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With several different imaging options available, it is not surprising that health care providers
are unsure which imaging study is most appropriate for evaluating patients who present to the
emergency department with abdominal pain. The American College of Radiology, currently,
has appropriateness criteria for patients presentingwith right upper, right lower, and left lower
quadrant pain, and there are different variants for eachof thesequadrants.Clinicians shouldbe
aware of the American College of Radiology appropriateness criteria and, whenever possible,
should be using criteria as guide to help them order the most appropriate imaging study.
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Abdominal pain is themost common presenting complaint
in emergency departments in the United States1 and can

be difficult to evaluate because the physical examination is
often misleading and “textbook” presentations do not occur as
often as one might expect. Symptoms can vary widely, and
althoughmany patients presentingwith severe abdominal pain
may prove to have gastroenteritis after an extensive workup, it
is often unavoidable because a surgical abdomen can present
with seemingly benign symptoms. This article summarizes the
most common causes of abdominal pain and the most
appropriate imaging studies for the evaluation of abdominal
pain according to American College of Radiology (ACR)
appropriateness criteria.

Right Upper Quadrant
Acute right upper quadrant pain is a common complaint that
typically prompts a workup of the hepatobiliary system
(Table 1). The differential diagnosis for acute right upper
quadrant pain includes acute cholecystitis, bile duct obstruc-
tion, cholangitis, acute pancreatitis, acute hepatitis, hepatic
abscess or tumor, hepatic laceration in the setting of trauma,
disorders of the gastrointestinal tract, pleuroabdominal pain

due to pneumonia or pulmonary infarction, and disorders of
the right kidney.
Acute cholecystitis is the primary diagnostic concern in the

setting of acute right upper quadrant pain because it can be life
threatening, and the prompt diagnosis of acute cholecystitis is
essential for proper treatment. The clinical history, physical
examination, and routine laboratory tests have not yielded
acceptable sensitivities and specificities to predict the presence
or absence of acute cholecystitis,2 therefore, imaging studies
play an important role in the evaluation of right upper
quadrant pain.
The current ACR appropriateness criteria for right upper

quadrant pain3 include the following 4 variants:

(1) Variant 1: Fever, elevated white blood cell count, and
positive Murphy sign.

(2) Variant 2: Suspected acalculous cholecystitis.
(3) Variant 3: No fever and normal white blood cell count.
(4) Variant 4: No fever, normal white blood cell count, and

ultrasound showing only gallstones.

In variants 1-3, ultrasound of the abdomen is considered the
most appropriate initial imaging study with scores of 9, 8, and
9, correspondingly (rating scale: 1-3 usually not appropriate;
4-6maybe appropriate; and7-9usually appropriate). In variant
4, after ultrasound has been performed and demonstrates only
gallstones, computed tomography (CT) abdomen with intra-
venous (IV) contrast is considered the most appropriate study
with a score of 7 (usually appropriate).
Although cholescintigraphy is known to have a higher

sensitivity (97% on cholescintigraphy vs 88% on ultrasound)
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and specificity (90% on cholescintigraphy vs 80% on ultra-
sound) for acute cholecystitis,4 ultrasound remains the most
appropriate initial imaging test for patients with suspected
acute cholecystitis for several reasons including lack of ionizing
radiation, short duration of study, greater availability, identi-
fication of gallstones or bile duct dilation, and evaluation for
alternative diagnoses.5,6 Cholescintigraphy has an ACR appro-
priateness score of 6 (may be appropriate) in all 4 variants and
usually should be performed following an equivocal ultra-
sound. The most sensitive ultrasound finding in acute
cholecystitis is the presence of gallstones in combination with
a positive sonographic Murphy sign (Fig. 1), but it should be
noted that the sonographic Murphy sign has a relatively low
specificity for acute cholecystitis and its absence is unreliable as
a negative predictor if the patient received pain medication
before the study.7 Gallbladder wall thickening (43 mm) and
pericholecystic fluid are secondary findings along with other
less-specific findings including gallbladder distension and
sludge.
If the findings for acute cholecystitis are equivocal based on

either ultrasound or scintigraphy or both, CT of the abdomen

with IV contrast is usually the most appropriate study to
confirm or exclude a diagnosis of acute cholecystitis and to
evaluate for complications such as perforation, abscess, gan-
grene, gas formation, and intraluminal hemorrhage (Fig. 1B).8

If either ultrasound or scintigraphy or both are negative for
acute cholecystitis, CT abdomen with IV contrast is again the
preferred examination to evaluate for an alternative diagnosis.
The role of magnetic resonance imaging (MRI) in evaluation of
acute cholecystitis is not as well studied as CT, but the
sensitivity and specificity rates for MRI are estimated to be
85% and 81%, respectively, whereas both the sensitivity and
specificity rates onCT are estimated to be greater than 95%.9 In
pregnant patients,MRI is the preferred test to evaluate for acute
cholecystitis following an inconclusive ultrasound, because it
does not expose the patient or fetus to ionizing radiation and
can help to diagnose other causes of abdominal pain.10

Additionally, magnetic resonance cholangiopancreatography
can be helpful to evaluate for an affected stone in the cystic duct
or the common bile duct and prevent unnecessary endoscopic
retrograde cholangiopancreatograph by excluding a biliary
abnormality.11 Intravenous gadolinium contrast is a class III
agent in pregnancy and is not typically administered.
Acute acalculous cholecystitis is more difficult to diagnose

with imaging than calculous acute cholecystitis. Acute acalcu-
lous cholecystitis is a life-threatening condition that predom-
inantly affects critically ill patientswith significant comorbidities.
Ultrasound of the abdomen is the most appropriate initial
imaging study for suspected acute acalculous cholecystitis with
anACR appropriateness score of 8 (usually appropriate), but the
usefulness of ultrasound is limited because gallbladder abnor-
malities are commonly detected in critically ill patients which do
not correlate to clinical or laboratory findings associated with
acute acalculous cholecystitis.12 Similarly, CT often demon-
strates nonspecific gallbladder abnormalities in critically ill
patients limiting its usefulness in acute acalculous cholecystitis.13

Cholescintigraphy is usually performed after an equivocal
ultrasound, and is a more sensitive test because most cases of
acute acalculous cholecystitis are associated with cystic duct
obstruction. False-negative studies have been reported in cases
of acute cholecystitis without cystic duct obstruction.14

In the setting of blunt abdominal trauma or penetrating
injury to the abdomen, the liver is one of the most frequently
damaged organs. Liver injury is associatedwith amortality rate
of 8% and is estimated to occur in 5%-10% of cases of blunt
abdominal trauma.15 Patients can present with right upper
quadrant pain, right shoulder pain (from diaphragmatic
irritation), hypotension, and shock. Approximately 80% of
liver injuries are minor (grades I-III) with lacerations being the
most common.16 Other liver injuries include subcapsular or
intraparenchymal hematoma, active hemorrhage, major hep-
atic vein injury, bile duct injury, and arteriovenous fistula. If
the patient is hemodynamically stable and does not require
immediate surgical exploration, CT with IV contrast is the
preferred study for evaluation of liver trauma. CT is 95%
sensitive and 99% specific for detecting liver injuries.17

Complications are reported in approximately 20% of cases of
nonoperatively treated liver trauma and include bile peritonitis
or biloma secondary to bile duct injury, delayed hemorrhage,

Table 1 Differential Diagnosis for Right Upper Quadrant Pain

Acute cholecystitis
Biliary colic
Disorders of the pancreas
Acute pancreatitis
Pancreatic tumors

Disorders of the liver
Acute hepatitis (alcoholic, viral, drug related,
and toxins)
Hepatic tumors (metastases, HCC,
hemangioma, FNH, and hepatic adenoma)
Hepatic abscess
Hepatic congestion (Budd-Chiari
syndrome and acute hepatic congestion)
Hemorrhagic cyst

Gastrointestinal disorders
Acute appendicitis
Bowel obstruction and ileus
Colitis, ileitis, and gastritis
Peptic ulcer disease
Inflammatory bowel disease
Intestinal tumors
Incarcerated hernia
Bowel ischemia
Costochondritis

Fitz-Hugh-Curtis syndrome
Pleuroabdominal pain due to pneumonia or
pulmonary infarction

Disorders of the right kidney
Acute pyelonephritis
Ureteral calculus
Renal abscess
Renal tumor
Renal infarction

Trauma
Hepatic laceration
Right kidney laceration

Herpes zoster
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