
Ultrasonography of the Acute Abdomen 

For many years, ultrasonography has been considered to be one 
of the most valuable imaging techniques for evaluation of the 
abdominal cavity and its organs. In most cases, abdominal 
ultrasonography helps obtain information that leads to a defini- 
tive diagnosis. Ultrasonography is also valuable to narrow the list 
of differential diagnoses obtained with other diagnostic tech- 
niques. This article discusses the role of ultrasound for the 
diagnosis of the most common diseases that can produce clin- 
ical signs of acute abdominal pain. Abdominal organs that can be 
evaluated using ultrasound include the liver, biliary system, pan- 
creas, stomach, small intestine, kidney, urinary bladder, uterus, 
and prostate. Pathologies of the abdominal cavity and retroper- 
itoneal space can be also diagnosed with ultrasonography. In- 
terventional ultrasound techniques are useful to either assist in 
getting the definitive diagnosis or to treat certain pathologic 
conditions. 
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The most common artifacts in ultrasound are through trans- 
mission and shadowing. Through transmission artifacts origi- 
nate when the ultrasound beam interacts with a fluid-filled 
structure (Fig 1). The ultrasound beam is not attenuated by 
fluids. Rather, the beam is transmitted. Then the ultrasound 
beam interacts with the tissue located underneath the fluid- 
filled structure and it is reflected, producing echoes of high 
intensity that appear as relatively hyperechoic areas. Shadow- 
ing artifacts are produced by highly reflective tissues (Fig 2). 
The ultrasound beam is completely reflected back to the trans- 
ducer, such that no ultrasound beam is transmitted to the tis- 
sues lying beneath the highly reflecting tissue. Because there are 
no echoes coming back to the transducer to produce a signal, 
this area appears completely anechoic. 

Organs located underneath highly reflected tissues may not 
be seen at all. The goal of this study is to review the role of 
ultrasonography in the diagnosis of acute abdomen in the small 
animal patient.4-6 

A cute abdomen is considered an emergency in veterinary 
medicine. In general, acute abdomen is a medjcal term that 

defines the sudden onset of abdominal pain. Other clinical Hepatobiliary System 
signs may be present in addition to abdominal pain, including 
abdominal distention, vomiting, diarrhea, anorexia, lethargy, Techniques for performing an ultrasound examination of the 

postural and gait changes, and shock.lJ Accurate and prompt hepatobiliary system and its normal ultrasonographic appear- 

diagnosis assures successful management and implementation ance have been well documented.’ The hepatic parenchyma 

of appropriate therapy. Diagnostic imaging tools, such as radi- normally appears as homogenous and hypoechoic in nature.738 

ology and ultrasonography, can assist in the diagnosis and The hepatic veins are differentiated from portal veins because 

treatment of acute abdomen. The causes of acute abdomen in portal veins have hyperechoic walls, while the hepatic veins do 

the small animal patient have been reviewed already.l-3 not. The gallbladder can be visualized as an anechoic ovoid 

The physical principles of ultrasonography also have been structure producing a through transmission artifact. Sediment 

reviewed previously by others.+-6 An ultrasound image is appears as echogenic material within the gallbladder and is a 

formed when the ultrasound waves directed into the patient are normal finding in dogs and cats. Hepatomegaly is difficult to 

reflected by the different abdominal organs. The ultrasound diagnose with ultrasound. Extension of the left aspect of the 

beam can be reflected, attenuated, or transmitted, depending liver ventral to the stomach can be assessed for indications of 

on the internal architecture of the organ. The ultrasound beam hepatomegaly. The liver lobe in that area can be also evaluated 

is reflected by very dense tissues or structures (calculi, fibrous for changes in its margins, such as having rounded borders. The 

or sclerotic tissue, and bone), forming very bright, hyperechoic echogenicity of the liver parenchyma should be compared with 

images. The ultrasound beam is partially reflected, partially the echogenicity of the spleen and renal cortex. Normally, the 

transmitted, and partially attenuated by soft tissues (parenchy- liver should be slightly more echogenic or isoechoic (same 

ma1 organs such as liver, spleen, and kidneys), forming hypo- echogenicity) when compared with the renal cortex; and 

echoic images that appear as different shadows or shades of should be hypoechoic compared with the splenic parenchyma. 

gray. Finally, the ultrasound beam is completely transmitted by Overall echogenicity of the liver may be normal, or may be 

fluid-filled structures forming anechoic black areas. decreased with increased visualization of the portal veins in 
cases of acute hepatitis and severe suppurative hepatitis.‘-9 
However, a similar ultrasonographic appearance may be 
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Fig 1. Ultrasonographic image of the liver and gall bladder 
(arrowheads). Through transmission artifact (arrows) is pro- 
duced by the gall bladder as a fluid-filled structure. 

portal vein and hepatic arteries compensate in an attempt to 
supply increased blood flow to the inflamed liver. 

Hepatic abscess formation is not a very common pathologic 
finding in veterinary medicine. Abdominal radiographs may 
reveal hepatomegaly, decreased abdominal detail, or evidence 
of a liver mass. The ultrasonographic pattern of abscesses 
within the hepatic parenchyma is extremely variable. The char- 
acteristic pattern depends on the age of the abscess, the pres- 
ence of central area of necrosis, and the content of the abscess. 
A liver abscess may appear anechoic, hypoechoic, hyperechoic, 
or isoechoic. It has been reported that the most common ultra- 
sonographic feature of hepatic abscess is the visualization of a 
fairly rounded well-circumscribed area with hyperechoic mar- 
gins surrounding a hyperechoic or anechoic central zone. Early 
changes are characterized by the presence of a hypoechoic area 
with an anechoic central area and a thin hypoechoic rim (Fig 3). 
A well-formed abscess has been described as a heteroechoic 

Fig 2. Ultrasonography of the liver and gall bladder (GB). 
Shadowing artifact (black arrows) is produced by a calculus 
in the neck of the GB (arrowheads). The diaphragm can be 
seen (white arrows). 

Fig 3. Ultrasonographic image of the right liver in sagittal 
plane (large arrows). The hypoechoic irregular-shaped struc- 
ture seen in the liver parenchyma represents the sono- 
graphic evidence of abscess. 

mass with a hyperechoic rim with either a hypoechoic or an- 
echoic center. Through transmission artifact may be observed 
depending on the content of the abscess and whether liquefac- 
tion necrosis is present. The presence of gas caused by gas- 
producing bacteria will produce hyperechoic pattern that varies 
from foci that appear diffusely hyperechoic or may appear as 
multiple hyperechoic areas. The history, clinical signs, and 
serum biochemistry profiles are important factors to use in 
conjunction with ultrasonographic findings to aid in the diag- 
nosis of hepatic abscess. Correlating clinical findings with 
sonographic findings that suggest a liver abscess is recom- 
mended because similar sonographic changes may be observed 
with other hepatic lesions, including neoplasia, nodular hyper- 
plasia, hematomas, sterile abscess, and granulomas. Ultra- 
sound-guided aspiration and monitoring after treatment by us- 
ing ultrasonography are also possible.7+3 

Ultrasonographic findings of liver lobe torsion have been 
described in a dog as evidence of a heteroechoic soft tissue 
density with a hyperechoic center (indicating the presence of 
gas). At surgery, torsion of the papillary process of the caudate 
lobe of the liver was found.r2 

Biliary System 

Diseases of the biliary system can also cause clinical signs of 
acute abdominal pain. Ultrasonography is a useful tool to eval- 
uate the gallbladder and the common bile duct.7J3J4 Acute 
cholecystitis may be characterized by thickening of the gall- 
bladder wall (Fig 4). 7~~ Cholelithiasis and biliary sludge may be 
present. A patient may exhibit the Murphy sign, or pain elicited 
during ultrasonographic examination of the gallbladder. Visu- 
alization of reverberation and gallbladder wall thickening may 
be observed in dogs with emphysematous cholecystitis. Hy- 
perechoic areas within the lumen or wall of the gallbladder may 
also be observed. Gallbladder mucoceles have a very character- 
istic ultrasonographic pattern, as evidence by a striated appear- 
ance of sludge accumulation within an apparent intraluminal 
mass (Fig 5). The sludge does not move during scanning of the 
patient in a standing position or during mild agitation during 
the ultrasonographic examination. The gallbladder usually is 
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Fig 4. Ultrasonographic image of liver and gall bladder. The gall bladder wall is thickened (arrows). 

very distended.7 Cholangiohepatitis syndrome is characterized 
by decreased echogenicity of the hepatic parenchyma, in- 
creased visualization of the portal veins, and abnormal gallblad- 
der and bile ducts7J5 

Biliary tract obstruction can be identified ultrasonographi- 
tally by the presence of a dilated gallbladder and common bile 
duct (Fig 6). Dilation of the extrahepatic bile duct also may be 
identified. With persistent biliary obstruction, cystic-like dila- 
tion of the intrahepatic bile ducts may be present. Extrahepatic 
biliary obstruction may be observed in patients with pancreatic 
and duodenal tumors, hepatic abscesses, and portal lymphade- 
nopathy.14 Obstructive and nonobstructive biliary disease can 
be further documented by measuring the gallbladder emptying 
after injecting synthetic cholecystokinin (0.04 pg/kg) intrave- 
nously. Gallbladder emptying will be rapidly induced in unaf- 
fected dogs or dogs without biliary tract obstruction.16 Normal 
percentage of emptying has been reported as 40% within 1 hour 
(maximum response 5 to 20 minutes) after the injection of 

Fig 5. Sagittal plane ultrasonographic image of the gall blad- 
der with mucocele (see the text for detailed description). 
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cholecystokinin in completely normal dogs and dogs with non- 
obstructive liver disease and 20% in dogs with biliary obstruc- 
tion.16 No complications were observed performing this tech- 
nique. 

Choleliths are easily identified on the ultrasonographic ex- 
amination, and appear as a hyperechoic focus or multiple hy- 
perechoic foci with a strong shadowing artifact (Fig 7).7 A 
characteristic ultrasonographic feature of cholecystitis is thick- 
ening of the gallbladder wall. l7 The gallbladder often appears as 
hypoechoic, hyperechoic, or hyperechoic with surrounding 
rim of edema. This is called a double wall sign.17 Ultrasound- 
guided cholecystocentesis is an interventional ultrasound tech- 
nique to obtain a sample of bile for culture, bacterial suscepti- 
bility testing, and cytological examination. Ultrasound-guided 
cholecystocentesis has been reported to be very useful in con- 
firming a diagnosis of bacterial cholecystitis.17 Sedation is rec- 
ommended before attempting this diagnostic procedure. No 
risk has been reported; however, potential complications in- 
clude bile peritonitis caused by bile leakage. The author per- 
formed this technique in a cat at the Ultrasound Service of the 
Veterinary Teaching Hospital, Colorado State University. No 
complications were noted by the primary case clinician after the 
procedure was performed. The diagnosis of bacterial cholecys- 
titis was obtained, and the cat was treated successfully. 

Pancreas 

Pancreatitis is one of the most common causes of acute abdo- 
men. The right limb of the pancreas is located medial to the 
duodenum and lateral to the ascending colon (Fig 8). The left 
limb of the pancreas is located between the caudal aspect of the 
stomach and the transverse colon. The normal pancreas ap- 
pears isoechoic or slightly hypoechoic compared with the sur- 
rounding mesenteric fat. l8 Ultrasonographic findings consis- 
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Fig 6. Ultrasonographic image of the liver that shows dilatation of the cystic duct of the gall bladder. 

tent with pancreatitis include an enlarged and hypoechoic 
pancreas. In some cases, an irregular, hypoechoic ill-defined 
mass located in the pancreatic region may be observed (Fig 
9).1g,20 Dilation of the pancreatic duct also may be present (Fig 
10).ls Extrapancreatic sonographic findings include free fluid 
within the abdomen, small intestinal ileus (especially the duo- 
denum), and irregular, hyperechoic mesenteric fat suggesting 
saponification with focal peritonitis. Thickening of the walls of 
the duodenum and stomach along with displacement of both 
organs may also be observed.18 Common ultrasonographic 
changes for fatal acute pancreatitis reported in 70 dogs include 
a hypoechoic pancreas, hyperechoic peripancreatic tissues, en- 
larged and irregular pancreas, duodenitis, and extrahepatic bil- 
iary obstruction. The gallbladder may be enlarged and the bile 
duct may appear dilated. 20 In some patients, the pancreas may 
be ultrasonographically normal; however, in these cases, ultra- 

Fig 7. Ultrasonographic image of the liver and gall bladder. A 
colelith is seen in the neck of the gall bladder (arrowheads). 
Shadowing artifact is also observed (black arrows). The di- 
aphragm can also be seen (white arrows). 
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sonographic changes in the liver, such as hepatic lipidosis and 
peritoneal effusion, are frequently identified.7 Inflammatory 
mass formation affecting the pancreas or peripancreatic tissues 
secondary to acute pancreatitis has been reported in humans.21 
In humans, pancreatic phlegmon (solid masses as a result of 
edema, inflammation, and necrosis), pancreatic pseudocysts 
(accumulation of pancreatic enzymes, necrotic tissue, and 
hemorrhage surrounded by a capsule formed by granulation 
and fibrous tissues), and pancreatic abscesses have been re- 
ported to be the most common inflammatory masses of the 
pancreas.21 A retrospective study in seven dogs that underwent 
pancreatic mass after acute pancreatitis revealed that the most 
common finding on surgical exploration was the presence of a 

Fig 8. Transverse plane ultrasonography of the normal prox- 
imal duodenum (arrowheads) and right limb of the pancreas 
medial to it (arrows). 
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Fig 9. Ultrasonographic image of the right cranial abdomen 
(right pancreatic area ) in a dog with pancreatitis. A hypo- 
echoic mass (between cursors) surrounded by hyperechoic 
mesenteric fat (saponification) (arrows) is identified medial 
to the proximal duodenum. 

necrotic mass within the area of the pancreas. Only one dog 
developed a pancreatic abscess. lg Another common finding was 
obstruction of the biliary system with peritonitis. Ultrasono- 
graphic findings in two dogs in that study included a hyper- 
echoic mass with hypoechoic and anechoic areas in the 
pancreatic region. 19 Pancreatic abscess in dogs have been 
ultrasonographically described as hypoechoic masses in the 
pancreatic area with adjacent fluid accumulation (Fig 11).22 
Pancreatic pseudocysts also have been reported in a dog. Ab- 
dominal ultrasonography revealed the mass to appear mostly 

Fig 10. Sagittal sonographic images of a mildly enlarged left 
limb of the pancreas (white arrows) with dilated pancreatic 
duct (between cursors). The stomach can be seen (black 
arrows) ventral and cranial to it. 

Fig 11. Ultrasonography of the left cranial abdomen in a dog 
with pain in that region and depression. A pancreatic ab- 
scess characterized by a hypoechoic mass (arrowheads) is 
seen in the left pancreatic region. The left limb of the pan- 
creas is enlarged, hypoechoic and irregular-shaped (arrows) 
due to pancreatitis. These findings were confirmed on nec- 
ropsy. 

anechoic over hypoechoic in nature, with a small amount of 
through transmission artifact. Some echoes were also present 
within the anechoic mass.23 These sonographic characteristics 
might be useful to place a pseudocyst first on the list of differ- 
ential sonographic diagnosis, compared with a pancreatic ab- 
scess in dogs with longstanding pancreatic disease. Ultrasound 

Fig 12. Transverse ultrasonographic image of a segment of 
small intestine in a dog with abdominal pain and vomiting. A 
tubular soft tissue structure could be plapated. An intussus- 
ception can be seen (see the text for detailed explanation). 
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Fig 13. Ultrasonographic image of a segment of fluid-filled 
distended small intestine due to ileus in a dog with abdom- 
inal pain. Poor peristalsis was noticed during the actual 
sonographic evaluation. 

can also become a useful tool that can help in the treatment for 
pancreatic pseudocysts. Fine needle ultrasound-guided drain- 
age has been reported as a successful technique to treat pancre- 
atic pseudocysts in dogs. This technique is part of the so-called 
“interventional ultrasound.” No complications have been re- 
ported.24 

Gastrointestinal Tract 

Gastritis, gastric ulcers, and gastric dilation-volvulus are com- 
mon causes of acute abdomen. 1,2 Radiography is the best imag- 
ing technique to select for evaluation of gastric dilation-volvu- 
lus. The sonographic features of gastritis and gastric ulcers have 
been already reported by others.25,26 It is common to identify 
the layers of the stomach wall in dogs with inflammatory dis- 
ease affecting the stomach. 27 However, the layer identification 
is not possible in case of infiltrative neoplasia or severe gastri- 
tis.25,26,2* Ulcerated areas can be identified using ultrasonogra- 
phy, and appear as a mucosal defect or crater.28 Ultrasound has 
also been used to diagnose gastritis in dogs.25-27 Normal thick- 
ness of the stomach wall evaluated on ultrasound ranges from 3 
to 5 mm.27 The stomach wall thickness may range from 9 to 15 
mm in canine patient with gastritis. 25 Uremic gastritis is a fairly 
common finding in dogs with renal insufficiency. The sono- 
graphic findings include thickening of the wall of the stomach 
and rugal folds, and mineralization of the gastric mucosa as 
evidence by hyperechoic lines at the level of the gastric mu- 
cosa.26 The visualization of a hyperechoic curvilinear line with 
strong shadowing artifact is common sonographic pattern pro- 
duced by attenuating foreign bodies. Foreign bodies in the 
stomach are easy to identify during the sonographic examina- 
tion if there is fluid accumulation, commonly observed if a 
partial obstruction is present. Some foreign bodies can partially 

transmit the ultrasound wave and others cannot, depending on 
the physical characteristics of the foreign body.z7,2g 

Obstruction of the small intestine is one of the most common 
causes of acute abdomen due to gastrointestinal tract disease. 
Common causes of intestinal obstruction include foreign body, 
linear foreign body, and intussusception.25.27 Sonographic fea- 
tures for the diagnosis of intestinal intussusception are multiple 
concentric rings or a multilayered soft tissue structure with an 
apparent target lesion caused by fluid accumulation within the 
intestinal lumen (Fig 12). 25,z7 Inflammatory bowel disease is 
also a cause of acute abdomen. lz2 Inflammatory bowel disease is 
characterized by evidence of generalized paralytic ileus, fluid 
accumulation within the lumen of the affected intestinal seg- 
ment, and an increase in intestinal wall thickness with preser- 
vation of the normal layers (Fig 13).25,27 The same concepts 
mentioned above for foreign bodies in the stomach also apply 
for the small intestine. Linear foreign bodies can be identified as 
echogenic lines within the lumen of the small intestine, with a 
plicated appearance of the affected small intestinal segment. 
Enlarged mesenteric lymph nodes may also be observed be- 
cause of reactive hyperplasia. 25~ Intestinal lymphangiectasia 
may also produce clinical signs of acute abdomen. The radio- 
graphic and sonographic findings of this condition have been 
reported already. The ultrasonographic findings include abnor- 
mal thickening of the wall of the small intestine and stomach, 
increased echogenicity of the mesentery, a corrugated appear- 
ance of the small intestine, enlargement of the mesenteric 
lymph nodes, lack of visualization of the normal layers of the 
small intestine, and dilation of the segments of small intestine. 
Inflammation of the pancreas also may be observed.30 

Urinary System 

Ultrasonography is a useful tool that allows the visualization of 
the internal architecture of the renal parenchyma. This pro- 
vides information on changes of the ultrasonographic anatomy 
of the kidneys. 31 The sonographic anatomy of the kidneys is 
somewhat complex, and the reader should consult other arti- 
cles that offer a detailed description.32-34 The most valuable 
aspect of ultrasonography is its ability to differentiate fluid- 

Fig 14. Ultrasonographic image of the right kidney in dorsal 
plane and spleen (black arrows) in a cat with clinical signs of 
acute renal failure. The cortex of the right kidney is abnor- 
mally hyperechoic compared to the splenic parenchyma and 
there is also poor corticomedullary differentiation. The renal 
diverticulae (white arrows) are dilated due to mild hydrone- 
phrosis. 
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Fig 15. Ultrasonographic image of the right kidney in sagittal plane (short arrows). Dilatation of the renal pelvis (arrowheads) 
and renal diverticulae (long arrows) can be seen as evidence of hydronephrosis. 

filled cavities (cysts, abscesses) from solid masses such as neo- 
plasia.35J6 Unfortunately, there are no specific ultrasono- 
graphic patterns for accurate diagnosis of renal disease.3r,37 
Acute nephritis, glomerulonephritis, renal tubular necrosis 
caused by ethylene glycol toxicosis, renal calculi, acute pyelo- 
nephritis, acute hydronephrosis renal infarcts, hematomas, and 

Fig 16. Dorsal ultrasonographic image of the left kidney 
(white arrows) in a cat with pyelonephritis. There is dilatation 
of the renal pelvis (white arrowheads) with irregular internal 
surface. The proximal ureter is mildly dilated (between cur- 
sors). There is marked poor corticomedullary differentiation 
(black arrowheads). Notice that there is no dilatation of the 
renal diverticulae (compare with kidney on figure 15). 

abscesses are conditions referable to the kidneys that may pro- 
duce clinical signs of acute abdomen.l,2 A renal cortex that 
appears hyperechoic with poor corticomedullary differentia- 
tion is the most common finding on ultrasound in dogs with 
acute nephritis, glomerulonephritis, renal tubular necrosis, and 
pyogranulomatous nephritis in cats with feline infectious peri- 
tonitis (Fig 14).36,37 Animals with glomerulonephropathies 
may have normal ultrasonographic findings.35-37 Hyperechoic 
renal cortex and medulla (caused by deposition of calcium 
oxalate crystals) with a hypoechoic halo at the corticomedul- 
lary junction (caused by diminished deposition of calcium ox- 
alate crystals) are common sonographic findings in animals 
w&h ethylene glycol toxicosis. Episodes of anuria have been 
found in dogs with visualization of the halo sign, which indi- 
cates a poor prognosis. 38 Either renal or ureteral calculi pro- 
duce hyperechoic areas with acoustic shadowing.31J5J6 A hy- 
perechoic rim at the corticomedullary junction may be 
identified in dogs with hypercalcemia.39,40 This finding is not 
pathognomonic for hypercalcemia, as a hyperechoic rim sign 
may also be seen in normal cats and dogs.41 However, dogs with 
medullary rim sign with other concurrent ultrasonographic 
renal signs also commonly have renal disease.41 Radiolucent 
calculi that are not detected by conventional radiography can 
be identified with an ultrasonographic examination. The acous- 
tic shadowing produced by radiolucent calculi is weaker when 
compare with radiopaque calculi.sl 

Acute hydronephrosis is characterized by dilation of the re- 
nal pelvis, proximal ureter, and renal diverticulae (Fig 15). 
Ultrasound can detect whether renal or ureteral urolith are the 
cause of hydronephrosis. ff no calculi are seen in the kidneys or 
ureter, the trigone area in the urinary bladder should be care- 
fully evaluated to identify the potential cause of ureteral ob- 
struction, such as transitional cell carcinoma, prostatic tumor 
extending to the trigone region.31*42 Rhabdomyosarcoma at the 
level of the trigone of the urinary bladder causing severe hydro- 
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Fig 17. Sagittal plane ultrasonographic image of the left kidney with an anechoic ovoid structure in the caudal pole 
(arrowheads) due to an abscess. 

nephrosis bilaterally in a lo-month-old German Shepard has 
been observed by the author. Similar ultrasonographic features 
of mild acute hydronephrosis are also present in pyelonephri- 
tis, so the differentiation between mild pyelonephritis and mild 
hydronephrosis using ultrasound may be difficult (Fig 16). In 
some cases, the content of the dilated renal pelvis in dogs with 
hydronephrosis may have high cellularity and cellular debris. 
Debris can be visualized as very small multifocal areas of mixed 
echogenicity within the renal pelvis. Additionally, increased 
echogenicity of the mucosal surface of the pelvis and/or proxi- 
mal ureter, increased echogenicity of the renal cortex, hyper- 
echoic areas in the medulla, or focal hypoechoic areas in the 
renal cortex have been found in dogs with experimentally in- 
duced pyelonephritis. The proximal ureter sometimes can be 
dilated in most of the cases, and sometimes a complete ureteral 

dilation can be seen. Poor corticomedullary differentiation, ir- 
regularly shaped pelvis, and diverticula also may be 
present.31.43 Pyelectasia has been referred to as mild pelvic 
dilation without evidence of dilation of the diverticula or prox- 
imal ureter induced by diuresis. This normal condition should 
not be confused with mild hydronephrosis or pyelonephritis.31 
Renal infarcts are identified as focal triangularly shaped hyper- 
echoic areas seen in the renal cortex. Renal abscesses are char- 
acterized by the presence of focal hypoechoic or anechoic le- 
sions with hyperechoic foci if the fluid is very cellular (Figs 17 
and 18). Through transmission artifact produced by abscesses 
may not be as strong as the through transmission produced by 
renal cysts, which are completely anechoic with smooth and 
thin walls.35-37 

Sonographically, the urinary bladder is easily identified in 
the caudal abdomen as a well-circumscribed ovoid anechoic 
structure with a smoothly outlined wall. The inner and outer 

Fig 18. Sagittal plane sonographic image of the right kidney 
that shows a large hypoechoic well circumscribed structure 
in the mid to cranial aspect of the kidney (arrowheads). This 
is a renal abscess. Normal kidney parenchyma can be seen 
(arrows). 
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Fig 19. Sagittal plane ultrasonographic image of the urinary 
bladder in a dog with intraluminal hemorrhage due to severe 
trauma (hit by care) a few hours prior to the ultrasonographic 
examination. An irregular hyperechoic structure (arrow- 
heads) and multiple hyperechoic foci (arrows) (blood clot 
formation) are seen in the bladder. Notice that shadowing 
artifact is not seen, which is a key to rule out bladder stones. 
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Fig 20. Ultrasonographic image of the uterine horns in a 
bitch with closed pyometra. See the text for detailed descrip- 
tion. 

aspects of the bladder can be visualized. No echogenic material 
should be seen within the urinary bladder. Directing the ultra- 
sound beam on sagittal plane from the apex to the most caudal 
aspect of the bladder, the trigone area can be identified in the 
area in which the urinary bladder narrows. At that point, the 
most cranial aspect of the urethra can be observed in the area of 
the trigone. Low gain settings should be used to avoid intense 
echoes returning to the transducer, which can produce echo- 
genie artifacts within the urinary bladder. This artifact may be 
interpreted as the presence of cellular debris or crystalluria.31 If 
any of these conditions are suspected, the patient should be 
evaluated in standing position to evaluate changes in the posi- 
tion of the echogenic foci. Gentle agitation of the urinary blad- 
der is another useful strategy to check for motion of the echo- 
genie foci. High gain settings may also interfere with adequate 
evaluation of the urinary bladder wall. When measuring the 
thickness of the urinary bladder wall, the size of the bladder 
should be subjectively assessed.31 Increased thickness of the 
bladder wall in an empty urinary bladder should not be misin- 

Fig 21. Ultrasonographic image of the left uterine horn in a 
bitch with opened pyometra. The uterine horn (arrowheads) 
contains anechoic fluid (arrows) and the mucosa is very 
thickened and irregular (between cursors) due to concurrent 
metritis. 

Fig 22. Sagittal plane ultrasonographic image of the prostate 
(black arrows) in a dog with tenesmus, dyschezia, and scro- 
tal purulent discharge. The prostate is enlarged (between 
cursors) and has a central anechoic area with multiple small 
hypoechoic foci (white arrows). Although the differential di- 
agnosis includes prostatic cyst and prostatic abscess based 
solely on the ultrasonographic findings, abscess was highly 
supected due to the presence of hypoechoic foci within the 
fluid-fileld structure. A prostatic abscess was confirmed 
during surgery. 

terpreted as abnormal. Normal thickness of the bladder wall is 
approximately 1.0, 1.4, and 2.3 mm in diameter in the fully 
distended, moderately distended, and poorly distended blad- 
der, respectively.44 The wall of the bladder can be 1 mm thicker 
in heavy dogs when compared with light dogs. In cats, normal 
urinary bladder wall thickness has been reported to range from 
1.3 to 1.7 mm.31 

Fig 23. Ultrasonographic image of the retroperitoneal space 
caudal to the right kidney. A large hypoechoic structure 
(large arrows) (due to inspissated purulent material) with 
some anechoic areas, focal rounded hyperechoic areas 
(small arrows) (focal mineralization), and thick wall (arrow- 
heads) can be seen. Pus was obtained on aspiration. A 
retroperitoneal abscess was found on surgery. 
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Fig 24. Ultrasonographic image of an abdominal hematoma 
due to spontaneous recent hemorrhage. A rounded w$l- 
defined anechoic structure (between cursors) with a focal 
hyperechoic central area (arrows) can be seen. 

Radiolucent and radiopaque calculi are easily detected with 
ultrasound. In both cases, the calculi appear as hyperechoic 
areas with strong acoustic shadowing. The examiner should be 
aware that the colon usually lies adjacent to the urinary bladder 
and appears hyperechoic because of the presence of intralumi- 

nal gas. The colon often appears as a hyperechoic curved line 
and may be confused with large urinary calculi. Evaluating the 
dog in standing position, applying gentle agitation of the blad- 
der with the transducer, and scanning the area in different 
planes are important to differentiate the colon from large uri- 
nary calculi. This maneuver is also important to differentiate 
free gas within the urinary bladder (either from previous cath- 
eterization or from the presence of gas-forming bacteria as a 
cause of cystitis). Irregular or a striated appearance of an echo- 
genie mass lesion in the lumen of the bladder is a consistent 
sonographic finding for blood clots. The mass can be either 
attached to the urinary bladder wall or free within the bladder 
lumen. If the blood clot is adhered to the wall of the bladder, it 
may be difficult to differentiate it from an intraluminal 
mass.31,45,46 The author has seen intraluminal hemorrhage 
caused by recent trauma (hit by car) as a very hyperechoic mass 
type lesion free within the lumen of the bladder in a dog (Fig 
19). Thickening of the urinary bladder wall, mainly seen in the 
cranioventral aspect of the bladder, is a common finding in 
cases of cystitis. The thickening may be diffused involving the 
entire bladder wall. Polypoid formation and small multiple 
masses may also be present. 31z+5 When evaluating for mural 
masses within the urinary bladder, the examiner may observe a 
smooth, slightly convex, focal, well-defined small mass-like 
structure just cranial to the trigone area. This finding has been 
explained as the visualization of a short portion of the intramu- 
ral part of the ureter. This is not frequently observed, depend- 
ing on normal variation of the degree of bladder distension in 
some dogs. In some instances, two mass effects may be visual- 
ized when scanning on transverse view. If color Doppler is 
available, it can sometimes demonstrate the jet effect of the 
urine entering the bladder.47 

Fig 25. Ultrasonographic image of the abdomen in a dog with sclerosing peritonitis. Multiple linear hyperechoic 
set ?n in the ascitic abdomen due to sclerotic transformation of the peritoneal layer and fibrin. 

structures are 
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Reproductive System 

Conditions of the reproductive system that can be diagnosed 
with ultrasound and also are associated with clinical signs of 
acute abdomen include pyometra and endometritis in the fe- 
male and acute prostatitis and prostatic abscess in the male.i,2 

The normal uterus may be difficult to visualize with ultra- 
sound, mostly during metaestrus and anestrus. During 
proestrus and estrus, the body of the uterus can be seen some- 
times as a hypoechoic tubular structure dorsal to the urinary 
bladder, and the left and right horns can be followed cranially as 
the transducer is moved.48 

Pyometra is defined as the presence of purulent material 
within the lumen of the uterus because of exaggerated influence 
of progesterone on the endometrium. Pyometra is identified as 
an anechoic to hypoechoic tubular structure (depending on the 
amount of cellular debris present in the purulent material), 
which can be linear or convoluted. Through transmission arti- 
fact may be seen. The walls of the uterus are usually thin.+*,@ 
Unpublished data from a pilot research performed by the au- 
thor at the Veterinary Policlinic, College of Veterinary Sciences, 
University of Zulia, Venezuela, on bitches with pyometra show 
some interesting findings. Twelve bitches were ultrasono- 
graphically evaluated after estrus because of clinical signs con- 
sistent with pyometra. Most of the patients were presented 
within 30 to 40 days after the onset of a heat cycle. Eight bitches 
had closed pyometra (without evidence of vaginal discharge), 
and the remaining four had open pyometra (with evidence of 
abnormal vaginal discharge). In bitches with closed pyometra, 
the uterus appeared as a tubular anechoic to hypoechoic, se- 
verely distended, convoluted structure (Fig 20). Two to three 
anechoic circular structures were also seen when scanning in 
transverse view. The uterine wall appeared mildly thickened in 
most of the patients. In bitches with open pyometra, the uterus 
appeared mildly enlarged with small amount of anechoic to 
hypoechoic fluid. Most commonly, the uterus appeared as a 
linear tubular structure. The uterine wall appeared very thick- 
ened and with a smooth outline (Fig 21). Interestingly, in one 
bitch, the uterus appeared as a hypoechoic linear structure 
without intraluminal fluid accumulation, but had anechoic cys- 
tic-like structures. This was observed on both sides of demid to 
caudal abdomen. Cystic endometrial hyperplasia was diag- 
nosed. Cystic lesions containing purulent material were con- 
firmed at surgery. Similar findings have been observed in a 
bitch examined at the VTH of Colorado State University. This 
form of presentation of pyometra can be called atypical pyome- 
tra. The diagnosis of pyometra was confirmed after surgery in 
all patients. The mildly distended uterus can be distinguished 
from an intestinal loop because of the absence of peristalsis in 
the uterus and no visualization of normal intestinal layers.48-*0 
Endometritis can be identified on ultrasound as a mildly dis- 
tended uterus that contains anechoic to hypoechoic fluid. The 
uterine wall is usually very thickened, and the mucosal lining is 
very irregular.48 

The normal prostate is seen on sonographic evaluation as a 
hypoechoic bilobed (on transverse plane) or circular (on sagit- 
tal plane) structure located caudal to the urinary bladder in the 
intact male dog. In the castrated dog, the prostate is seen also 
caudal to the bladder as an ovoid elongated hypoechoic struc- 
ture. In both cases, the normal echogenicity of the prostate is 
homogenous with well-defined, smooth margins. An enlarged 
prostate with diffusely or patchy hypoechoic areas throughout 

the prostatic parenchyma have been observed in dogs with 
acute bacterial prostatitis. The presence of cavitations in the 
prostate that may vary from anechoic to hypoechoic has been 
reported as a common finding in dogs with prostatic abscess 
(Fig 22). The level of echogenicity of the purulent material in 
the abscess depends on the amount of cellular debris. Reactive 
lymphadenopathy affecting the medial iliac lymph nodes may 
be present in both pathologic processes.4s,*i,52 

Abdominal Cavity and Retroperitoneal Space 

Conditions in the abdominal cavity that can produce clinical 
signs of acute abdomen include abscess formation, hematomas, 
and peritonitis. An abscess in the abdominal cavity or retroper- 
itoneal space can be seen as a fluid-filled cavity with thick, 
irregular walls. Through transmission artifact may be seen. The 
sonographic characteristics of the fluid may be anechoic to 
hypoechoic, depending on the viscosity of the fluid. Hyper- 
echoic internal multifoci may be present because of the pres- 
ence of cellular debris (Fig 23). The presence of gas caused by 
gas-producing bacteria in the abscess may also produce hyper- 
echoic areas with an irregular distribution. Abscesses also can 
have a very complex echotexture. Abscesses and granulomas 
have been reported in dogs as consequence of grass awn migra- 
tion. The sonographic features of hematomas in the abdomen 
or retroperitoneal space are variable, and depending on the 
time that it is observed after its formation. Recently formed 
hematomas appear as irregular and ill-defined echogenic struc- 
tures (Fig 24). As clot lysis and retraction occur, the hematoma 
takes on a more anechoic appearance.53 

Ultrasound is exquisitely more sensitive than radiographs for 
detecting a small amount of peritoneal effusion.54 The areas to 
be scanned to look for small amount of ascites are at the level of 
the apex of the urinary bladder and at the renal fossa of the liver 
between the right kidney and the caudate lobe of the liver. Small 
amount of fluid also may be detected around the gallbladder. 
Irregular and extremely hyperechoic to heteroechoic mesen- 
teric fat is a common finding for peritonitis. This is commonly 
seen in dogs with severe acute pancreatitis.53 Severe chronic 
peritonitis may predispose to sclerosing peritonitis. This im- 
plies thickening and histologic transformation of the peritoneal 
layer associated with transformation of fibrin into sclerotic tis- 
sue. This sclerotic tissue organizes in the abdomen, forming an 
encapsulated type mass lesion called “abdominal cocoon” or 
encapsulated ascites, and may be confused with an abdominal 
mass on palpation and also on radiographs. Segments of small 
intestine may become entrapped in the cocoon, which dimin- 
ishes the peristalsis, giving the small intestine a corrugated 
appearance. Multiple hyperechoic linear structures inter- 
spersed within an anechoic area (the ascitic fluid) may be seen 
on ultrasound (Fig 25). The anechoic area is encapsulated by a 
very hyperechoic membrane.55 

References 
1. William DS: The acute abdomen. Vet Clin North Am (Sm Anim Pratt) 

24:1207-l 224, 1994 
2. Dillon AR, Spano JS: The acute abdomen. Vet Clin North Am (Sm 

Anim Pratt) 13:461-475, 1983 
3. Walters PC: Approach to the acute abdomen. Clin Tech Small Anim 

Pratt 1563-69, 2000 
4. Cruz R, Roo YJ, Alvarado MS, et al: Principios Fisicos y Aplicaciones 

de la unltrasonografia modo B en tiempo real en la evaluation del 

30 ROBERT CRUZ-ARAMBULO 



aparato reproductive del canine: una revision (Physical principles 
and applications of real time B-mode uitrasonography on evaluation 
of canine reproductive tract: a review). Revista Cientifica de la 
Facultad de CS. Veterinarias de La Universidad del Zulia 1:35-49, 
1997 

5. Nyland TG, Matoon JS, Herrgesel EJ, et al: Physical principles, 
instrumentation, and safety of diagnostic ultrasound, in Nyland TG, 
Matoon JS (eds): Small Animal Diagnostic Ultrasound (ed 2). Phila- 
delphia, PA, Saunders, 2002, pp 93-127 

6. Herring DS, Bjornton G: Physics, facts, and artifacts of diagnostic 
ultrasound. Vet Clin North Am (Sm Anim Pratt) 15:1107-l 122, 1985 

7. Nyland TG, Matoon JS, Herrgesel EJ, et al: Liver, in Nyland TG, 
Matoon JS (eds): Small Animal Diagnostic Ultrasound (ed 2). Phila- 
delphia, PA, Saunders, 2002, pp 93-127 

8. Lamb CR: Abdominal ultrasonography in small animals: examination 
of the liver, spleen, and pancreas. J Small Anim Pratt 315-l 3, 1990 

9. Biller DS, Kantrowitz B, Miyabayashi T: Ultrasonography of diffuse 
liver disease: a review. J Vet Intern Med 6:71-76, 1992 

10. Tai DI, Changchien CS, Cheng CJ, et al: Changes in portal venous 
homodynamics in patients with severe acute hepatitis over one year. 
J Clin Ultrasound 28:83-88, 2000 

11. Makin AJ, Hughes RD, Williams R: Systemic and hepatic hemodynamic 
changes in acute liver injury. Am J Physiol 272:617-G625, 1997 

12. Downs MO, Miller MA, Cross AR, et al: Liver lobe torsion and liver 
abscess in a dog. J Am Vet Med Assoc 212:678-680, 1998 

13. Lamb CR: Ultrasonography of the liver and biliaty tract. Prob Vet 
Med 3~555-573, 1991 

14. Leveille R, Biller DS, Shiroma JT: Sonographic evaluation of the 
common bile duct in cats. J Vet Intern Med 10:296-299, 1996 

15. Newell SM, Selcer BA, Girard E, et al: Correlations between ultra- 
sonographic findings and specific hepatic diseases in cats: 72 cases 
(1985-1997). J Am Vet Med Assoc 213:94-98, 1998 

16. Finn ST, Park RD, Twedt DC, et al: Cholecystokinin octapeptide 
induced gallbladder emptying as detected by ultrasonography. Vet 
Radio1 32:269-276, 1991 

17. Rivers BJ, Walter PA, Johnston GR, et al: Acalculous cholecystitis in 
four canine cases: ultrasonographic findings and use of ultrasono- 
graphic-guided, percutaneous cholecystocentesis in diagnosis. 
J Am Anim Hosp Assoc 33:207-214, 1997 

18. Nyland TG, Matoon JS, Herrgesell EJ, et al: Pancreas, in Nyland TG, 
Matoon JS (eds): Small Animal Diagnostic Ultrasound (ed 2). Phila- 
delphia, PA, Saunders, 2002, pp 144-157 

19. Edwards DF, Bauer MS, Walker MA, et al: Pancreatic masses in 
seven dogs following acute pancreatitis. J Am Anim Hosp Assoc 
26:189-l 98, 1990 

20. Hess RS, Saunders HM, Van Winkle TJ, et al: Clinical, clinicopatho- 
logic, radiographic, and ultrasonographic abnormalities in dogs with 
fatal acute pancreatitis: 70 cases (1986-l 995). J Am Vet Med Assoc 
213:665-670, 1998 

21. Warshaw AL: Inflammatory masses following acute pancreatitis: 
phlegmon, pseudocysts, and abscess. Surg Clin North Am 54:621- 
636, 1974 

22. Salisbury SK, Lantz GC, Nelson RW, et al: Pancreatic abscess in dogs: 
six cases (1978-i 986). J Am Vet Med Assoc 193:1104-l 108, 1988 

23. Rutgers C, Herring DS, Orton EC: Pancreatic pseudocyst associated 
with acute pancreatitis in a dog: ultrasonographic diagnosis. J Am 
Anim Hosp Assoc 21:41 l-41 6, 1985 

24. Smith SA, Biller DS: Resolution of a pancreatic pseudocyst in a dog 
following percutaneous ultrasonographic-guided drainage. J Am 
Anim Hosp Assoc 34:515-522, 1998 

25. Pennick DG, Nyland TG, Kerr LY, et al: Ultrasonographic evaluation of 
gastrointestinal diseases in small animals. Vet Radio1 31:134-141, 1990 

26. Gooters AM, Miyabayashi T, Biller DS, et al: Sonographic appear- 
ance of uremic gastropathy in four dogs. Vet Radio1 Ultrasound 
35:35-40, 1994 

27. Penninck DG: Gastrointestinal tract, in Nyland TG, Matoon JS (eds): 
Small Animal Diagnostic Ultrasound (ed 2). Philadelphia, PA, Saun- 
ders, 2002, pp 207-230 

28. Pennick DG, Moor AS, Gliatto J: Ultrasonography of canine gastric 
epithelial neoplasia. Vet Radio1 Ultrasound 39:342-348, 1998 

29. Tidwell AS, Pennique DG: Ultrasonography of gastrointestinal for- 
eign bodies. Vet Radio1 Ultrasound 33:160-169, 1992 

30. Kull PA, Hess RS, Craig LE, et al: Clinical, clinicopathologic, radio- 
graphic, and ultrasonographic characteristics of intestinal lymphan- 

giectasia in dogs: 17 cases (1996-1998). J Am Vet Med Assoc 
219:197-201, 1987 

31. Nyland TG, Matoon JS, Herrgesell EJ, et al: Urinary tract, in Nyland 
TG, Matoon JS (eds): Small Animal Diagnostic Ultrasound (ed 2). 
Philadelphia, PA, Saunders, 2002, pp 158-195 

32. Konde LJ, Wrigley RH, Park RD, et al: Ultrasonographic anatomy of 
the normal canine kidney. Vet Rad 25:173-i 78, 1984 

33. Barr LJ: Diagnostic ultrasound in small animals. In Practice 10:17-25, 
1988 

34. Lamb CR: Abdominal ultrasonography in small animals: intestinal 
tract and mesentery, kidneys, adrenal glands, uterus and prostate. J 
Small Anim Pratt 31:295-305, 1990 

35. Walter PA, Feeney DA, Johnston GR, et al: Ultrasonographic evalu- 
ation of renal parenchymal diseases in dogs: 32 cases (1981-l 986). 
J Am Vet Med Assoc 191:999-l 007, 1987 

36. Walter PA, Johnston GR, Feeney DA, et al: Applications of ultra- 
sonography in the diagnosis of parenchymal kidney disease in cats: 
24 cases (1981-1986). J Am Vet Med Assoc 192:92-98, 1988 

37. Grooters AM, Biller DS: Ultrasonographic findings in renal disease, in 
Bonagura JD, Kirk RW (eds): Current Veterinary Therapy: Small Animal 
Practice (ed XII). Philadelphia, PA, Saunders, 1995, pp 933-937 

36. Adams WH, Toal RL, Walker MA, et al: Early renal ultrasonographic 
findings in dogs with experimentally induced ethylene glycol nephro- 
sis. Am J Vet Res 50:1370-1375, 1989 

39. Biller DS, Bradley GA, Partington BP: Renal medullary rim sign: 
ultrasonographic evidence of renal disease. Vet Radio1 Ultrasound 
33:286-290, 1992 

40. Barr FJ, Patteson MW, Lucke VM, et al: Hypercalcemic nephropathy in 
three dogs: sonographic appearance. Vet Radio1 30:169-l 73, 1989 

41. Mantis P, Lamb CR: Most dogs with medullary rim sign on ultra- 
sonography have no demonstrable renal dysfunction. Vet Radio1 
Ultrasound 41 :I 64-l 66, 2002 

42. Felkai CS, Voros K, Fenyves B: Lesions of the renal pelvis and 
proximal ureter in various nephro-urological conditions. Vet Radio1 
Ultrasound 36:397-401, 1995 

43. Neuwirth L, Mahaffey M, Crowell W, et al: Comparison of excretory 
urography and ultrasonography for detection of experimentally in- 
duced pyelonephritis in dogs. Am J Vet Res 54:660-668, 1993 

44. Giesse AL, Lowry JE, Schaeffer DJ, et al: Sonographic evaluation of 
urinary bladder wall thickness in normal dogs. Vet Rad Ultrasound 
38:132-137, 1997 

45. Selcer B: Ultrasonographic findings in feline lower urinary tract diseases, in 
Bonagura JD, Kirk RW (eds): Current Veterinary Therapy: Small Animal 
Practice (ed XII). Philadelphia, PA, Saunders, 1995, pp 1007-l 009 

46. Biller DS, Kantrowitz B, Partington BP, et al: Diagnostic ultrasound of 
the urinary bladder. J Am Anim Hosp Assoc 26:397-402, 1990 

47. Douglas JP: Bladder mass effect caused by the intramural portion of 
the canine ureter. Vet Rad Ultrasound 34:107, 1993 

46. Peter AT, Jakovljevic S: Real-time ultrasonography of the small 
animal reproductive organs. Compend Contin Educ Pratt Vet 14: 
739-747, 1992 

49. Poffembarger EM, Feeney DA: Use of gray-scale ultrasonography in 
the diagnosis of reproductive disease in the bitch: 18 cases (1981- 
1984). J Am Vet Med Assoc 189:90-95, 1986 

50. Matton JS, Nyland TG: Ovaries and uterus, in Nyland TG, Matoon JS 
(eds): Small Animal Diagnostic Ultrasound (ed 2). Philadelphia, PA, 
Saunders, 2002, pp 231-249 

51. Finn ST, Wrigley RH: Ultrasonography and ultrasound-guided biopsy 
of the canine prostate, in Kirk RW, Bonagura JD (eds): Current 
Veterinary Therapy: Small Animal Practice (ed X). Philadelphia, PA, 
Saunders, 1989, pp 1227-I 239 

52. Feeney DA, Johnston GR, Klausner JS, et al: Canine prostatic 
disease: comparison of ultrasonographic appearance with morpho- 
logic and microbiologic findings: 30 cases (1981-1985). J Am Vet 
Med Assoc 190: 1027-I 034, 1987 

53. Matoon JS, Nyland TG: Abdominal fluid, lymph nodes, masses, 
peritoneal cavity, and great vessel thrombosis, in Nyland TG, Matoon 
JS (eds): Small Animal Diagnostic Ultrasound (ed 2). Philadelphia, 
PA, Saunders, 2002, pp 82-91 

54. Henley RK, Hager DA, Ackerman N: A comparison of two-dimensional 
ultrasonography and radiography for the detection of small amounts of 
free peritoneal fluid in the dog. Vet Radio1 30:121-124, 1989 

55. Garosi G, Paolo ND: Morphological aspects of peritoneal sclerosis. J 
Nephrol 14:S30-S38, 2001 (suppl 4) 

ULTRASONOGRAPHY OF ACUTE ABDOMEN 31 


