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Introduction 
In January 2017, the American College of Gastroenterology (ACG) published a newly developed clinical practice guideline regarding 
the evaluation of abnormal liver chemistry tests. 

As a general rule, it is recommended that before initiation of evaluation of abnormal liver chemistry tests, the provider should repeat 
the laboratory panel and/or perform a clarifying test to confirm that the liver chemistry actually is abnormal. In addition, the provider 
should recognize that most reference intervals are established at a confidence interval of 95%, meaning that 2.5% of all healthy 
individuals will have test values both slightly above and slightly below the reference interval.1

Included here in Figures 1-5 are a number of clinical practice algorithms recommended by ACG depending on the liver chemistry test 
that is abnormal, degree of elevation, and possible combination of test results. 
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be considered when there is a travel to an endemic area (Central 
America and Asia) ( 74 ). With acute viral hepatitis of any etiology, 
constitutional symptoms may also be present including nausea, 
vomiting, fever, and anorexia.

  In those who present with jaundice and abdominal pain, obtain-
ing a history of prior hepatobiliary disease including gallstones 
and infl ammatory bowel disease is recommended. Other extra-
hepatic causes of abnormal liver tests include a history of heart 
failure (congestive hepatopathy), early onset emphysema, celiac 
disease, and thyroid disease. Finally, a family history of inherited 
liver disorders including hemochromatosis, Wilson disease, alpha-
1-antitrypsin defi ciency should be elicited.

  Th e physical examination of a patient with abnormal liver tests 
is typically normal, but certain fi ndings might help to confi rm the 
presence of chronic liver disease including jaundice, ascites, sple-
nomegaly, palmar erythema, spiders, and hepatic encephalopathy. 
Spider nevi, palmar erythema, gynecomastia, and caput medusae 
are typically signs of end-stage liver disease with portal hyperten-
sion and high estrogen levels ( 75 ). Th e presence of a palpable liver 
increases the likelihood of hepatomegaly being present but in and 
of itself does not imply an enlarged liver is present ( 76,77 ). A fi rm 

   Before initiation of evaluation of abnormal liver chemistries, 
one should repeat the lab panel and/or perform a clarifying test 
(e.g., GGT if serum alkaline phosphate is elevated) to confi rm that 
the liver chemistry is actually abnormal. Th e initial history should 
assess risk factors for liver diseases including viral hepatitis, meta-
bolic liver disease, exposures to toxins, and medicines including 
alcohol and complementary-alternative medicines, associated dis-
eases including infl ammatory bowel disease, hematologic diseases, 
pulmonary disease, and cardiac disease as well as hereditary forms 
of liver disease. In the patient who presents with jaundice, a history 
of blood disorders may suggest hemolysis. In those with intrahe-
patic cholestasis, light-colored stools, pruritus, and dark urine (bil-
irubinuria) may be elicited. Th e patient with hematologic diseases 
may have hepatic vein thrombosis presenting with acute pain in 
the right upper quadrant, ascites, hepatomegaly ( 73 ). A history of 
hemochromatosis may be suggested by a history of diabetes, skin 
pigmentation, cardiac disease, arthritis, and hypogonadism.

  Th e risk factors for hepatitis B and C have been previously 
discussed. Hepatitis A and E cause acute hepatitis and are trans-
mitted via fecal-oral route, and while acute hepatitis A is common, 
hepatitis E is uncommon in the United States although should 

History and physical exam

Discontinue hepatotoxic meds

Discontinue alcohol consumption

Assess for risk factors for fatty liver and viral hepatitis

CBC/platelet count, AST/ALT, Alk Phos, TB, albumin, PT/INR

HBsAg, HBcAb, HBsAb, HCV Ab with PCR confirmation if +, iron
panel, abdominal ultrasound

If normal, further testing at discretion of clinician or refer to
hepatologist for consideration of liver biopsy

History and physical exam

Discontinue hepatotoxic meds

Discontinue alcohol consumption

Assess for risk factors for fatty liver and viral hepatitis

CBC/platelet count, AST/ALT, Alk Phos, TB, albumin, PT/INR

HBsAg, HBcAb, HBsAb, HCV Ab with PCR confirmation if +, iron
panel

Abdominal ultrasound

If negative, consider observation for 3 months
with repeat AST/ALT, Alk Phos, TB or continue investigation

If negative, consider observation for 3–6 months
with repeat AST/ALT, Alk Phos, TB or ... 

If persistently elevated, continue investigation: ANA, ASMA,
gamma-globulin, ceruloplasmin, alpha-1 antitrypsin phenotype
and may consider additional tests based on history (e.g., celiac

sprue, tick-borne disease, thyroid disease, and muscle disorders)

If persistently elevated, continue investigation:

ANA, ASMA, gamma-globulin, ceruloplasmin, alpha-1 antitrypsin
phenotype and may consider additional tests based on history (e.g., 

celiac sprue, tick-borne disease, thyroid disease and muscle disorders)

If no diagnosis, consider diagnostic liver biopsy

Borderline elevation

<2x ULN

Mild elevation

2-5x ULN

 Figure 1 .     Algorithm for evaluation of aspartate aminotransferase (AST) and/or alanine aminotransferase (ALT) level. HCV, hepatitis C virus.
        Figure 1 reprinted from Kwo PY, Cohen SM, Lim JK. ACG Clinical Guideline: Evaluation of Abnormal Liver Chemistries. Am J Gastroenterol. 2017 Jan;112(1):18-35, with 
permission from American College of Gastroenterology.
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phosphatase and AST/ALT levels) ( 80 ). Bilirubin levels also may 
be elevated in any of the fi rst three categories. It should be noted 
that even though these patterns refer to the predominant enzyme 
elevation, the other liver tests may be elevated as well.

  Recently, an  R  ratio has been used to assess whether the pattern 
of liver injury is hepatocellular, cholestatic, or mixed and may be 
applied in drug-induced liver injury ( 22 ). Th e  R  ratio is calculated 
by the formula  R =(ALT value÷ALT ULN)÷(alkaline phosphatase 
value÷alkaline phosphatase ULN). An  R  ratio of >5 is defi ned as 
hepatocellular, <2 is cholestatic, and 2–5 is a mixed pattern.

     APPROACH TO EVALUATION FOR THOSE WITH 
ELEVATED AST AND ALT
   Summary statement:

   1  .    (  Table   4    and    Figures   1  –  3  ) A borderline AST and/or ALT 
elevation is defi ned as <2X ULN, a mild AST and/or ALT 

liver edge due to cirrhosis or an infi ltrative disorder is also more 
likely to be detected on exam ( 78 ). Th e presence of a palpable 
spleen and an enlarged left  lobe of the liver suggest the presence 
of cirrhosis ( 78 ). Certain fi ndings on physical examination may 
suggest specifi c etiologies of liver disease. Dupuytren contractures 
with parotid gland enlargement, and testicular atrophy may be seen 
in alcoholic liver disease ( 79 ). Th e presence of Kayser-Fleischer 
rings in patients presenting with neurologic symptoms and abnor-
mal liver tests may be seen in Wilson disease. A bronzing of 
the skin may be seen in hereditary hemochromatosis. Marked 
hepato megaly may be seen in acute viral hepatitis or alcoholic 
hepatitis with an enlarged nodular liver suggesting the presence 
of malignancy. Right upper quadrant tenderness with a positive 
Murphy sign may suggest hepatobiliary disease including chol-
ecystitis. Markedly reduced breath sounds may be seen in alpha-1-
anti trypsin defi ciency with decreased breath sounds at either base 
suggesting a hepatic hydrothorax in the absence of clinically obvi-
ous ascites.

     PATTERNS OF LIVER CHEMISTRY TEST ELEVATIONS
   Summary statements:

   1  .    Hepatocellular injury is defi ned as disproportionate eleva-
tion of AST and ALT levels as compared with the alkaline 
phosphatase level. 

  2  .    Cholestatic injury is defi ned as disproportionate elevation in 
alkaline phosphatase level as compared with AST and ALT 
levels. 

  3  .    Mixed pattern of injury is defi ned as elevation of both 
alkaline phosphatase and AST/ALT levels. 

  4  .    Isolated hyperbilirubinemia is defi ned as elevation of biliru-
bin with normal alkaline phosphatase and AST/ALT levels. 

  5  .    Th e  R  ratio is calculated by the formula  R =(ALT value÷ALT 
ULN)÷(alkaline phosphatase value÷alkaline phosphatase 
ULN) with an  R  ratio of >5 defi ned as hepatocellular injury, 
<2 cholestatic injury, and 2–5 mixed pattern. 

   Th e magnitude of the liver chemistry abnormalities and the ratio 
of AST to ALT help to guide the patient evaluation. Also, when 
examining the liver chemistry profi le, the patterns of elevations 
are useful to suggest whether a patient’s liver test abnormalities are 
related to hepatocellular injury (elevated AST and ALT), choles-
tatic injury (elevated alkaline phosphatase), or a mixed pattern. 
An isolated hyperbilirubinemia may be seen in the presence of 
normal aminotransferase and alkaline phosphatase levels or may 
also accompany both hepatocellular and cholestatic disorders.

  Several methods have been used to describe the pattern of 
abnormal liver chemistries. Th e most common classifi cations 
are (i) hepatocellular (disproportionate elevation in the AST and 
ALT levels as compared with the alkaline phosphatase level), (ii) 
cholestatic (disproportionate elevation in alkaline phosphatase 
level as compared with AST and ALT levels), (iii) mixed (elevation 
of alkaline phosphatase and AST/ALT levels), and (iv) isolated 
hyperbilirubinemia (elevation of bilirubin with normal alkaline 

History and physical exam

Discontinue hepatotoxic meds and alcohol

Evaluate for signs of acute liver failure

Abdominal ultrasound

If signs of acute liver failure --> urgent liver consultation
with consideration of referral to

a liver transplant center 

CBC/platelet count, AST/ALT, Alk Phos, TB, albumin, PT/INR,
HAV Ig M, HAV IgG, HBsAg, HBcAb IgM, HBcAb IgG, HBsAb,
HCV Ab with PCR confirmation if +, iron panel, ceruloplasmin,

ANA, SMA, and gamma-globulin 

If diagnostic evaluation negative --> consideration
for diagnostic liver biopsy if

medically stable

Moderate elevation

5-15x ULN

 Figure 2 .     Evaluation of moderate elevation of aspartate aminotransferase 
(AST) and/or alanine aminotransferase (ALT) levels. HCV, hepatitis C virus.
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also come from a variety of sources including acute viral hepati-
tis, ischemic hepatitis/shock liver, septic shock, vascular disorders 
including acute Budd–Chiari syndrome or acute hepatic artery 
occlusion, toxin-/medication-induced liver injury, autoimmune 
hepatitis, acute biliary obstruction, diff use infi ltration of the liver 
with cancer, liver trauma/surgery, veno-occlusive disease/sinusoi-
dal obstruction syndrome, HELLP syndrome, and Wilson’s disease. 
Massive liver-related elevations in AST and/or ALT to >10,000 U/l 
are generally only seen with shock liver/ischemic hepatopathy, or 
drug-induced/toxic hepatitis. Also, non-liver-related conditions 
such as rhabdomyolysis and heat stroke can result in severe to mas-
sive AST elevations.

  Patients with moderate, severe, and massive elevations of ALT 
and/or AST require immediate evaluation ( 81 ). Such patients 
should be evaluated for acute hepatitis including acute hepatitis A, 
B, C, D, or E, acute reactivation of chronic hepatitis B, and acute 
hepatitis from non-hepatotropic viruses including herpes simplex, 
Epstein–Barr virus, or Cytomegalovirus. Acute autoimmune 
liver disease should also be suspected as well as idiosyncratic drug 
reactions or direct hepatotoxin exposure (acetaminophen). Th e 
highest levels of aminotransferase elevations are typically seen 
in those with acetaminophen overdose, ischemic hepatopathy, or 

History and physical exam

Discontinue hepatotoxic meds and alcohol

Evaluate for signs of acute liver failure

History and physical exam

Discontinue hepatotoxic meds and alcohol

Assess for toxic ingestions, ischemia, and rhabdomyolysis

Evaluate for signs of acute liver failure

CBC/platelet count, AST/ALT, Alk Phos, TB, albumin, PT/INRHAV IgM,
HBsAg, HBcAb IgM, HBsAb, HCV Ab,HSV, EBV, CMV, ceruloplasmin
ANA, ASMA, Anti-LKM, IgG, serum drug panel, and urine toxicology 

panel Doppler abdominal ultrasound
Consider n-acetyl cysteine if any evidence of acetaminophen ingestion

If signs of acute liver failure --> urgent liver
consultation with consideration of referral to a liver

transplant center 

If diagnoatic evaluation negative --> consideration
for diagnostic liver biopsy if medically stable

CBC/platelet count, AST/ALT, Alk Phos, TB, albumin, PT/INRHAV IgM,
HBsAg, HBcAb IgM, HBsAb, HCV Ab,HSV, EBV, CMV,

ceruloplasmin ANA, ASMA, Anti-LKM, IgG, serum drug panel, and
urine toxicology panel Doppler abdominal ultrasound

Consider n-acetyl cysteine if any evidence of acetaminophen ingestion

If signs of acute liver failure --> urgent liver
consultation with consideration of referral

to a liver transplant center

If diagnostic evaluation negative --> consideration
for diagnostic liver biopsy if medically stable

Severe elevation

>15x ULN

Massive elevation

ALT >10,000 U/L

 Figure 3 .     Evaluation of severe elevation of aspartate aminotransferase (AST) and or alanine aminotransferase (ALT) levels. HCV, hepatitis C virus.
        

elevation as 2–5X ULN, moderate AST and/or ALT elevation 
5–15X ULN, severe AST and/or ALT elevation >15X ULN, 
and massive AST and/or ALT >10,000 IU/l. 

  2  .    Fulminant hepatic failure or acute liver failure, defi ned as the 
rapid development of acute liver injury with severe impair-
ment of the synthetic function as manifested by prolonged 
prothrombin time and hepatic encephalopathy in a patient 
without obvious, previous liver disease requires immediate 
evaluation regardless of ALT level. 

   Th e magnitude of AST and ALT elevation varies depending on 
the cause of hepatocellular injury. Prior guidelines and studies have 
used a variety of defi nitions for AST and ALT elevations ( 19,20 ). 
For the purposes of our guidelines, we will defi ne borderline AST 
and ALT elevation as <2X ULN, mild AST and ALT elevations as 
2–5X ULN, moderate AST and ALT elevations as 5–15X ULN, 
severe AST and ALT elevations as >15X ULN, and massive AST 
and ALT elevations as >10,000 IU/l.

  Borderline and mild elevations of AST and/or ALT are seen in a 
variety of liver-related and non-liver-related conditions as shown 
in   Table   4  . Moderate elevations of AST and/or ALT overlap with 
the mild and severe lists. Severe elevations of AST and/or ALT can Figures 2-3 reprinted from Kwo PY, Cohen SM, Lim JK. ACG Clinical Guideline: 

Evaluation of Abnormal Liver Chemistries. Am J Gastroenterol. 2017 
Jan;112(1):18-35, with permission from American College of Gastroenterology.
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specifi c for cholestatic liver disease, and can be elevated in >50% 
of alcoholic patients without obvious evidence of liver disease 
( 88–92 ). GGT can also be elevated in patients with pancreatic 
disease, myocardial infarction, renal failure, emphysema, diabetes, 
and in patients taking certain medications such as phenytoin and 
barbiturates ( 90,93 ). Given its lack of specifi city for liver disease, 
GGT should not be used as a screening test for underlying liver 
disease in the absence of abnormal liver chemistries.

  Once alkaline phosphatase has been confi rmed to be of hepatic 
origin, an ultrasound of the liver should be performed to assess the 
hepatic parenchyma and bile ducts. Biliary dilatation suggests an 
extrahepatic cause. A non-dilated biliary system suggests that the 
cause of elevated alkaline phosphatase is intrahepatic. Extrahepatic 
causes of cholestasis include choledocholithiasis, and obstruction 
of the biliary tract due to malignancy. Some disease of extrahepatic 
cholestasis may not be apparent by ultrasound including PSC or 
HIV/AIDS cholangiopathy and if these disorders are suspected such 
as in the context of a history of cholangitis or a history of colonic 
infl ammatory bowel disease, cholangiography by MRI/magnetic 
resonance cholangiopancreatography (MRCP) or endoscopic ret-
rograde cholangio-pancreatography should be undertaken.

  For intrahepatic cholestasis, autoimmune markers including 
antimitochondrial antibody, antinuclear antibody, and smooth 
muscle antibody should be checked to assess for PBC or auto-

History and physical exam
confirm with serum GGT

If persistent elevation of serum alkaline phosphatase after
6 months observation --> consider liver biopsy

Normal total bilirubin and
serum transaminases

Elevated serum transaminases
± elevated bilirubin  

If GGT  normal --> evaluate for non-hepatobiliary etiologies

If AMA positive --> evaluate for primary biliary cirrhosis/cholangitis

If persistent elevation of serum alkaline phosphatase after
6 months observation--> consider liver biopsy or MRCP

If GGT  abnormal --> obtain right upper quadrant ultrasound,
evaluate for potential hepatotoxic medications,

check AMA, ANA, and SMA

If ductal dilatation --> ERCP, MRCP

If no ductal dilatation --> check AMA, ANA, SMA

If AMA negative and alkaline phosphatase > 2x ULN --> consider liver
biopsy or MRCP

If AMA negative and alkaline phosphatase 1-2x ULN --> consider 
observation 

If evaluation negative and alkaline phosphatase 1-2x ULN -> consider 
observation; If ductal dilatation identified --> ERCP or MRCP

If AMA positive --> evaluate for primary biliary cirrhosis/cholangitis

If evaluation negative and alkaline phosphatase > 2x ULN -->
consider liver biopsy

History and physical exam

Check right upper quadrant ultrasound

 Figure 4 .     Algorithm for evaluation of elevated serum alkaline phosphatase.
        

should be considered, including PBC, PSC, and drug-
induced liver injury. (Strong recommendation, very low level 
of evidence). 

   Cholestatic liver diseases are associated with elevated alka-
line phosphatase, with or without elevated bilirubin. Th ey can be 
categorized as either anatomic obstructions to bile fl ow (extra-
hepatic cholestasis) or as functional impairments of bile formation 
by the hepatocytes (intra-hepatic cholestasis). Levels of alkaline 
phosphatase are also physiologically higher in children from rapid 
bone growth, and in pregnancy due to the production of placental 
alkaline phosphatase ( 86 ).

  Determining the specifi c etiology of an elevated alkaline phos-
phatase level can generally be accomplished without the need for 
liver biopsy. In one study, ~80% of isolated alkaline phosphatase 
elevations could be given a clinical diagnosis solely based on 
history and physical examination, routine labs, and chest X-ray in 
hospitalized patients ( 87 ).

  If the alkaline phosphatase is elevated in the presence of other 
elevated liver chemistries, confi rmation of hepatic origin is not 
required. With isolated alkaline phosphatase elevation, con-
fi rmation with GGT, or fractionation of alkaline phosphatase 
iso enzymes can be used to help diff erentiate liver alkaline phos-
phatase from non-liver sources. However, GGT elevation is not 
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elevation. A normal ALT should be <29–33 IU/l in males and 
19–25 IU/l in females. Minimal elevations may be approached by 
a history and examination, discontinuation of hepatotoxic medi-
cines and all alcohol consumption, in addition to an evaluation 
for hemochromatosis, fatty liver and viral hepatitis. An evaluation 
for autoimmune liver disease, Wilson’s disease, and alpha-1antit-
rypsin defi ciency is also warranted if the above tests are normal. 
Higher degrees of elevation (5–15 times the upper limit is normal) 
should be approached with an evaluation for viral hepatitis A, B, 
and C, iron panel, ceruloplasmin, alpha-1 antitrypsin phenotype, 
and autoimmune markers. If there are signs of acute liver failure, 
urgent hepatology consultation with referral to a liver transplant 
center should be undertaken immediately. Th ose who present 
with an elevation in alkaline phosphatase with normal AST, 
ALT, and bilirubin levels should have their alkaline phosphatase 
elevation confi rmed with a GGT level and if elevated an ultra-
sound of the liver should be ordered. If the imaging is nor-
mal, autoimmune markers should be ordered. A liver biopsy 
may ultimately be required to obtain a diagnosis. An elevated 
bilirubin should be evaluated by determining conjugated and 
unconjugated fractions of bilirubin. An elevated conjugated 
bilirubin implies parenchymal liver damage or biliary obstruction. 
Extrahepatic causes such as hemolysis should also be assessed. 
Right upper quadrant ultrasound should be performed in patients 

Elevated total bilirubin
(predominant unconjugated)

History and physical exam
Assess liver transaminases and serum alkaline phosphatase

Review medications

Evaluate for hemolysis

Evaluate for Gilbert's syndrome

If persistent elevation is otherwise unexplained, may consider
diagnostic testing for Gilbert's syndrome (UGT1A1 genotype)

and evaluate for uncommon etiologies in Table 6

If persistent elevation is otherwise unexplained, is
symptomatic, is worsening over time, and/or associated with

abnormal transaminases

Elevated total bilirubin
(predominant conjugated)

History and physical exam
Assess liver transaminases and serum alkaline phosphatase

Review medications
Evaluate for clinically overt etiologies: sepsis, TPN, cirrhosis,

and biliary obstruction 

Perform right upper quadrant ultrasound

If persistent elevation is otherwise unexplained, is
symptomatic, is worsening over time, and/or associated with

abnormal transaminases

--> consider liver biopsy

If no ductal dilatation --> check AMA, ANA, and SMA

If ductal dilatation --> ERCP or MRCP

--> consider liver biopsy

 Figure 5 .     Algorithm for evaluation of elevated serum total bilirubin.        

  In contrast to indirect hyperbilirubinemia, conjugated (direct) 
hyperbilirubinemia generally implies the presence of parenchy-
mal liver damage or biliary obstruction. Th is is associated with a 
number of hepatic disorders which result in decreased excretion 
of bilirubin into the bile ductules, and leakage of bilirubin from 
hepatocytes into serum. Total serum bilirubin levels may exceed 
30 mg/dl in cases of severe liver damage, including alcoholic 
hepatitis with cirrhosis, and may be seen in advanced cirrhosis 
patients with sepsis and/or renal failure ( 51,96,97 ). In addition, an 
isolated hyperbilirubinemia may be seen aft er major surgery and 
typically resolves ( 98 ). Th e approach to elevated bilirubin is shown 
in   Figure   5  .

  Th ere are two rare inherited conditions associated with direct 
hyperbilirubinemia: Dubin–Johnson syndrome and Rotor syn-
drome where the direct bilirubin is ~50% of the total with all 
other liver tests being normal including alkaline phosphatase and 
GGT levels. It is not necessary to distinguish the two disorders. 
Dubin-Johnson syndrome occurs due to a defect in the multidrug 
resistance canalicular enzyme while Rotor syndrome appears to be 
related to defective bilirubin storage by hepatocytes ( 99 ). Causes of 
elevated bilirubin are listed in   Table   6  .

  In summary, clinicians oft en encounter elevated liver chem-
istries in practice. Th e evaluation of elevations of AST and ALT 
levels are guided by the clinical presentation and the degree of 

Figures 4-5 reprinted from Kwo PY, Cohen SM, Lim JK. ACG Clinical Guideline: Evaluation of Abnormal Liver Chemistries. Am J Gastroenterol. 
2017 Jan;112(1):18-35, with permission from American College of Gastroenterology.
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