion) to support the diagno- 
sis of nephrosplenic 
entrapment of the large 
colon. 

large colon is often suspected 
or diarrhea based on history 
Definitive diagnosis, however, 
obtain. Ultrasonography may 



provide a useful comple. 
ment to other examinations 
to confirm the presence of 

and may help practi- 
tioners follow the condi- 
tion's progress. When pres- 
ent in large amounts in the 
large intestine, sand is fre- 
quently seen on the ventral 
aspect of the abdomen. A 
band of variable thickness 
and homogenous echogen- 
icity with a somewhat glit- 
tery appearance can be visu- 
alized under the brighter 
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limit of the large intestine. Figure ,usceptlon rlzed by the loss in the intestinal barrier, 
When the dorsal layers can presenc segment o separated leading to changes in the 
be visualized, a slow, hori- from the body by a ''Yer of large lntestinal and peritoneal 

(intussuscepturn, arrow; intussuscipiens, arrowhead). The 
zontal motion can some- deep wall of the intussuscepturn is not visible in this image. 

fluid. Characterization of 
times be observed. The large intestine can be recognized by the presence of the peritoneal fluid using ul- 

Ulrrason0graphy can be haustra. This sonograrn was obtained by placing a 3.5-MHz trasound may deter- 

used in foals to support the curved linear transducer in the caudoventral portion of the mine the prognosis ac- 
diagnosis of meconium im- abdomen to the right of the ventral midline. curately or to locate an area 

in  the large colop .............................................. where abdominocentesis 
or, more frequently, the ter- should be performed. Pa- 
minal portion of the smal rameters to be evaluated in- 
colon dorsal to the bladder. clude quantity, echogenicity, 
Meconium impactions have motion, and the presence of 
soft-tissue e c h o g e n i ~ i t y . ~  solid particles or gas echoes. 
Hypoechoic or echogenic In normal horses, only a 
masses of meconium in the small amount of anechoic 
large intestine are often sur- fluid should be present be- 
rounded by fluid.I3 tween intraabdominal or- 

gans or underlying the ab- 
/ntussusception dominal wall. Abdominal 

Intussusceptions are ob- 1 fat is found between the 
served less frequently in the muscular layers of the body 
large colon and cecum than I wall and the parietal peri- 

l 
in the small intestine. Ultra- toneum, appearing as a ho- 
so no graph^ may be helpful mogenous, hypoechoic layer 

Figure 9-Abdom ~aracter~zed by the presence of a 
in diagnosing ileocecal and hypoechoic layer containing brighter "sparkles," rechoic "sparkles" underlying the 
cecocolic intussusceptions parietal peritonel 

I ) .  This sonograrn was obtained and is relatively fixed in its 
(Figure 8).14 If the intussus- with a 3 , 5 - ~ ~ z  curved transducer placed on the ven- relationship to the abdomi- 
ceptum is surrounded by tral nal wall (Figure 9). Abdomi- 
fluid, the rno segments may .............................................. nal fat should not be mis- 
be observed clearly. Intus- taken for peritoneal fluid. 
susceptums are often markedly thickened from edema Large amounts of anechoic fluid without particles may 
and necrosis. If gas is present, the deep wall of the in- be consistent with transudate, early exudate, or uroperi- 
tussuscipiens may not be apparent. toneum. In the presence of large amounts of fluid, loops 

of intestine and intraabdominal organs appear separated 
Colitis from one another and "lifted' from the ventral aspect of 

Horses with imp y present the abdomen. The echogenicity of the fluid increases 
with signs of abdominal discullllulL allu JlluLR. In these with the cellular content. Exudate is more echogenic 

inal fat ct 
with hype] 
Im (arrou . .. 

cases, transabdominal ultra- 
sonography generally reveals 
a fluid-filled large colon and 
cecum. There may be an in- 
crease or decrease in intesti- 
nal motility, and the fluid 
content  may be static o r  
rapidly swirling within the 
lumen. 

Peritoneum and 
Peritoneal Fluid 

Gastrointestinal disorders 
responsible for colic may be 
accompanied by an integrity 

MECONIUM IMPACTION E PERITONEAL FLUID I ABDOMINAL FAT 



Figure 10-Exudate characterized by the presence of highly Figure 11-Uroperitoneum associated with ruptured bladder 
cellular fluid bathing the viscera in a horse with septic peri- in a postpartum mare. Note the presence of a loop of small 
tonitis caused by intestinal perforation. This sonogram was intestine casting an acoustic shadow. Mesentery (arrow) is also 
obtained with a 5.0-MHz curved linear transducer placed on visible in this sonogram, which was obtained with a 3.5-MHz 
the ventral abdomen. curved linear transducer placed on the ventral abdomen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ hemorrhage, blood appears echogenic. If intraabdominal 
bleeding is severe, such as in some cases of uterine artery 
or splenic rupture, a swirling motion can be observed ' (Figure 12). Within hours, clots appearing as masses of 
heterogenous echogenicity may be formed. 

Particles observed floating freely in the peritoneal flu- 
id or attached to viscera may consist of ingesta or fibrin. 
Viscus rupture is often accompanied by the presence of 
abundant fluid that appears hypoechoic and contains 
hyperechoic ingesta. Gas bubbles forming small, bright 
sparkles floating in the abdominal fluid (Figure 5) are - - 
frequently seen in cases of ruptured viscus. 

The serosal surfaces of the abdominal organs and pari- 
etal peritoneum may present with abnormalities. Deposi- 
tion of fibrin results in an increased thickness of the peri- 

Figure 12-Hemoperitoneum caused by hemorrhage in a 
mare with a history of recent trauma in the left flank. Note 
the swirling hyperechoic material caused by hemorrhage in 
this case. This sonogram was obtained with a 3.5-MHz 
curved linear transducer placed on the ventral abdomen. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

than is transudate or urine and appears as a layer of fine, 
particulate, homogenous material bathing the viscera 
(Figure 10). Urine in adult horses appears as an anechoic 
fluid, but because of the high content of calcium-carbon- 
ate crystals and mucus, the appearance of uroperitoneum 
may vary from anechoic to hypoechoic (Figure 1 1). The 
site of bladder rupture may sometimes be visualized in 
foals using transabdominal ultrasound, but transrectal 
examination is necessary in adult horses. Diagnosis of 
uroperitoneum may be confirmed by analyzing the fluid 
collected via abdominocentesis. In acute abdominal 

toneal lining (Figure 5) .  Fibrin usually forms "tags" that 
appear as strands connected to viscera or the parietal 
peritoneum. Fibrin is frequently observed in cases of 
chronic peritonitis, but it may form within a few hours 
in severe cases of intestinal damage. Metastases originat- 
ing from intraabdominal neoplasia may occasionally cov- 
er the peritoneum, creating a granulomatous, irregular 
appearance. Adhesions between serosal surfaces may be 
suspected if a portion of the intestinal tract is repeatedly 
observed in the same location and no movement inde- 
pendent from adjacent serosal surfaces is present. Fibrin 
tags connecting loops of intestine can sometimes be visu- 
alized and may also be located between intestinal loops 
and peritoneum or other intraabdominal organs. Care 
should be taken not to interpret normal structures (e.g., 
mesentery) as fibrin. If a significant amount of effusion is 
present within the abdominal cavity, the mesentery may 



be delineated by fluid and appear as a bright, linear echo 
attached to a loop of small intestine (Figure 6).  

Pneumoperitoneum is generally associated with bow- 
el rupture or recent laparotomy. Free gas in the ab- 
domen may occasionally be imaged as a hyperechoic 
area underlying the body wall in the dorsal abdomen. 
Reverberation artifacts may also be present (Figure 12). 
pneurnoperitoneum should not be confused with the 
presence of gas within the large colon or cecum. Con- 
firming pneumoperitoneum may require radiography 
of the craniodorsal aspect of the peritoneal cavity to 
identify the presence of air outlining the peritoneal sur- 
face of the diaphragm or kidneys. 

DIAGblOSING NONGASTROINTESTINAL 
CAUSES OF COLIC 
Reproductive Tract 

Mares in late gestati xperience some discom- 
fort because of the sp ~terus occupies and the 
subsequent compressio ension on, intraabdomi- 
nal structures. If transrectal palpation is not effective 

during advanced pregnancy, 
abdominal ultrasonography 
can be used to evaluate the 
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Urinary Trac 
Abdominal u ~ s ~ c ~ ~ t i o n  

caused by uroperi toneum 
in cases of bladder rupture 
may cause mild colic in foals 
and, less commonly, adult 
horses.I6 Nephrolithiasis and 
ureteral calculi may be as- 
soci: mild discom- 
fort. trasonography 

may icians confirm 
the ~ L C ~ C I I K  uf calculi. 

Liver and Biliary Tract 
Cholelithiasis is com- 

monly associated with recurrent abdominal discomfort, 
icterus, and intermittent fever.''-" Ultras~nograph~ of 
the liver is frequently used to diagnose cholelithiasis. 

Nondigestive Organ Masses 
Masses within the abdominal cavity may cause signs 

of abdominal d i ~ c ~ m f o r t .  Intraabdominal abscesses, 
hematomas, or neoplastic masses can occasionally be 
diagnosed using transabdominal ultrasonography. Ab- 
scesses often have a loculated appearance and may in- 
volve a portion of intestinal wall.* A hyperechoic cap- 
sule may be present and, in some cases, air-fluid 
interfaces are observed, causing an acoustic shadow 
within the mass. Neoplastic and granulomatous masses 
vary from hypoechoic to hyperechoic in appearance 
with different degrees of homogeneity in echogenicity. 
Abdominal tumors may involve various organs, lymph 
nodes, and vessels. Metastases frequently occur in hors- 
es with abdominal neoplasms, and ultrasonography 
may reveal their presence in various organs or on the 
peritoneum. 

CONCLUSION 
Transabdominal ultrasonography is a useful comple- 

ment to the traditional examination of colic patients. It 
is a safe, noninvasive tool that greatly enhances the di- 
agnostic ability of practitioners. Transabdominal ultra- 
sonography is strongly recommended in young animals 
or small horses in which rectal palpation cannot be per- 
formed safely. Care should be taken, however, not to 
rely strictly on ultrasound images to establish a diagno- 
sis. Artifacts are common and may be misleading. Any 
information obtained during ultrasonographic exami- 
nation must be correlated to other clinical parameters. 
The experience necessary to interpret images accurately 
can be acquired by scanning normal horses before ex- 
amining patients with abdominal crisis. The systematic 
use of abdominal ultrasonography in cases of colic 
helps practitioners become familiar with some of the 
changes induced in the intraabdominal environment. It 
may also help to determine the correct therapy early in 
the disease process, thereby improving the prognosis for 
correcting the condition. 
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ducer than with a 3.5-MHz transducer. 
e. Horses with a thick body wall or abundant peritoneal fat 

require a 7.5-MHz transducer for transabdominal exami- 
nation of the GI tract. 

4. Patient preparation for transabdominal ultrasonography re- 
quires 
2. systematic clipping and shaving of the area to be exam- 

ined. 
b. sedation because this procedure is generally not well tol- 

erated by horses. 
c. general anesthesia in foals. 
d. lateral recumbency in foals. 
e. only copious application of isopropyl alcohol if the hair is 

short and clean. 

5. General principles of ultrasonography imply that 
a. fluid is always black on ultrasound images. 
b. areas located deep to a fluid structure appear darker than 

does the surrounding tissue because of acoustic shadow- 
ing. 

c. gas or bone enhances the echogenicity of the structures 
located deep to it. 

d. lower-density tissue with high fluid content appears 
brighter than does higher-density tissue that contains lit- 
tle fluid. 

e. gas and bone appear as bright, hyperechoic structures. 

6. When visualized by transabdominal ultrasonography, the 
stomach 
a,  is best visualized from the right side of the thorax. 
b. is located medial to the splenic vein. 
c. is generally filled with fluid. 
d. may displace the spleen ventrally and caudally in cases of 

severe distention. 
e. b and d 

7. When visualized by transabdominal ultrasonography, the 
small intestine 
a. is generally seen in the cranial portions of the ventral ab- 

domen. 
b. is filled with gas, which prwents visualization of com- 

plete loops. 

c. has a wall thickness of approximately 2 mm. 
d. has a fxed diameter throughout its entire length. 
e. is always observed in the same location (except for the 

duodenum). 

8. Which of the following statements regarding examination of 
small intestinal pathologies using transabdominal ultraso- 
nography is false? - 
a. Small intestinal distention associated with obstruction 

appears as rounded, fluid-filled structures closely apposed 
to each other. 

b. Infiltrative disease of the intestinal wall generally appears 
less echoic than does mucosal wall edema. 

c. Intussusceptions appear as target-shaped lesions when 
viewed in short axis. 

d. Apparent thickening of the intestinal wall may be caused 
by peritonitis. 

e. Diagnosis of diaphragmatic hernia may be supported by 
the presence of loops of intestine within the thoracic cav- 
ity (underlying the ventral margin of the lung). 

9. Transabdominal ultrasonography of the large colon 
a. generally provides an image of the entire lumen and both 

the near and far walls due to the transmission of ultra- 
sound waves by fluid content. 

b. always allows accurate diagnosis of nephrosplenic entrap- 
ment. 

c. allows accurate dmgnosis of colon torsion. 
d. helps to determine if abdominal discomfort is associated 

with impending colitis. 
e. is not helpful in horses with acute abdominal pain. 

10. Which of the following statements regarding examination of 
peritoneum and peritoneal fluid using transabdominal ultra- 
sound is true? 
a. Peritoneal fluid cannot be obsewed in most normal horses. 
b. A large amount of dark peritoneal fluid containing multi- 

ple particles and gas "bubbles" is consistent with an exu- 
date. 

c. Peritoneal fat can sometimes be mistaken for peritoneal 
fluid because of its dark appearance and hyperechoic 
"sparkles." 

d. When visualized by ultrasound, blood is less echoic than 
is urine. 
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