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INTRODUCTION 

INTRODUCTORY COMMENTS 

The correct use of liver function tests as an aid in the 

diagnosis, prognosis, and follow-up of' hepatobiliary disease is 

a distinct challenge to the physician. The large number of 

tests, plus the apparent inconsistencies sometimes noted in 

their results, often leads the clinician to disregard the values 

obtained, with the result that nothing has been "ga.ined" ex­

cept a higher laboratory fee for the patient. 

This unhappy state of affairs is partially due to the fact 

that liver function tests depend upon integrated physiologic ac­

tivities which are but partly understood. 65 Furthermore, estima­

tion of the presence or absence of hepatobiliary disease is com­

plicated by the large functional reserve of the liver and its 

powers of regeneration. Under certain circwnstances as much as 

85 to 90 per cent of' the liver may be removed before impaired 
134 

:function is discernible by laboratory tests. 

Because of the imperfections of liver function tests, any 

discussion of them must begin with emphasis on the fact that 

these tests are merely aids to the clinical examination of the 

patient and cannot substitute for judgment and experienced ob­

servation on the part of the physician. 
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INDICATIONS FOR LIVER FUNCTION TESTS 

Ivy and Roth list three assumptions that are involved 1n the 

intelligent use of liver function tests (or any laboratory test). 

First, the physician must ha.vein mind a. specific question for 

which he desires an answer. Second, he must realize the limita.­

tions of the test. And third, the test must be reliable for the 

purpose for which it is designed or adapted.83 

Liver function tests a.re indicated in two types of patients .. 

The first group is those pa.tients with definite signs o:t hepato­

biliary disease, such as hepa.tomega.ly or jaundice, or an estab­

lished diagnosis such a.s cirrhosis. The tests a.re used 1n these 

eases to help establish a. definite etiology for the sign or symp­

tom., or to a.id in the follow-up of the disease process in an 

attempt to determine the prognosis. 

The second group in which liver function tests are indicated 

is those pa.tients with signs or symptoms suggestive of hepatobil­

iary disease, such as :pyrexia (hepa.titis'l) or dyspepsia (cirrhosis"l)e 

In these patients the tests are used primarily to detect ii' the 

hepatobiliary system is :functioning improperly, and secondarily to 

determine the etiology of this malfunction if it exists., 119 

Almost all authors recommend the use of multiple tests in 

a.ny pa.tient when liver function tests are indicated. The only pos­

sible exception to this is in the long-term follow-up of a patient 

with an established diagnosis of hepatobilia.ry disease in which 
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the etiology has been determined. Popper lists three reasons 

for the use of multiple tests. First, the clinical entities of 

hepa.tobiliary disease are usually composed of several :functional 

and structural pathologic features, which are not &ll present to 

the same degree. Therefore, tests indicating different features 

65 
are employed. Second, most structural abnormalities are 

associated with alterations of several functions. Therefore, 

several tests indicating different aspects of the same feature 

should be used. Third, unexplained abnormal results are found in 

the absence of hepatobiliary disease with almost every hepatic 

test. Similarly, almost no test yields abnormal results 1n all 

patients with even severe hepa.tic insufficiency established clin­

ically or by other laboratory procedures. Thus, the use of mul­

tiple tests attempts to serve as a check against "false positive 11 

or "false negative" results of individual tests. 159 

CLASSIFICATION OF JAUNDICE 

Perhaps the most pra.ctica.1 application of' liver function teats 

is in the differential diagnosis of jaundice.159 Essentially, this 

is a "therapeutic di:ff'erentia.l diagnosis" to separate "surgical" 

jaundice (:trom tumors, strictures, or stones) from "medical" Jaun­

dice (from hepatitis or cirrhosis). Hemolytic ja.undice ma.y be 

differentiated from the previously listed types relatively easily 

159 
by other tests ~, the reticulocyte count). 
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The div:i:don o:f Jaundice into "medical" and "surgical" types 

is just one example o:r the cla.ssifica.tion of ja.und1ce. Since many 

classifications ha.ve been presented, and since various types of' 

jaundice will be mentioned in the following chapters, a. discussion 

of some of the classifications of jaundice seems suitable at this 

point • 

The classification system of Ducci is based mainly on the stage 

at which bilirubin is accumulated during the process of excretion, 

whether within the liver or the extrahepatic biliary traet(po1:;t­

hepatic). In the former case, it differentiates those instances in 

which bilirubin has been converted to the prompt-reacting type 

(hepatic) or is still delayed or indirect-reacting (prehepa.tic ). 

Thus, Ducci divides jaundice into three groups, ea.ch with two 

subgroups. His first group is prehepatic jaundice which he divides 

into hemolytic and nonhemolytic. His second group is hepatic 

Jaundice which he separates into hepatocellula.r and hepatocanalicu­

lar; and his third group is posthepatic jaundice which he divides 

into complete obstructive and incomplete obstructive.32 

Cohn and Kaplan adapt the classif'ica.tion system of Ducci and 

others (Young, Rich, and Dameshek) into a. much more comprehensive 

pa:ttern. Theyde:t'ine · prehepatic jaundice as being that jaundice 

caused either by overproduction o:f bilirubin or by anoxia inter­

fering with normal hepa.tic function. Therefore, this type of 

jaundice may be caused by hemolytic anemia. due either to "intrinsic:" 

mechanisms acting upon the red cell(~•~•, isoimmune reactions). 

-4-
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Another cause o'f' prehapatic jaundice is decreased hepatic blood 

flow a.a seen in congestive heart fa.ilure or "shock syndrome" .. 

Cohn and Kaplan describe hepatic Jaundice as that jaundice 

caused by functionally subnormal, abnormal, and necrotic hepatic 

cells which are incapable of transferring bilirubin into the bile 

passages at a normal rate. The etiologies for this type of jaun­

dice include congenital abnormality (~•Ii•, familial nonhemolytic 

jaundice), chemical, infectious agents (~.s_ .. , vira.l hepatitis), 

neoplastic disease of the liver, nutritional deficiencies, meta­

bolic disease (~•/i•, hyperthyroidism), and anoxial states (!::,.•~•, 

severe anemias). 

The same authors state that in posthepa.tic jaundice there is 

obstruction or the biliary passages, either intra- or extra.hepatic, 

which prevents otherwise normal cells :from transf'erring bilirubin 

into the bile cana.liculi,. This group includes congenital abnor­

malities (!::,.•[•, bile duct a.tresia), calculi, inflama.t:l.on (~•[•, 

134 
cholangitis), and carcinoma (~ .. 6_•,of the head ot the pancreas). 

other cla.ssi:fica.tions of jaundice have been suggested, such as 

the one of Rich who divides jaundice into two types--retention and 

regurgitation--; however., the Ducci cla.ssifica.tion with the modifi­

cations by Miller that have been noted here will be used generally 

in this thesis. 

-5-
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ORGANIZATION OF THESIS 

The method for reviewing liver function test~ in thia thesis 

will be to first consider ea.ch test individually. Following 

this a. review of autopsies from the University of Nebraska. 

College of ~dicine Department of Pathology will be presented 

in a.n a.ttem:pt to correlate results of some liver function tests 

with hepatobilia.ry :findings at autopsy. Then there will be a 

chapter on the value a.nd use of liver :f'unction tests in general,; 

and finally there will be chapters on recent and current work in 

the field and a summa.ry. 

-6-
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ALKALINE PHOSPHATASE 

INTRODUCTION 

Though the source of alkaline phosphatase is uncertain and 

the reasons :ror its increase in serum in various pathological 

states are unknown, the serum alkaline phosphatase is often a 

useful liver function test. Several methods are available for 

the determination of this enzyme including the cla.saica.l method 

of' Boda.nsky and that of King and Armstrong. 

METHODS 

The procedure used in the University of Nebraska College of 

Medicine laboratory is a. modification of the Bod.Dnsky method. The 

test consis,s of determining the amount of phosphorus liberated by 

serum alkaline phosphatase from a. buffered substrate--sodium gly­

cerophospha.te-- as phosphate ion during exactly one hour incubation 

at 37°c. and at pH 9.,3. Intermediate steps include filtration of 

the serum-substrate mixture and 50 per cent trichloroacetic acid 

through Whatman number 42 filter paper, addition of molybdate­

sulfuric reagent, and the use of elon solution. Rea.dings are made 

on a Coleman Junior spectrophotometer at a. wavelength of 700 m1111-

microns, and, after correcting :for the dilution factor, answers in 

mgm. per 100 ml. o.f serum :for phospha.ta.se a.nd phosphate ion a.re 
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obta.ined. By substra.cting the latter from the :former, one cal­

culates the units or alkaline phospha.ta.se activity in the serum-­

a unit of phosphatase activity being defined as equivalent to 1 

mgm. of phosphorus liberated from the substrate as phosphate ion 

under the conditions of time, temperature, and pH described for 

the test. Normals are 0.5 to 4 units in adults and 5 to 14 units 

213 
in children. The test takes approximately three hours to run. 

The classical development of this test began with two separate 

formulations of methods to determine serum alkaline phosphatase 

activity. Bodansky>s method was similar to the one described a­

bove except that greater quantities of all materials were used, 

the pH was 8.6, and the measurements were ma.de on a. colorimeter 
10 

rather than on the yet-to-be-developed spectrophotometer. 

King and Armstrong developed their test using disodium phenyl­

phosphate a.s the substrate a.t a pH 9.0 with the incubation at 37 .. 5°c. 

for 30 minutes .. The alkaline phosphatase activity was determined 

by the amount of phenol liberated f'rom the substrate. They deter­

mined their normal range to be 3.0 to 13.0 units per 100 m1. 92 

Seligman and associates saw in Bodansky>s method the disad­

vantage of requiring two controls for each determination in order 

to account for the spontaneous hydrolysis of the substrate and the 

serum inorganic phosphate present before incubation .. Therefore 

. 182 
his group used sodium B-na.phthyl phosphate as the substrate. 

Phenolphthalein phosphate has also been recommended e.tl the sub-

80 
strate .. 

-8-
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King and associates determined a micro method for infants 

which requires only 0.1 cc. of serum. Intermediate steps inclUde 

addition of molybdate, stannous chloride, and 7 per cent trichlor­

oacetic acid. Me~surements are made with a photoelectric color­

imeter. Essentially, this method is similar to the one used in 

91 
~lebraska 's laboratory. 

Recently, Schwartz and associates have suggested an automa­

ted method using sodium phenylphosphate as the substrate in place 

of the manual procedure utilizing sodium B-glycerophosphate. A 

factor, o. 30, has been established which permits the conversion 

of units from the automated King-Arrnstrnng to the manual Bodansky 

method. The authors point out the advantages of their method are 

speed and greater accuracy in serum with high concentration of 

kal 
180 

al ine phosphatase. 

THEORIES OF PHOSPF,ATASF ACTIVITY 

The main source of alkaline phosphatase under normal condi­

tions appears t, be osteoblastic activity. 134 It is also probably 

formed by intestinal mucosa and possibly by the liver. 159 

The mechanisms responsible for the increase in serum alkaline 

phosphatase in hepatobiliary disease are poorly understood. The 

''retention theory'' sought to explain the increase due to a reduc­

tion in enzyme excretion because of either hepatocellular failure 

or biliary obstruction. 72 This theory was re..9ected by Cantarow 

and Nelson who pointed out its inconsistencies in portal cirrho­

sis and congenital biliary atresia.16 Another theory is that the 
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apparent increase is due to the presence in serum of a catalytic 

67 
agent that enhances enzyme activity. A third theory proposes 

that the increased producti:Jn of the enzyme is in bone because of 

the development of osteomalacia secondary to the steatorrhea and 

60 
vitamin D loss that occur in obstructive jaundice. 

HArrison notes that the most convincing case can be ll!Bde for 

the theory that the increase in alkaline phosphatase is due to 

overproduction of the enzyme by the liver in response to such di­

verse stimuli as hepatocellular injury, increased intraductile 

pressure, inflammatory disease of the ducts, and expanding lesions 

12 6 compressing parenchyma and ducts. ' 1 O The two most impressive 

works of supporting evidence, according to Hcrris n, are (1) that 

ligation of the pedicle ~r ~ single lobe of the liver raises the 

serum alkrline ph~sphatase level without producing jaundice, an 

effect that is prevented by excising the lobe et the time of liga­

tisn, and (2) that creati0n of an external biliary fistula results 

in an increase in alkaline phosphatase concentration not only in the 

serum but also in the bile. 

However, none of the theories has yet explained why the en­

zyme level is higher in obstructive than in hepatocellular jaun-

67 
dice. The issue remains unsettled. 

USE IN DIAGNOSIS OF LIVER DISEASE 

Traditionally, the chief usefulness of the serum alkaline 

phosphatase determination has been as en aid in the diagnosis of 

- 10 -
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extrahepatic biliary tract obstruction. 5 

Franklin and associates noted that elevation of the enzyme 

in serum showed no relation to morphologic changes in the liver. 

When they analyzed the results of their series, these workers 

noted that in those cases where the results were from 4 to 10 Bo­

dansky units the etiology was generally related tc; liver cell dam­

age. Elevation above 10 Bodansky units was noted primarily in 

"surgical", or extrahepatic obstructive, jaundice.44 

Popper notes that "very high" values are found in conditions 

of chclestasis (both extrahepatic and intrahepatic), cholangioli­

tic ("xanthomatous") cirrh.~sis, and primary hepatic carcinoma. 

Lower, but definitely elevated, values ~ere noted in hepatitis, 

cirrhosis, metastatic carcinoma, biliary fistula, and hepatic tu­

berculosis. The test is often normal in acute hepatitis and fatty 

metamorphosis of the liver. 159 

Ulevitch and associates round that the serum alkaline phos­

phatase concentration was a more sensitive indicator of incomplete 

biliary obstruction than was the serum bilirubin leveL 210 

Sherlock, using the King-Armstrong method, found inconsistent 

rises in alkaline phosphatase in acute hepatitis and cirrh,Jsis. He 

observed that in obstructive jaundice the phosphatase Ievel usual­

ly rose progressively at an eerly stage and did not reflect the 

secondary changes occuring in the liver. 187 

Cleve and associates n0ted a rise in alkaline phosphatase 

activity in a small series f cases ~f hepetic tuberculosis. 21 

- 11 -
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&poport observed considerable increase of phosphatase in 13 

cases of children with infectious hepatitis during the early part 

of the disease. 168 However, the phosphatase is normally elevated 

in children and this may have had some bearing on his results. 

The use of the phosphatase determination in the diagnosis of 

hepatic metastases has been extensively studied. This determin­

ation is a most important one in the decision of whether or not, 

to subject a patient to a radical surgical procedure 1n an attempt 

to fully eradicate a mr: lignant conditi n. 61 Shay and Siplet re­

pnrted a high incidence of hepatic metast&ses in patients with an 

elevated alkaline phosphatase, especially if accompaniP.d by an el­

evated Bromsulphalein retention end a normal serum bilirubin. 

Rerely, gallst"Jne disease may produce similar laboratory findings. 

Gr,mulomatous lesions of the liver prcduce similer results but 

186 
they 0ften alter one or more of the flocculation tests. 

Mendelsohn and Bodansky studied 16c nonicteric cancer patients, 

99 of whom had proven liver metastases. They concluded that the 

serum alkaline phosphatase was the liver function test of choice in 

the diagnosis of metastatic liver disease at a time when the con­

dition was not advanced, although some correlation was noted with 

the Bromsulphalein, serum bilirubin, and cephalin-cholesterol 

flocculation tests. About 90 per cent of the cases with advanced 

liver metastases had elevated serum alkaline phosphatase values 

above the highest control which was 5.4 Bodansky units. 133 

In the diagnosis of primary carcotnona of the liver, r.reene 

- 12 -
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and Schiff have recently presented three signs and symptoms in­

dicative of the pr)SSibility of this conditi n. First is the ap­

pearance or dull, pr 0 igressive right upper abdominal pein over an 

enlarging, firm, usu1lly nodular liver. Second is a pre-existing 

postnecrotic or posthepatic cirrhosis (which of itself should tend 

to exclude metastatic tumor). And third is an elevation or the 

serum alkaline phosphatase above 7.2 Bodansky units. 58 

NON-HEPATOBILIARY CAUSES OF ABNORMAL TEST RESULTS 

Among the nonhepatobiliary causes of elevated serum alkr line 

phosphatase are childh::,od, due to the increased osteoblastic ac­

tivity accompanying normal gr ,wth; ,md b ,ne diseases associated 

with abnormal increases in osteoblastic activity, including car­

cinema metastases, hyperparathyroidism, and P/'get1 s disease of 
159 

bone. Congestive heart failure, especially when associated with 

auricular fibrillati n, causes e mild elevation presumably due to 

pessive cungesti,n f the liver. 41 

The enzyme level is also elevated following the ingestion d' 

204 fat and is lowered in fasting states. There is also an elevt. 

tion of the enzyme in Gnucher's disease. 159 One report has sta­

ted that there is a very slight increase in the serum alkaline 

183 phosphatase with age up to the age of 60. 

Inconsistent test results should also lead to a careful check 

for the error in imperfect reagents or some alteration in the con-

- 13 -
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ditions of time, temperature, or pH of the method. 

CONCLUSION 

One may conclude that the serum alkaline phosphatase is a 

valuable test to perform when extrahepatic biliary obstruction 

is being considered. The test is also useful when attempting 

to discover the presence or absence of liver metastases in a 

patient with a malignancy~ The test is of much less value in 

determining the presence and extent of hepatocellular disease 

229 
such as cirrhosis, or hepatitis. The elevation of the enzyme 

activity in children, bone disease, and following fatty meals 

must always be kept in mind. 

- 14 -
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SERUM AND URINE BILIRUBIN 

INTRODUCTION 

The detectiun of increased amounts of serum bilirubin or 

the presence of bilirubinuria is often hel~ful in the diagnosis 

oe hepa.tobilia.ry disease. However, the value of' these tests--­

especially the partition measurements of serum bilirubin--is 

widely questioned by many authorities. Therefore, these tests-­

which seem simple and straightforward--require careful study and 

understanding in order for one to gain the most from the labor­

atory values obtained. 

METHOD 

The serum bilirubin determination at the University of Ne­

braska College of .Medicine laboratory is done utilizing the Cole­

man Junior spectrophotometer. A diluted serum mixture is pre­

pared by adding 9 ml. of distilled water to 1 ml. of serum. Five 

ml. of this mixture is used as a blank after 1 ml. of bilirubin 

blank solution (hydrochloric acid and water) is Pdded. This 

blank is placed in the spectrophotometer and the machine is ad­

justed to 100 per cent transmission at a wavelength ,,f 535 milli­

microns. The other 5 ml. o~ the serum-distilled water mixture is 

combined with 1 ml. of Diazo rea.geat., (•ulfanil.ic a.cid., hydrochlor­

ic acid, water, and sodium nitrite) lli.xed well, and read ill the 

- 15 -
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spectrophotometer against the blank at the end of one minute. 

This reading gives the direct-acting bilirubin when applied to a 

table converting the reading to mgm. per 100 ml. Immediately after 

this reading is taken, 6 ml. of absolute methyl alcohol is added 

to both the blank and the unknown, and mixed. After stRnding for 

15 minutes, both tubes are read as before on the spectrophotometer 

to give the total serum bilirubin. Both the direct and total serum 

bilirubin are repc,rted in mgm. per 100 ml., with the normal direct 

serum bilirubin being less than 0.25 mgm. per 100 ml., and the nor­

mal total serum bilirubin being less than 1.2 mgm. per 100 ml. The 

213 test takes ep:p-roximately an hour to run. 

The urine bilirubin is determined by employing an Ictotest® 

made by Amel Company, Inc. The tablet imparts a blue to purple 

color to the urine, which is on a cellulose-asbestos test mat, when 

bilirubinuria is present. 213 

Eerly in the second decade of this century, van den Bergh 

discovered that the bilirubin in some serums would react with Ehr­

lich's diazo reagent without the use of alcohol, and thereby or­

iginated the direct, or aqueous, diazo reaction .. 38 

Ma.lloy a.nd Evelyn introduced the photoelectric colorimeter 

method for measurement of total serum bilirubin in 1937. The test 

is almost exactly the same as the one now in use for total serum 

.. 16 ... 
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bilirubin at the University of Nebraska. The ma.jar variation 

from this work presently employed is, of course, the use of the 

122 
spectrophotometer in place of the photoelectric colorimeter~ 

The currently used method for determination of the direct­

acting serum bilirubin was introduced in 1945 by Ducci and 

Watson. 
36 

Recently, a test consisting of direct spectrophotometry with­

out addition of chemicals using the Coleman Junior spectrophotome­

ter has been studied 1n attempting to determine the total serum 

bilirubin in newborns. The authors of the report state that the 

test overcomes the problem of hemolysis which interferes with the 

use of van den Bergh reagent, and that the test is simpler, more 

188 rapid, and may be more accurate than the Evelyn-Malloy method., 

However, they state the disadvantages o:f the direct measurement 

method are that serum turbidity, when present, prohibits the test 

from being run, and that the lower limit of sensitivity has not 

yet been determined. At the present time the test is specUic on-

131 
ly for total serum bilirubin in newborns. 

Ictotest®tablets were reported by Sobotka and associates in . 
1953. The tablets contain 0.2 mgm. of p-n1trobenzened1azon1um 

p-toluenesulfonate, 100 mgm. of sulfosalicylic acid, 10-20 mgm. of 

sodium bicarbonate, and 15-25 mgm. of boric a.cid. This mixture is 

suf'ficiently acid to neutralize the most alkaline urines. The 

test consists of placing five drops of urine on a cellulose-asbestos 

- 17 -
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test mat which absorbs any bilirubin on its surface. A tablet 

is placed on the spot of urine and moistened with two drops of 

water to bring the diazo reagent into contact With the urine. 

The presence of bilirubin is recognized by a blue to purple 

191 
color which is read at 30 secollds. 

Franke, in 1931, proposed a methylene blue test tor deter­

mination of urine bilirubin. 
42 

However, this test wa.s not :round 

203 
to be accurate by Stokes and associates. 

A photelometric method tor determining b111rubinur1a wa.s 

presented 1n 1940.55 

In 1946, Watson and Hawkinson described a bariwn-atrip mod­

ification of Harrison's test for urine b111rub1n. This test con­

sisted of using a barium impregnated strip of filter paper and 

reacting this with urine and Fouchet's reagent (trichloroacetic 

acid and ferric chloride) which was used in the original Harri-

224 
son test. The Harrison spot test is felt to be superior to 

. . b ~3 the methylene blue determination of ilirubinuria.. 

In 1948, a spectrophotometric method for determination of 

urine bilirubin was introduced, 209 as was a means for quantita.-

. 51 t1ve determination of bilirubinuria .• 

The presence of urine bile salts ma.y be crudely determined 

by shaking the urine and observing for a greenish-yellow :foa:m 

which is indicative of the presence of bile salts in the urine. 134 
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MECHANISM OF BILIRUBIN EXCRETION 

Bilirubin is formed from the brerkdown of hemoglobin in the 

reticulo-endothel1al system. other products of this breakdown 

are iron and globin which then proceed to storage pools in the 

plasma. 

Bilirubin, too, goes into the plasma--as a bilirubin-albumin 

mixture which is absorbed into the liver and converted to biliru­

bin glucuronide which is excreted via the bile into the intestin­

al tract. Here the bilirubin glucuronide is reduced by bacteria 

into urobilinogen which is excreted in the :feces a.nd, to a. lesser 

134 degree, in the kidneys by means of the enterohepatic circulation. 

Bilirubin exists in the serum in three forms, as :f'ree bili­

rubin and a.s the mono- and diglucuronide compott1ds. All three 

are believed to be be loosely bound to albumin. The glv.curonide 

esters a.re wa.ter soluble, react promptly with the diazo reagent 

in the absence of alcohol, and are believed to be the direct-

134 acting compounds. They are thought to have passed through he-

patic cells or Kupffer cells and to have passed directly to the 

blood or to ha.ve been regurgitated into the blood from the bil-

159 178 
iary passages. ' 

The indirect portion (which eqUE:ls the total minus the direct 

bilirubin) is insoluble in water (unless bound to albumin), 

reacts slowly with the diazo reagent, and requires the presence 

134 
,,f alcohol for the reaction. This portion, felt tc be the 

free form of serum bilirubin, is believed to have not been taken 
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up by hepatic or Kupffer cells. 159, 178 

Thus, the direct and indirect portions of serum bilirubin 

are thought to di:ffer from each other both biologically and 

159 
chemically. The partition of the two is felt by many to be 

of great clinical value, 159 while others feel the total serum 

. 134 
bilirubin is the only valuable determination in most cases. 

Bilirubin cannot be detected by the usual techniques in 

urine from norma.l individuals. Therefore, a positive test for 

bilirubinuria implies evidence of disease of the liver or the 

extrahepatic biliary system. 134 

USE IN THE DIAGNOSIS OF LIVER DISEASE 

The total serum bilirubin level is of diagnostic and prog­

nostic signif'icance in the detection of latent jaundice and in 

the recognition of fluctuations in the intensity of the jaun-

67 
dice not apparent to the eye, according to Harrison. How-

ever, Popper and Schaffner feel that the total serum b1liru­

bin has little diagnostic value. They feel it does not neces­

sarily reflect the degree of hepatic injury in some cases, 

noting that jaundice may be absent even in instances of severe 

159 
liver da~ge. 

Levels above 1.4 mgm. per 100 ml. are considered abnormal 

and are usually associated with clinical or t1latent 11 (clin­

ically invisible) jaundice. Values above 2.5 mgm. per 100 ml. 
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are usually required before jaundice becomes apparent 1n a­

dults.. The jaundice is due to the affinity ot elastic tis­

sue :for bilirubin, thus imparting a characteristic yellow 

134 
color as the concentration exceeds a critical level. 

Cohn and Ka.plan :feels that serum bilirubin levels a.re of 

:no value in differentiating between acute hepatitis and ob­

structive conditions since a steady increase in concentration 

may occur in both conditions. Large fluctuations in serum 

bilirubin levels of jaundiced patients may indicate either a 

ball-valve type of obstruction or one associated with pro­

cesses compressing the common bile duet and subject to exacerba­

tions and remissions. 134 

Klatskin and Drill :feel that the one-minute (direct) fle­

termination of serum bilirubin is of little value. They a.re 

of the opinion that the time interval is arbit:re,ry and is on 

the ascending limb of a va.riable diphasic curve representing 

the rate of azobilirubin development in the direct van den 

Bergh reaction of serum.97 

Their work is disagreed with scathingly by Zieve and 

associates who find :fa.ult with 11Uch of the technique of the 

KJ.a:tskin-Drill study and conclude that the validity of the one­

minute determination has not been effectively refuted by the 

248 
K atskin-Drill article. 

Seha:ffner and associates :feel that in parenchymaJ. jaun-
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dice, the liver cells are unable to accept a.11 of the b111rubin, 

and in obstructive jaundice they are unable to excret it; in either 

ca.se, this results in a return of prompt-reacting bilirubin to the 

blood stream and the accumulation of bilirubin in the Kupffer 

cells. This accumulation impa.irs bilirubin uptake a.nd subsequent-

178 ly the indirect bilirubin increases. 

In 1956, Watson discussed the comparison o:f bilirubin ratios 

to total serum bilirubin dete:rmina.tions.. He :finds the lowest 

ratios--the ratio is direct to total bilirubin--cha.racteristically 

in hemolytic disease and 1n constitutional hepatic dysf'unction of 

the Gilbert type., However, he finds that obstructive and hepa.to­

cellular types of jaundice occur in the same ra.tio range and hence 

partition is of little value in dif:ferentiation of these types of 

hepatobiliary disease. 222 

Chapman and a.ssociates report that with the exception of di­

agnosis of hemolytic disease, the routine use of the quantitative 

fractionation of serum bilirubin does not seem justified.19 

As stated previously, the presence of detectable bilirubinuria 

is an abnormal condition. Bilirubin is often found in the urine 

one to three days prior to the onset of jaundice in viral hepa.ti­

tis .. 177 Theref'ore, this test is quite valuable in studying in­

dividuals in whom the diagnosis of hepatitis is suspected. In 

contrast, later in the disease,. the test for urine bilirub1n 
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becomes negative while hyperbilirubinemia is still present- 134 

Hence, the test for bilirubinuria is quite unreliable as an in-

143 dex of completeness of recovery. 

Hemolytic diseases, with or without ,jaundice, are not accom­

panied by the excretion of bilirubin in urine ( "acholuric jaun­

") 134 dice • 

Bilirubinuria is a common finding in hepatocellular and ob­

structive jaundice. Therefore, testing for urine bilirubin is 

of little help in differentiating hepatic from obstructive jaun­

dice.67 

Some workers feel that the presence o:f bilirubinuria is di­

rectly related to the level of prompt-acting (one-minute) serum 

159 221 . . 
bilirubin, ' while others feel that there is no definite 

143 248 
relationship.. ' 

NON-HEPATOBILIARY CAUSES OF ABNORMAL BILIRUBIN METABOLISM 

The serum bilirubin level of a. full term newborn may vary 

from 0.,2 to 5.9 mgm. per 100 ml., with the average value of 2.0 

mgm. per 100 ml. This rises to an average peak value of 7 mgm. 

per 100 ml. by the second to the fifth day and then recedes to 

the adult level. In prema.ture inf'ants, the serum bilirubin fre­

quently reaches a maximum concentration o:f 10 to 15 mgro. per 100 

ml. before descending to adult levels in one to four weeks; the 

severity of the jaundice usually varies with the degree of pre­

maturity • 
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Indications of a. severe hemolytic process in a full term in­

fant a.re: (1) a serum bilirubin in cord blood exceeding 5 mgm .. per 

100 ml., and (2) a serum bilirubin exceeding 10 mgm .. per 100 ml. 

during the first 24 hours of lif'e.134 

Felder and associates reported that next to the Bromsulphalein 

test, the bilirubin determination was the most sensitive of' the 

liver.function tests to chronic congestive heart failure. Fifty­

two per cent of 126 determinations on 76 patients showed abnor­

mally elevated serum bilirubin values .. 41 Etiology, duration of 

failure, and type of cardiac rhythm bore no relation to the inci­

dence of jaundice. This hyperbilirubinemia is believed to result 

due to passive congestion of the liver with decreased clearance of 

41 
blood bilirubin. 

Urine bilirubin may also be noted in cases of congestive heart 

159 failure and in pulmonary infarcts. 

Either test may yield abnormal results if care and accuracy 

are not observed in the performance of the procedures. 

CONCLUSION 

The determina.tion of serum bilirubin appears to be an appro­

priate component of a liver function study. The use of the di­

rect and total partition seems to be valid during the initial 

workup to help exclude the possibility of hemolytic disease. How­

ever, following the initial test, the serum bilirubin functions 
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chiefly as a serial determinant from which progress of the pa­

tient can be deduced to some degree, and the determination of 

only the total serum bilirubin seems indicated except in cases 

of hemolytic disease. 

The use of the urine bilirubin test should probably be in­

creased by the general physician .. This test is ideal for office 

use because of its simplicity, and it can be of great value in 

the early diagnosis of hepatitis .. The test is also of value in 

the early diagnosis of obstructive jaundice. However, following 

the diagnosis, this test loses much of its value due to its lack 

o~ reliability in predicting the completeness of recovery. 
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BROMSULPF..ALE IN 

INTRODUCTION 

The Bromsulphalein test (BSP) is one of the most useful 

screening tests for liver function. It is the only commonly 

used liver function study utilizing injection of a foreign sub­

stance. Though it is quite sensitive to changes in the hepato­

biliary system, it is also influenced by many other factors which 

must be considered when ebnormal results are obtained. 

METHOD 

The first step in the Bromsulphalein test is to weigh the pa­

tient. The dosage of the dye at the University of Nebraska Col­

lege of Medicine laboratory is 5 Il\glil. per kg. (or 1 ml. per 22 lb.) 

of body weight. The dye, prepared by Hynson, Wescott, and Dunning 

Co., is then injected slowly, generally into an antecubital vein. 

Exactly 45 minutes lat~r, 6 ml. of venous blood is withdrawn from 

the opposite arm, with care taken to avoid hemolysis, 1 ml. of 

the serum from the withdrawn blood is mixed with 9 ml. of 0.9 per 

cent sodium chloride and the solution is divided into two 5 ml. 

portions. A blank is prepared by adding 2 drops of 5 per cent 

hydrochloric acid t, one portion of the serum mixture. The un­

known is prepared by adding 2 drops of 2.5 N (10 per cent) so­

dium hydroxide to the other portion. The reading is mede on a 

Coleman Junior spect1rrophotometer at a wavelength of 575 millimi-
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crons with the blank being set at 100 per cent transmission. The 

results are expressed as the percentage of dye retained in the 

blood after 45 minutes. The normal result is less than 5 per 

cent retention in 45 minutes, and the test takes approximately 

an hour and a half to run from the time of the initial injection. 213 

The test was originally devised in 1925 by Rosenthal and 

White. They used a dosE,ge of 2 mgm. per kg. (1 ml. per 55 lb.) 

and withdrew the blood sample et 30 minutes. They also recom­

mended a sample at 5 minutes if early liver disease was suspec­

ted. Their blank and unknown were prepared as in the method des-

174 
cribed above and the reading was made colorirnetrically. 

Since the original work on this test, there has been a con­

tinuing disagreement as to the most favorable dosage of the dye 

to use, and the time interval to withdraw it. Disagreement gen­

erally has centered around lower dye dosage and shorter time 

. . 52 53 112 139 periods for withdrawal of the blood sample. ' ' ' In 

1939, Macdonald recommended the use of the 5 mgm. per kg. dosage}13 

His work was supported by Mateer128 and associates but there h8S 

been continuing discussion. However, at the present time the 5 

mgm. per kg. dosage with withdrawal of the blood sample at 45 

minutes is generally accepted. 67 

MECHANISM OF BROMSULPHALEIN CLEARANCE 

After Bromsulphalein (sodium phenoltetrabromophthalein sul­

fonete) 159 is injected intravenc)Usly, most ,-:-,f the dye is excreted 
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into the intestinal tract by the liver. The rate of removal of 

the dye from the blood depends on the excretory capacity of the 

liver, the patency of the bile ducts, and the hepatic blood flow. 67 

It has been suggested that two separate or related mechanisms 

are involved in the removal of BSP from the body. The first, or 

rapid mechanism, which seems to be related to reticuld-endothelial 

activity, particularly the Kupffer cells, is the removal of the 

dye from the blood. The second, more gradual, process, which is 

excretion of the dye in the bile, seems to be a function of the 

polygonalcells of the liver. 235 

More recently it has been suggested that the slower excretion 

of the BSP int.) bile is due t::. the storage 0f the dye in the paren­

chymel cells. There is general agreement that re-circulation of 

the dye, if it occurs at Bll, is not a significant fect•)r in the 

rate of dye clearance from the blood. 67 

MODIFICATIONS IN THE MECHANISM 

Certain prerequisites have been established for the test. Most 

laboratories require a fasting state for 10 hours prior to the 

test 53 since it has been reported that the rate of BSP clearance 

is increased postprandially because of increased hepatic blood 

flow. 67 

The test should not be run on a patient with a fever since the 

de~ee of retention is incre~sed in hyperpyrexic subjects.53,74, 159 

J~undice has generally been considerad a contraindication for 
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this test.53 In 1945, G~ebler introduced a photoelectric method 

of BSP determination in icteric serum utilizing filters. 49 ~E­

teer confirmed his method stating that accurate readings could be 

made within 1 per cent retention using the 5 mgm. per kg. tech­

nique.127 

Zieve calculated a nomograph which he felt allowed him to esti­

mate BSP retention in jaundiced patients by taking their one-min­

ute and total serum bilirubins into account. 247 

However, continued objection to the BSP test in the presence 

of jaundice has been noted by people who believe that increased 

hepatic damPge might result and that the presence of regurgitetion 

jaundice invalidates the result. Reich and Drvis concluded, how­

ever, that the test was reliable in jaundiced patients end that it 

caused no untowrrd reactions. 170 

Objection has been made to the 45 minute determination on the 

grounds that the absorption of BSP from the intestine may be re­

sponsible for certain unpredicted higher blood levels which are 

:::iccasionally noted in the 45 minute determination but not in the 

20 minute withdrawal procedure.52, 112 

Exercise and stending are two other factors which increase the 

retention of BSP in the serum of normal patients. 159 Consequently, 

the prerequisites for the test stipulate that the patient should 

rest prior to the test and should remain supine throughout the 

procedure • 

- 29 -



._.,. 

.,,._,,. 

.._,, 

USE IN THE DIAGNOSIS OF LIVER DISEASE 

In the absence of jaundice and circulatory disturbances, the 

degree of dye retention is usually proportional to the extent of 

parenchymal liver damrge, and therefore, is a highly valuable test 

of hepatocellular function. In the presence of jaundice, however, 

the test is difficult to interpret because it is not possible to 

determine whether the retention of dye is due to impairment of 

the excret ry capacity of the parenchyma or is the result of ob­

struction to the outflow of bile. Furthermore, the presence of 

excess bilirubin in the blood impairs the excretion of BSP and in­

troduces a small error in colorimetry. Nevertheless, the test re­

tains scme value in the presence of mild jaundice since the degree 

of BSP retention tends to parallel the serum bilirubin level in 

uncomplicated obstructive jaundice but is much greater when hepato­

cellular damage is present. 67 

A decrease in the capacity of the liver to remove BSP from 

plasma may be caused by ,-:ine or more of the :following abnormali­

ties: (1) decreased hepatic blood flow as in congestive heart 

failure; (2) hepatocellular damage; and (3) biliary obstruction. 134 

The BSP test is very sensitive in the recognition of hepato­

cellular damage, especially in the absence of jaundice. It is 

best used in screening for hepatic disease and for the detection 

of cirrhosis, carcinoma metastases, or persistent hepatocellular 

damage during recovery from hepatitis or after relief of obstruc­

tion. It has little, if any, value in differentiating "medical" 
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from "surgical" jaundice. 159 

The BSP detennination is of greatest value in defining the 

status of the liver of patients considered for surgical treatment, 

especially during bleeding. 246 

The use of the BSP in detecting hepatic metastases has been 

148 186 
me~tioned. ' However, the value of the test is debatable and 

th(; re ults disappointing so that one must conclude that this test 

does not fill the need for a test that can accurately predict the 

presence or absence of metastatic liver disea.se. 133 

NON-HEPATOBil,IARY CAUSES OF ABNORMAL BSP RETENTION 

Since the main use of the BSP 1s as a screening procedure for 

liver f'unction in the absence of jaundice, it is most important to 

be particularly familiar with the non-hepatic causes of an in­

creased retention of the dye. 

Among the most common causes of increased dye retention out­

side the hepatobiliary system are: (1) congestive heart failure; 41 

( 2) fever;7
4 

( 3) exercise;1159 ( 4) standing; 159 (5) advanced agef 59 

(6) mala.r1a; 114 (7) shock;159 (8) ga.11 bladder disea.se; 13 (9) pre-

147 207 maturity; (10) post-operative state; (11) concurrent cholecys-

tographic studies; 189 (12) concurrent phenolsulfonphthalein deter­

mination;181 (13) morphine thera.py; 13 and (14) procedural errors;32 

A false positive result may be obtained in patients who a.re 

receiving morphine, which increases the pressure in the biliary 

ducts by causing spasm of the sphincter of Oddi. 13 
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Burnett noted increased BSP retention in a series of patients 

with acute cholecystitis, but did not note similar results in 

patients with gall bladder disease without acute inflammation. 13 

The retention of BSP during malaria seems to be related to the 

fever associated with the illness. 114 

Hicks and associates reported increased retention of BSP in 

hyperpyrexic patients. Each subject showed increasing dye reten­

tion with increasing temperature. Hicks noted that a temperature 

rise of 3°F. or more appeared especially significant although 

there was great individual variation. He concluded that the in­

creased retention was probably due to impaired function of the 

cells of the liver rather than to changes in the hepatic circula­

tion.74 

Obrinsky and associates reported that the normal adult ESP 

results are not attained in premature infants for 3 to 6 weeks 

147 postpartum. ' 

In a study of many liver function tests, Felder and associates 

reported that the BSP gave the highest percentage of abnormal de­

terminations in patients with congestive heart failure. 41 

In a study of 20 patients, Tagnon and associates reported a 

significant increase in the retention of BSP postoperatively as 

compared to the test results preoperatively. These results were 

noted even when the operative site was such that mechanical trauma 

207 
could be ruled out. 

BSP retention has been reported elevated when the test pro-
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ceeds cholecystographic studies utilizing bunamiodyl, a tri-io­

dinated compound.
181 

Segal reports that BSP determination should 

precede gall-bladder studies or should be delayed for at least 1 

week following administration of agents for cholecystography. He 

also notes that a delay of one day should be allowed between the 

181 BSP and the phenolsulfonphthalein test for kidney function. 

Mendenhall and Leevy point out that false negatives are 

sometimes due to errors in dosage. Low initial levels of the dye 

may be attributed in part to expanded extracellular fluid volume. 

They felt that skeletal-muscle uptake, renal excretion, and ac­

celerated hepatic extraction did not appear to be significant fac-

132 tors in the false-negative results they studied. 

ALLERGIC REACTIONS TO BSP 

c~pps and Ingelfinger both mention pyrogenic reactions, some­

times associated with nausea and vomiting, 6 to 12 hours after 

the injection of the dye which last for 1 to 2 days. Also, they 

have noted occasional mild allergic reactions associated with ur­

ticaria 8nd asthma. Chambers and Moister have reported a reaction 

to injection of BSP dye including dyspnea, cyanosis, loss of con­

sciousness, venous distention, tachypnea, apnea, and clonic con-

18 
vulsion. The patient recovered following the reaction. 

Other allergic responses have been reported including one case 

of an a.naphylactoid response involving the skin, cardiovascular, 

and gastrointestinal systems. The authors note that BSP may act 
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as a hapten antigen, and that precautions should be taken to treat 

138 anaphylactoid reactions when the test is employed serially. 

Stecher has reported a case in which administration of BSP 

was followed in 3 minutes by laryngeal edema, anaphylactic shock, 
195 

and death. 

Extravasation of the dye into surrounding tissue during in­

jection produces severe pain, cellulitis, and occasionally tissue 

necrosis and sloughing. 

CONCLUSIONS 

The Bromsulphalein test is an excellent screening test for 

liver function. The conditions of the test are precise and must 

be followed accurately to achieve the best possible results. The 

results must be evaluated in terms of the patient's complete con­

dition since many factors can affect the test. The test is of 

minimal value in the differential diagnosis of jaundice, but is 

an excellent one for detecting latent liver disease. Allergic 

responses to the dye must always be kept in mind. 
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FLOCCULATION AND TURBIDITY TESTS 

INTRODUCTION 

The cephalin-cholesterol flocculation and thymol turbidity 

tests are probably the most extensively used liver function tests. 

However, use does not necessarily imply understanding; and the 

test results often are ignored or misinterpreted by the physician. 

These tests are non-specific,emperical tests of serum which often 

furnish clues to abnormal serum protein compcsition and activity, 

and thus, can be helpful in the diagnosis Pnd follow-up of liver 

disease. 

METHOD 

The University of Nebraska College of Medicine laboratory uses 

the rapid cephalin-cholesterol flocculatiJn determination util­

izing reagent prepared by Difeo, Co. The test involves running a 

negative control of 0.85 per cent sodium chloride and 1 ml. of 

cephalincholesterol reagent. The positive control consists of the 

same ingredients in the negative control plus positive control 

serum. The unknown contains the same components as the positive 

control except that the serum to be tested is substituted for the 

positive control serum. 

The solutions are mixed and read at once against a wr,ter or 

saline blank on a Coleman Junior spectrophotometer at 630 milli­

microns. Then the solutions are incubated f0r three hours et 37oc., 
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centrifuged for ten minutes, and after the supernatant is pipetted 

off, the sediment is read as before on the spectrophotometer. 

The results are determined by multiplying 100 times the op­

tical density in three hours over the optical density of the ini­

tial specimen. The product of this multiplication is a percentage 

figure which is converted to the conventional zero to four-plus 

scale. Normal values are zero to two-plus. The test takes ap-

213 proximately four hours to run. 

In doing the thymol turbidity test, one first filters the thy­

mol-barbital buffer solution just before using it. The buffer so­

lutbn must not be allowed to stand exposed to air and the stock 

b~ttle must be kept closed. The pH of the buffer must be 7.55. 

The buffer and serum are mixed and allowed to stand for 30 

minutes. A blank is prepared with the buffer solution alone. 

After 30 minutes, the two solutions are read on a Coleman Junior 

spectrophotometer using a wavelength or 650 millimicrons, and then 

converted to units. The normal values are zero to five units. The 

test takes about an hour to run. 213 

The original cephalin-cholesterol flocculation test was de­

veloped by F .. M. fll_:;nger. The cephalin was derived from sheep 

brain. The flocculation was read in a test tube by the observer 

at 24, and again at 48, hours.63 

Frisch and Quilligen created a modified emulsion of cephalin-
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cholesterol that did not flocculate with normal sera when exposed 

to light, as did the original mixture of Hanger's. 47 

Krautman developed a micro cephalin-cholesterol flocculation 

test which he proposed could be done on capillary blood. He felt 

it was useful in studying liver function in infants and other 

100 
people on whom venipuncture would be impossible to per.form. 

Kirschner and Glickman felt that the one-plus reaction was of 

no significance in distinguishing obstructive from nonobstructive 

jaundice. 96 

The original thymol turbidity test w-as originated by N. F. 

Maclagan. The buffer was kept at a pH of 7.8. The turbidity was 

read in a comparator with black line on a white background a­

gainst the standards established in 1926 by Kingsbury and asso­

ciates. Maclagen felt that the test should be regarded as an in­

dicator of disturbed liver metabolism rather than as a function 

t t 117 es. 

Shank and HoAgland modified the original thymol turbidity test 

so that it could be read on a spectrophotometer at 650 millimi-

184 crons. 

Ducci also advocated the use of a spectrophotometer, but he 

34 suggested a wavelength of 660 millimicrons. 

Probably the greatest improvement in the thymol test was the 

changing of the pH of the buffer solution from 7.8 to 7.55. This 

127 change was the result of work done by Mateer and associates. 
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De la Huerga and Popper suggested standardization of the thy­

mol buffer reagent by using a stable alcoholic stock solution and 

a stable buffer with half concentration of thymol. They felt this 

would give a uniform thymol concentration in any batch of reagent 

prepared. 79 

THEORIES OF CAUSES OF POSITIVE REACTIONS 

The causes Gf abnornml flocculation and turbidity in the tests 

being discussed are not conclusively kncwn because of the inad­

equecies in the knowledge of serum proteins 1:md their electropho­

retic comprments. Hnwever, several simple--perhaps oversimpli­

fied--factors have been thought to influence the tests. 

In almost ell the flocculation and turbidity tests,stabilizing 

and precipitating factors exist. For instance, normal human se­

rum precipitates the ceph8lin-cholesterol flocculation reaction 

if the serum is sufficiently diluted, because the stabilizing ef­

fect disappears earlier in the dilution than the precipitat~ etrect;. 

In almost all of the tests, a quantitative increase in gamma­

globulin facilitates precipitation. In ;:iddition, qualitative 

gamma-globulin changes may favor the precipitation response. 

Albumin seems to have a stabilizing effect on almost all 

these tests; and here, too, qualitative, as well as quantitative, 

changes have been implicated • 

However, some people feel that the elpha-one globulin,rather 

than clbumin, is the real stabilizing factor in many reactions. 
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In some of the tests, primarily the thymol turbidity, beta­

globulin seems to have a precipitating effect. 

In many tests, flocculation or turbidity is inhibited by a 

~9 depression factor which is increased in any type of cholestasis. 

For the sake of simplicity, the following table is prepared. 

It is a composite of the factors thought to influence the two 

tests with which this chapter primarily deals. 

TEST STABILIZING FACTORS PRECIPITATING FACTORS 

Cephalin-cholesterol (l)albumin(both85,l37 (l)increased gamma!261137 
flocculation qualitative and globulin(perhaps 

Thymol turbidity 

quantitative chan- qualitative ch8nge) 
ges) 

(2)alpha-one globul1n8(2)1ncrease§ beta-one 
globulin 

(l)albumin(both qual­
itative ayd quan­
titative)•59 

(2)cholestasisl59 

120 
(3)alpha-globulin(?) 

(l)loweripg pH of 
buffer.159 

(2)decreasing 1onic159 
strength of buffer 

(3)increased ~amma-­
globulin10 

( 4 )increased betf3 .. 
globulin22, 104 

(5)increased serum 
11pids104 

Evidently, the precipitating factors a:re not identical in 

these two tests, and hence the results of one test do not nec­

essarily correlate with the findings in the other. 226 

There are many other flocculation and turbidity tests, and 

they will be discussed briefly later in this chapter. 
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USE IN THE DIAGNOSIS OF LIVER DISEASE 

Neither the cephalin-cholesterol flocculation nor the thymol 

turbidity tests are true tests of liver function. However, these 

tests are valuable in detecting hepatocellular disease. 

The cephalin-cholesterol flocculati,m test is considered one 

of the most useful tests for the recognition of hepatic-cell de­

generation in hepatitis or cirrhosis. 159 This test is consider­

ed more dependable in detecting cirrhosis than the thymol turbid-

67 ity. The prognosis in patients with portal cirrhosis showing 

persistently strong positive reactions is not favorable, regard­

less of apparent clinical improvement. A negative reaction does 

not exclude the diagnosis of cirrhosis. 66 

The cephalin-cholesterol flocculation test often shows a pos­

itive reaction early in the course -)f viral hepatitis; however, 

this is not always the case since as many as 20 per cent of one 

group of patients with viral hepatitis did not exhibit a positive 

flocculation. 134 The cephalin-cholesterol flocculation test be­

comes positive earlier in the course of infectious hepatitis than 

does the thymol turbidity, and it also becomes negative before 

the latter test. Thus it is a valuable diagnostic test, but is 

69 of little value in following the course of the disease. 

The cephalin-cholesterol flocculation test is usually neg­

ative in biliary obstruction of short duration, fa.tty roetamorpho ... 

sis, neoplasms, solitary abscesses, chronic passive congestion, 

biliary cirrhosis, and cholangitic hepatitis unless there is con-
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current involvement of the hepatic pa.renchyma. 134 

This test does not indicate the extent of hepatic damage nor 

does it become positive in all forms of cellular injury. 64 

The thymol turbidity test appears particularly useful in the 

early diagnosis of viral hepatitis, for the recognition of pro­

tracted states of hepatitis, and for differentiation of cirrhosis 

following hepatitis from other types of cirrhosis--since the thy­

mol turbidity usually is positive only in postnecrotic cirrho-

i 
67,159 

s s • 

The test is usually normal in uncomplicated extrahepatic and 

intrahepatic cholestasis. Since the results are expressed in u­

nits, the test is better quantitated than the results of the 

159 
cephalin-cholesterol :flocculation test. · 

The thymol turbidity test has its greatest usefulness in 

following the course of acute hepatitis by seria.l determinations, 

since this test is ofte• the last one to return to normal val-

69 134 ues. , In infectious hepatitis, one can usually predict al-

terations 1n the albumin-globulin ratio by determination of the 

thymol turbidity test if the latter results are strongly positive. 

However, a lesser degree of correlation has been found when the 

thymol turbidity results are less strongly positive or norma1.70 

No correlation between the severity of symptoms in infectious 

hepatitis and the degree of aberration in the thymol turbidity 
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test has been founa.. 103 

The thymol turbidity 1s apparently somewhat helpf'ul in dif­

ferentia.ting hepa.tocellular from obstructive jaundice since the 

test is usually normal in the latter and elevated in the former.127 

The combination of' a highly elevated thymol turbidity test with a 

mildly elevated alkaline phosphatase activity favors the diagnosis 

of hepatocellular disease; while a normal or weakly elevated. thy­

mol turbidity test with a highly elevated alkaline phosphatase 

activity suggests the diagnosis of biliary obstruction. 118 

Since a majority of infectious hepatitis carriers have normal 

thymol turbidity test results, the use of this test to "screen" 

potential blood don,rs for the presence of the hepatitis virus is 

useless, and can lead to a false sense of security on the part of 

those people collecting and administering the blood. 4 

For the most part, the thymol turbidity test readings usually 

parallel the readings of the cephalin-cholesterol flocculation 

test in cases of' parenchymal liver dysfunction.39 

NON-HEPATOBILIARY CAUSES OF POSl'I'IVE REACTIONS 

The cephalin-cholesterol flocculation test can become pos­

itive in a number of' non-hepatobiliary diseases. The test is 

positive in infectious mononucleosis, 159 usually during the second 

and third weeks of the disease. 84 Brown and associates feel that 

true hepatitis occurs in a signi:ficant proportion of all cases 

11 
of infectious mononucleosis. 
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The test 1s also positive infrequently in a number of inflam­

matory diseases with elevated levels of gamma-globulin. 159 These 

62 159 include malaria, ' kala-azar, rhematoid arthritis, sarcoid, 

leprosy, and lymphogranuloma ve11ereum. 134 

The test can also give abnormal results due to laboratory 

error .. The test is photosensitive, therefore, care must be taken 

to protect the reagents from bright light, either natural or 

142 
artificial .. 

The thymol turbidity results can be elevated in hyperlipemic 

67 ( . states, collagen diseases especially rheumatoid arthritis), 

gastrointestinal disorders, inflammatory diseases with elevated 

gamma-globulin, infectious mononucleosis, kala-azar, malaria, and 

other tropical diseases. 159 

arHER FLOCCULATION AND TURBIDITY TESTS 

The flocculation and turbidity tests have been grouped into 

three main families by Maclagan and associates. The :first group 

are those tests which may be regarded prima.rily as modifications 

of the classical salting-out procedures, such as the a.mmonium 

sulfate test. The second group are those tests in which the for­

mation of a metallic complex is the probable fundamental mechan­

ism, such as the colloidal gold and zinc sulf'ate tests. The third 

group are those tests in which complex formation of a more compli­

cated nature is concerned, probably involving a protein-protein 
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Among the countless flocculation and turbidity tests beside 

the cephalin-cholesterol flocculation and thymol turbidity tests 

34 35 . 155 are the colloidal red, 1 gamma-globulin turbidity, cadmium 

244 46 64 8 -41 turbidity, zinc sulfate turbidity, ' ' colloidal gold, 5,l -
. 120 8 

Takata-Ara, and magnesium chloride tests. 

The mechanisms of these tests are no better understood than 

are those previously discussed. With few exceptions, most of 

these tests have been tried and abandoned in favor of the two tests 

which are the main subject of this chapter. 

CONCLUSION 

The flocculation and turbidity tests are perhaps the most 

used procedures among the liver function tests. However, as has 

been pointed out, these tests do little to define the status of 

the liver except in cases of hepatocellular disease, primarily in 

infectious hepatitis. Consequently, though these tests are al­

ways indicated when hepatitis is suspected, they add little in­

formation when used routinely on patients • 

The cephalin-cholesterol flocculation and thymol turbidity 

tests yield the most profitable results when used together. In 

this way, more than one area of serum protein derangement is tes ... 

ted for, and the results of' the two tests together give a some­

what more accurate picture of certain hepa.tocellular conditions. 

These tests, especially the thymol turbidity, a.re of use in 
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following the convalescence of a patient with infectious hepati­

tis. 

The many factors that affect serum proteins which can result 

in positive results in these tests must be ruled out before the 

positive results can be interpreted as specifically representing 

hepatocelluler pathology. 
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SERUM PROTEINS 

INTRODUCTION 

Alterations 1n serum proteins of'ten point toward diseases 

of the liver~ However, the tests of serum proteins are non­

specific and variable. The advent of electrophoresis has brought 

about an entirely new concept in serum proteins, namely, the frac­

tionation of the protein into its many components, rather than 

the simple albumin-globulin separation previously done. 

METHOD 

Serum proteins may be determined by any of five different 

techniques. The first is the traditional method of separation of 

serum proteins by fractional salting out, such as with ammonium 

sulfate. This test separates the globulins from albumin which re-­

mains in solution after the globulins are precipita.ted, usually 

by full saturation with ammonium sulfate. Efforts to ref'ine this 

technique so that the various globulins may be separated from 

each other have been disappointing. 59 

Another salting out method is that o:f Howe, which utilizes 

sodium sulf'ate as the globulin precipitant. This method has been 

widely used despite the fact that it serves only to give an ap­

proximation of the distribution of serum protein components. 

Most of the work on serum proteins in disease states has been 

77 78 150 done utilizing the Howe technique. , ' 

- 46 .. 



.._.., 

'-

'-" 

A third salting out procedure which has had only sporadic 

use is the potassium phosphate method of Butler and Montgomery. 

This method has the advantage that the pH can be well defined and 

maintained., except in great dilutions, over a YTide range of ionic 

strength. 59 

The second technique is the use of water-miscible organic 

precipitants at low ionic strength and low temperature .. Ethanol 

has been used; 24 although methanol is more comtnonly employed. 151 

The methanol technique 1s relatively simple and gives results 

for albumin and total globulin which appear to be close to true 

values as determined by electrophoresis. 59 

The third technique is the electrophoretic method of serum 

protein determination. The principal limitations of this method 

are: (1) separation of the protein components depends upon a 

single property, their mobility in an electric field; (2) dif­

ficulties in accurate estimation of the components; and (3) prob­

lems applying electrophoretic analysis to abnormal sera, such as 

lipemic sera, abnormal proteins, and 18ck of sufficient concen­

tration of some proteins of diagnostic importance.59 However, 

despite these limitations, the electrophoretic method has proved 

an invaluable aid in analysis and purification206 of' serwn pro-

t in 
135,155 e s. 

The fourth technique involves the use of the ultracentri­

:fuge. This method, however, has proved disappointing in its re­

sult; and its chief use in the study of serum proteins has been 
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in the estimation of molecular si:ze of purified particles and in 

testing the homogeneity of fractions obtained by other preparative 

methods.59 

The fifth technique is the use of immunochemical methods. 

This technique finds its greatest use in certain diseases, partic­

ularly when the protein to be detected is present in concentra­

tions too low to be detected by other methods.59 

The object of electrophoresis is to demonstrate the presence 

of constituents which have different mobilities and to measure the 

relative concentrations of these constituents. The conditions of 

pH and salt concentration inf'luence the results, and they have to 

125 
be specified. 

In the boundary method of electrophoresis, there is one boun­

dary between the protein solution and the supernatant buffer in 

each line of the U-tube at the beginning of the procedure. On 

passing an electric current, these boundaries move away from the 

original positions at velocities equal to the velocities of the 

protein ions below these moving boundaries. If several protein 

constituents of different mobilities are present, the original 

boundaries will split into several boundaries moving with di:ffer­

ent speeds. 

The protein components are determined by the change of refrac­

tive index measured by a horizontal ray of light passing through 

the tube which is deflected downward.. The relative concentrations 
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are calculated from the relative proportions of these areas; and, 

if the total concentration of protein in serum has been determined, 

the absolute concentrations of these :fractions can be calculated. 125 

Longsworth tested a variety of buffers and found that 0.1 N 

diethylbarbiturate solution having a pH of 8.6 at 25°c. gave the 

best patterns for electrophoretic analysis. 111 

Dole and Braun determined the following normal values for 

electrophoresis using a sodium veronal bu:ffer (diethyl barbituric 

acid and sodium diethyl barbiturate) at pH of 8.6; albumin, 4.04 

gm. per 100 cc.; alpha-one globulin, 0.31 gm. per 100 cc.; alpha­

two globulin, o.48 gm. per 100 cc.; beta globulin, 0.81 gm. per 

100 cc .. ; fibrinogen, o. 34 gm. per 100 cc.; and gamma globulin, 

31 o .. 74 gm. per 100 cc. The albumin globulin ratio was 1.53. 

Hoch felt that the diethylbarbiturate buffer of pH Bbout 8.5 

and ionic strength 0.1 was best suited for electrophoretic analy­

sis of human sere because of the good resolution of the alpha-one 

globulin from the albumin. However, this buffer contains nitrogen, 

and therefore, further analysis of the test serum by the Kjeldahl 

method would not be possible. Therefore., Hoch attempted to use 

phosphate buffer at a pH of 8.8 and ionic strength of 0.15 in 

place of the diethylbarbiturate buffer, and he found that this 

replacement could be accomplished with good results. 76 

Kunkel and Tiselius, in 1°51, introduced the method of elec-
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trophoresis on filter pa.per. They felt that the greatest advan­

tage of the paper method over that in free solution lay in the 

fact that actual separation of the protein components was accom-

105,106 
plished. 

Mackay and associates felt that the results with paper elec­

trophoresis compared well with an5lysis of duplicate samples by 

the Tiselius boundary method, except with certain abnormal sera, 

such as those of high lipid content. 115 

Smithies presented a method of zone electrophoresis in starch 

gels using a borate buffer with a period of electrophoresis of 
190 

six hours .. As little as 0.02 ml. of sample could be used. 

Recently, two methods of electrophoresis using combined agar 

24 gel-pa.per ~nd cyanogum gel 73 have been presented. 

The University of Nebraska laboratory uses the pa.per electro­

phoresis method with the Spinco Model R system. The buffer so­

lution is veronal at a pH of 8.6. The time of electrophoresis is 

16 hours and the total test takes about 24 hours. The results of 

the electrophoresis are measured by means of the Analytrol which 

converts the filter paper strips dyed with brom phenol blue in 

methanol to graph paper from which the area under the individual 

_ . 213 
peaks can be determined. 

In discussing this method, Stephenson and Snoddy note that 

the albumin migrates fastest toward the anode, followed by the 

alpha-one and alpha-two globulins, and then the beta globulins. 
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The gamma globulins migrate toward the cathode. Their normal val-

1 ues are: albumin, 60 per cent (of total serum protein); alpha-one 

globulin, 4 per cent; alpha-two globulin, 8 per cent; beta glo­

bulin, 12 per cent; and gamma globulin, 16 per cent. 201 

The chemical method for determination of total serum protein 

and albumin globulin fractionation used at the University of Ne­

braska is a spectrophotometric modification of the biuret method. 

Diluted serum, biuret reagent (sodium hydroxide and copper sul-

90 94 fate),· ' ether, Aerosol, and sodium sulfate are combined in 

various mixtures to make a total protein. unknown, an albumin un­

known, a blank, and a protein standard. These tubes are mixed and 

allowed to stand for 30 minutes, and are then read within an hour 

on a Coleman Junior spectrophotometer at a wavelength of 540 mil­

limicrons. The test takes about two hours to run. Normal values 

are 6 to 8 gm. per 100 ml. for the total serum protein, and 3.5 
213 

to 4 gm. per 100 ml. for the albumin. 

The colorimetric modification of the biuret method was intro­

duced by G. R. Kingsley. The total serum protein and albumin are 

determined, and then the globulin is calculated by subtracting 

. 93 ?4 albumin from the total serum protein. ' 

Levin and Brauer have used ammonium hydroxide in place of 

sodium hydroxide in their biuret reagent. 110 

Various other methods have utilized sodium sulfite instead of 

15 237 sodium sul:fate. 1 ' 
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The Kjeldahl method was conceived by Johan Kjeldahl in 1883, 

and has passed through many modifications since then.
214 

Three classes of substances are added to the sulfuric acid 

digest. The potassium sulfate increases the boiling point and 

thereby accelerates the digestion process. Oxidizing agents, such 

as hydrogen peroxide and potassium persulrate, assist in the di­

gestion of organic compounds without destroying any of the ammonia 

formed. ~tallic catalysts, such as mercury, act a.s accelerators 

to the process. The ammonia formed can be determined by macro or 

micro-titration, or by micro-gasometric measurement, 75 in addition 

159 
to the traditional distillation or nesslerization principles. · 

Kingsley and Machella, in studying differences between albumin 

and globulin determinations by the biuret and Kjeldahl methods 

c:_msidered three factors which might influence the variation in 

results between the two methods. The difference might be due to 

(i) a change in nitrogen concentration, (2) a change in number or 

reactivity or biuret linkages, (3) a change in response to salting 

out with sodium sulfate, or (4) s combination of the factors men­

tioned. They felt the most likely explanation involved the first 

factor noted, or perhaps a combination of the first two fa.ctors. 95 

Many other methods for measuring plasma proteins have been in­

troduced, including the refractivity mea.surement of a. drop of 

serum,
205 

photometric determination of gamma globu11n, 1751nfrared 
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' analysis of serum proteins, 202 quantitative immunochemical 

method for determining serum and cerebrospinal fluid proteins,54 

density gradient electrophoresis, 25 a modified biuret reaction, 228 

and flotation of serum in copper sulfate solution. 159 

THEORIES OF SERUM PROTEIN METABOLISM 

Historically, the serum proteins have been divided into two 

major fractions. Albumins are soluble in water, and are prectp­

itated from solution by saturation with salts such as ammonium 

sulfate and sodium sulfate. The globulins are insoluble in water 

but soluble in dilute salt solutions, and are precipitated from 

solution with about ha.l:f saturation of sueh salts as ammonium sul­

fate and sodium sulf'a.te. However, these classic properties of al­

bumin and globulin are not completely valid today because of the 
12g 

greater knowledge o:f proteins. , 

Since serum albumin is formed only by the hepatic cells, re­

duction of serum albumin is an indication of deranged hepatocel­

lular function., if the other factors such as nutrition or urinary 

protein loss are taken into account. 159 Albumin makes up 75 to 

80 per cent of plasma total osmotic pressure, which is important 

in plasma volume and tissue fluid pressure. Albumin also functions 

in tissue nutrition, as a buffer and transport vehicle for ions, 

and as a car::der system fo:r a number of substances such as bili­

rubin, sulfonamides, penicillin, and progesterone. 129 

A1pha and beta globulins are believed to be largely synthe-
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sized by the liver. 129 

Gamma globulin may be partly synthesized by the liver, the 

major portion being attributed to plasma cells129and the reticulo-

86 endothelial system throughout the body. The elevation of gamma 

globulin in hepatic disorders can be related to three factors: 

(1) stimulation of hepatic mesenchymal cells; (2) infiltration by 

plasma cells and reticuloendothelial cells; and (3) excess forma­

tion outside the liver caused by stimulation of extra.hepatic me­

senchyma, or by utilization for gamm& globulin formation of amino 

acids, which are in excess because they are not used by the damaged 

liver for albumin synthesis. The last factor may explain the re-

159 
ciprocal behavior of serum albumin and gamma globulin. 

USE IN THE DIAGNOSIS OF LIVER DISEASE 

In hepatocellular disease there is a. tendency :for the serum 

albumin level to fall. Usually this is because of a decrease in 

albumin synthesis in the liver, but malnutrition may be a factor 

in some instances. As a rule, the decline is slow, so tha.t low 

concentrations of albumin are more common in chronic than in a-

6,.., 
cute liver disease. 1 

The serum albumin level is of little help in the differential 

diagnosis of jaundice, since it may be eq_u~,lly reduced in both 

obstructive jaundice and hepatitis. Its main value lies in the 

follow-up of therapy, especially in cirrhosis, where improvement 

in serum albumin level is the best sign of successful medical 

tre,:tment. 29,l5? 
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Prognosis as to duration of life in patients with cirrhosis 

becomes increasingly grave as the level of serum albumin decreases. 

The level of serum albumin is significantly lower in patients with 

ascites than in those without ascites; end diuresis is associated 

161 
with a rise in serum albumin. 

The serum globulin level tends to rise in both acute and 

chronic hepatocellular disease. Usually this is because of an in­

crease in gamma globulin, but occasionally the alpha and beta frac-

67 
tions also are increased.· 

In obstructive jaundice, the beta globulins tend to rise and 

may be accompanied by hypergammaglobulinemia if the obstruction 

67 is complicated by infection or hepatocellular injury. 

Since the reticuloendothelial system is thought to be the 

source of gamma globulin, it is reasonable to suppose that the hy­

pergammaglobulinemia of liver disease is due to overactivity of 

the Kupffer cells related to inflammatory, degenerative, or regen-
67 

erative processes. ' 

Elevation of gamma globulin is probably the most frequently 

encountered abnormal result obtained in any of the hepatic tests. 

Because of' the incidence of slight elevations in apparently 

healthy people and greater elevations in many diseases, the diag­

nostic value of elevated serum gamma globulin is smal1. 159 

Significant increases in beta globulin have been observed in 

all types of liver disease, but to a considernbly lesser degree 
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and frequency than the gamma globulin changes. 57 

Usually the total serum protein is low or normal in hepato­

cellular disease. Hovever, rarely, hypergammaglobulinemia may be 

so marked that hyperproteinemia results. This is seen particular­

ly in the chronic form of viral hepatitis and in posthepatic 
67 

cirrhosis. ' 

The practical value of the determination of the total serum 

protein in diseases of the liver is in appreciating the state of 

nutrition. It is of particular value in preoperative management. 

The serum protein level is not a reliable index of the protein 

stores, although low levels generally indicate reduced protein 

159 
depots. 

In a study by Popper and associates, the total serum protein 

level shows a wide spread in the various hepatobiliary diseases. 

The means hardly di:f'fer from the normal, the albumin depression 

being compensated for to various degrees by elevation o:f globu­

lins .. 153 

The importance o:f the albumin globulin ratio has been over­

emphasized according to Harrison .. He notes that while it often 

is reversed in hepatocellular disease, one must realize that the 

albumin and globulin concentrations vary independently and that 
. 67 

each has its own significance. 

Rafsky- and associates note that in rcute, as well as in some 
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instances of chronic, hepatitis, the protein partition and albumin 

globulin ratio aa determined chemically yields apparently normal 

values, in marked contrast to the results obta.ined by electrophor­

etic analysis. The inadequacy of routinely employed chemical me­

thods is also a.pparent in cirrhosis and metastatic carcinoma of 

the liver. 167 However, Franklin and associates advocate that the 

routine use of plasma electrophoresis for the study of protein 

alterations in hepatic diseases not be done. 43 Popper and asso­

ciates note that although quantitatively differing markedly, the 

albumin globulin ratio as determined by electrophoresis and the 

chemical method of Howe do not differ much in the diagnostic eval­

uation of hepatobilia:ry diseases. In feet, the Howe method, al­

though not measuring pure protein entities, is superior in dif­

ferentiating obstructive jaundice from cirrhosis. 153 

NON-HEPATOBILIARY CAUSES OF ABNORMPL SERUM PROTEINS 

Serum albumin may be increased due to hemoconcentration in 

dehydration states. 129 

Albumin may be decre,_ sed in malnutrition and debilitating 

diseases, ascites, nephritis and nephrosis, chronic gastrointes­

tinal disorders, 159 and pregnancy. 129 The albumin does not change 

with age, weight, height, serum cholesterol, or serum inorganic 

28 phosphorus. 
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Alpha globulin increases in association with trauma, burns, 

nephrosis, diabetes mellitus., collagen vascular diseases, occasion­

al hyperthyroid states, malignancies, leukemia, and occasional 

cases of multiple myeloma. 129 

Alpha globulin is decreased in occasional cases o:f hypothy-

129 
roidism. 

Beta globulin increases in states o:f hyperlipemia, hypothy­

roidism, diabetes mellitus, collagen vascular disease, some cases 

of multiple myeloma, and pregnancy. 129 

A decrease in beta globulin is rarely seena Occasionally there 

is a decrease in cases of cholestasis, anemia, and eclampsia. 129 

Gamma globulin is increased in chronic inflammatory states, 

and in association with collagen diseases, tuberculosis, myeloma.1 

sarcoidosis, kala-a.zer, carcinoma and Hodgkin's disease (irregu-

159 129 larly), and acute and chronic nephritis. 

Total serum globulin and globulin fractions increase linearly 

28 
with age and decrease as weight increases. 

Total serum proteins are decreased due to bed rest, pregnancy 

after the 22 week (due to drop in albumin level alone), and in-

125 fancy until the age of three. Children 6 to 13 years of age 

have a somewhat higher total serum protein level than adults. 146 

The possibility of laboratory error must always be considered 
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when an unsuspected result in serum protein measurement is ob­

tained. 

CONCLUSIONS 

The measurement of the sen1m proteins and the chemical par­

tition of them into albumin and globulin fractions is a commonly 

used test. The results are non-specific for liver disease; and 

therefore, when the test is being run to determine liver status, 

one must be careful to rule out other causes of abnormal results. 

The routine use of electrophoresis is both time-consuming and 

expensive, and generally does not a.id the general physician to a 

greater degree than the chemical partition methods. 

The traditional albumin/globulin ratio is entirely unreliable 

unless one knows the absolute values :for the two fractions, be­

cause it is the change in both fractions that is important, not 

the relationship of the two to each other. 
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PROTHROMB IN TIME 

INTRODUCTION 

Theoretically, the prothrombin time should be an excellent 

test for liver function. Prothrombin is formed by hepatic cells, 

consequently, damage to these cells should result in a prolongation 

of the prothronibin time. However, this is not always the case. 

The test itself is not specific for prothrombin as will be 

discussed below. 

METHOD 

The University of Nebraska College of l-'edicine laboratory 

method for the determination of prothrombin time involves the use 

of Simplast1rW ... -a thromboplastin extract, which contains calcium 

and sodium chloride,--so that by merely adding distilled water 

one has a solution containing the optimal amounts of both throm-

boplastin and calcium chloride. 

Both plasma and Simplasti~ are incubated at 37°c., 

the plasma is added to the Simplastir®and the time for 

and then 

a clot to 

form is determined. The test is reported in seconds and is com­

pared to a control. The average control is 12 to 15 seconds. 

Normally the control and the test plasma clots should be formed 

in equal or almost equal time. The test requires approximately 

213 
10 to 15 minutes to run. 

The one-stage prothronibin time w~s developed by Quick in 1938. 
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It consists of' adding oxala.ted plasma to thromboplastin, then add­

ing calcium chloride and determining the length of time for a clot 

to f'orm. A control is always run and results reported a.s a. ratio .. 

He reported normal plasma. should clot in 12 to 13 seconds,. This 

test is similar to that used at the University of Nebraska labor­

atory except that both materials used originally by Quick have 

rt')164 
been combined as Simpla.stilb"' 

Kato reported a micro-prothrotribin test which requires only 

10 cu.mm. of capillary blood, rather than 4,.5 ec. of venous blood 

as in Quick' s test. He reported an average normal of 20 ±: 2 

seconds by this method. 88 

The two-stage prothrombin test was developed by Warner and 

associates and consists of defibrinating oxa.la.ted plasma by the 

addition of purified thrombin. After incubation, the plasma. is 

diluted serially with calcium chloride, thrombopla.stin, and a­

cacia, a£ter which fibrinogen is added and the clotting time is 

recorded. The results are then calculated 1n terms of unitary 

217 prothrombin. In this method the prothrombin is first converted 

to thrornbin and the thrombin is then titrated. Though this is a 

more difficult method, the results are considered more accurate:23.2'3 2 

Another two-stage method of prothrombin determination util-

izing imidazole buffer has been reported. 82 

Because of its speed and simplicity and the fact that it is an 

accurate reflection of plasma prothrombin when compared with the 

two-stage method, the one-stage prothrombin determination of Quick 
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196 
is generally used. 

THEORY OF PROTHROMBIN PRODUCTION 

Prothrombin is formed by hepatic cells159and its synthesis 

requires the presence of vitamin K. Vitamin K--being fat soluble 

--is dependent on the presence of bile salts to be absorbed from 

the gastrointestinal tract. 26,157 

The prothrombin time of serum is related to at least four 

coagulation factors: (1) the concentration of unconverted pro­

throrobin in the serum; (2) the thrombin formed during and after 

coagulation which has not been absorbed by fibrin or neutralized 

by the natural antithrorobin; ( 3) the serum "accelerator effect "1 

and (4) the concentration of labile factor (factor V) not acti-

196 vated during coagulation. 

Of these four factors, throrobin is neutralized by the natural 

antithrombin--which is believed to be closely associated with al­

bum1n123if' sufficient incubation time is allowed. The concentra­

tion of labile factor also can be disregarded. Thus, the pro­

thrombin time appears most affected by the concentration of re­

sidual prothrombin and the accelerator effect of the serum. 232 

With this in mind, "prothrombin activity" rather than "prothrombin 

concentration11 is the most accurate description of the value being 

measured by the prothrombin time. 196 

Beside prothrombin, factor VII, Ac globulin (factor v), and 

factor X (Stuart-Prower factor) ere formeQ by hepatic cells and 

- 6a -



,._,,, 

.._., 

_,, 

159 are reduced in hepatocellular degeneration. Since the conver-

sion of prothrombin to thrombin requires these three factors, 234 

an absence of any or all of them will also result in a prolonged 

prothrombin time. Likewise, since the prothrombin test is measured 

by the formation of a clot, a depletion of fibrinogen in the plas­

ma also results in a prolongation of the plasma prothrombin time 

since the formation of fibrin is inhibited. 232 

This lack of specificity in the plasma prothrombin test can 

be an advantage in testing for coagulation pre-operatively. Since 

most of the elements affecting the test results are hepatocellular 

in origin, the same processes interfering with prothrombin for­

mation will interf'ere with the formation of the other components:59 

However, the lack of specificity of the test must always be kept 

in mind. 

USE IN DIAGNOSIS OF LIVER DISEASE 

As stated previously, the prothrombin time should be an ideal 

method for the evaluation of hepatocellular function. However, 

the results are inconsistent since any hepatobiliary disease may 

occur in association with a normal prothrombin time. Rarely, 

marked liver disease may be present in a patient with a normal 

prothrombin time; and conversely, prolonged test results are some­

times seen in patients with no demonstrable hepatobiliary pathology. 

The response of prothrombin activity to parenteral injection of 

vitamin K is likewise inconsistent since the initial prothroiribin 
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time does not always reflect the state of hepatocellular activit~7 

Theoretically, parenteral administration of vitamin K should 

correct an abnormally long prothrombin time when the defect is 

due to poor absorption of vitamin K as seen in biliary obstruc­

tion which prevents bile salts from reaching the intestine., On 

the contrary, vitamin K parenteral injection should cause no in­

creased prothrombin response when hepatocellular damage is present 

since the defect is in the liver cell preventing prothrombin pro~ 

duction in spite of vitamin K activity. 249 

Therefore, liver response to vitamin K, and not the original 

prothrornbin time, is the true test of liver function. 211A decreRse 

of a prolonged prothrombin time of at least 15 per cent within 24 

hours following vitamin K administration is considered evidence 

of normal or only slightly damaged liver cells and hence favors 

the diagnosis of extrahepatic biliary obstruction. 157 

In parenchymal disease, parenteral administration of vitamin 

K often results in an immediate rise toward normal of prothrombin 

time followed by a rapid drop to the original abnormal time. 

Therefore, conclusions on liver response to vitamin K should be 

based on at least 48 hours of observation following the injection 

of the vitamin. 157 

Perhaps the most valuable use of the prothrombin time deter­

mination in patients with suspected liver disease is in following 

the hemorrhagic tendency existing j,n the patient. Quick noted 

that no serious bleeding resulted until prothrombin levels were 
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prolonged more than three times the control in seconds. The value 

of determining bleeding tendency is important before surgical pro­

cedures, including liver biopsy, are performed on the patient, and 

in prognostication of hemorrhagic episodes. 164 

NON-HEPATOBILIARY CAUSES OF ABNOIDI.AL PROTHROMBIN TIME 

The primary non-hepatobiliary causes of hypoprothrombinemia 

211 are (1) laek of vitamin Kin the diet (a rax-e circumstance); 

(2) drug therapy such a.s Dicumarol or salicylates; (3) chronic 

gastrointestinal disorders resulting in poor vitamin K absorption; 

(4) icterus neonatorum; (5) idiopathic hypoprothrombinemia; 26 and 

(6) the use of imperfect reagents and materials in performing the 

test. 

Hyperprothrombinemia, as determined by a reduction of the pro­

thrombin time below the normal range, has been observed in man in 

cases of intravascular thrombosis such as in conditions of frost 

bite, gangrene, or thrombosis. This hematologic condition lasts 

212 for extended periods of time. 

CONCLUSION 

THe prothronibin time is a valuable test of bleeding tendency, 

and can at times be helpful in the diagnosis of liver disease. IT 

prolonged, it may be useful to repeat the test :following parenter­

al administration of vitamin Kin an Bttempt to differentiate hepa­

tocellular from extrahepatic jaundice. However, because of its 
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inconsistent clinical results, the prothrombin time should not 

be regarded as a test of choice in the evaluation of liver 

function. 
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SERUM TRANSAMINASES 

INTRODUCTION 

The most recent test of liver function that has attained 

wide-spread use is the determination of serum transaminases-­

both the serum glutamic-oxalacetic transaminase (SGOT) rnd serum 

glutamic-pyruvic transaminase (SGPI'). These tests are not spe­

cific for liver disease but are quite helpful in the diagnosis 

of some hepatobiliary conditions. 

METHOD 

Determination of the SGOT at the University of Nebraska. 

College of M:!dicine laboratory is accomplished by using bu:f"fered 

substrate prepared by Dade Reagents, Inc.. This substrate is in• 

cuba.ted at 37°c., following which 0.1 ml. of serum is added and 

the mixture incuba.ted for one hour a.t 37°c. The mixture is then 

removed from the incubator and DPNH color developer is added and 

allowed to stand for 20 minutes. Then o.4 m. sodium hydroxide is 

,,, added and a. reading made 5 to 65 minutes following this addition. 

The reading is made on a Coleman Junior spectrophotometer at a 

wavelength of 505 millimicrons, and the units of the enzyme are 

obtained from a calibration table. 

The SGPT is determined in the same manner except that the 

buffered substrate reagent is different from that used in the 

SGOT determination. Also, the buffered substrate-serum mixture 
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is incubated at 37°c. for only 30 minutes. 

Normal is Oto 40 units for SGOT and Oto 45 units for 

SGPT.213 

The original method of SGOT determination involved serum in­

cubation and paper chromatography. In 1955, a spectrophotometric 

method was devised in which the transamination reaction is coupled 

to the reduction of oxalacetate to malate by reduced diphospho~ 

pyridine rnucleotide (DPNH), in the presence of an excess of pur­

ified malic dehydrogenase. The oxidation of DPNH, and therefore, 

the transamination reation, is followed by measuring the decrease 

in light absorption at 340 millimicrons. The determination thus 

involves two reactions: 
(S001') 

(l)alpha-keto glutaratetaspartate~l-glutamate+oxalacetate 

(ma lie dehydrogenase) ·· 87 
(2)oxalacetate+DPNH+H---------::::==- 1-malate+ DPN+ 

The original method for SGPT determination, presented in 

1956, was similar to the spectrophotometric method of SGOT. The 

reactions involved in '\his test are: 
(SGPT) 

(l)alpha-keto glutarate{l-alanine~glutamate+pyrtlvate 
. (lactic dehydrogenase) ~..J..243 

(2)pyruvate+DPNH . 1actatetDPl'll 

Here too, the spectrophotometric reading is made at a wave­

length of 340 millimicrons at room temperature • 
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In both tests, the activity is expressed a.s units per ml. of 

serum per tninute. One unit equals a. decrease 1n optical den­

sity of 0.001 tnillim1cron under the coadit1ons described. 

Normal range for the SGOT wa.s reported originally a.s 9 to 

32 units with a mean value or 19.6 units.87 Normal range for 

SGPT was 5 to 35 units with a mean of' 16 units .. 243 

THEORY OF INCREASED ENZYME ACTIVITY 

Enzymes catalyzing dif'ferent transamination reactions have 

been found widely distributed in animal and human tissues, and 

have been shown to change in activity in some tissues during 

disease. 87 The activity of SGPI' has been found to be somewhat 

greater in the liver than has SGOT which is particularly concen­

trated in cardiac muscle. 242 

The mechanism for the increase in SGOT associated with a­

cute cardiac muscle injury appears to be primarily one of es­

cape of SGOT from necrotic cells due to an increase in the per-

. . 145 rneability of the inJured heart muscle cells; while the me-

chanism :for increase of sr-trr snd SGPT during acute hepatocellular 

injury involves, in addition, a metabolic and/or excretory 

242 
aberration. 

USE IN THE DIAGNOSIS OF LIVER DISEASE 

Elevations of SGOT and SGPI' activity are most marked in 

cases o:f infectious hepatitis. This rise may be as high as 
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2000 to 3000 units within a week or two after the onset of the 

134 
disease, with SGPI' values usually somewhat higher. 

Although the transaminase activity generally returns to nor­

mal before the serum bilirubin does, it has been reported that 

these enzyme levels remain persistently elevated up to six months 

in a definite percentage of cases of infectious hepatitis without 

140 
clinical evidence corroborating prolonged convalescence. This 

would seem to make the test much less valuable as a means of pro­

longed observation in the recovery stage. 

The correlation between the degree of elevation of the en­

zyme activity and the clinical severity o:f hepatitis remains a 

moot point. Experimental data involving carbon tetrachloride 

poisoning of rats showed that their SGOT elevations were parallel 

to the amount of the poison each received. 238 The height andOl!"­

ation of increased SGOT activity was proportional to the amount 

of carbon tetrachloride administered as well as to the severity 

of liver-cell damage in another experiment on rats also. 136 A 

relationship has also been reported between tpe rise in SGOT 

activity in rats and (1) the size of the virus inoculum, {2) the 
. 48 

blood virus titer, and (3) the degree of liver necrosis. 

However, in a recent article it was noted that though high 

SGOT values in rats can be correlated with marked hepatocellula.r 

damage, low or normal SGOT values cannot be used to exclude the 

presence of significant hepatic necrosis. 
236 

Enzyme elevation in cases of infectious mononucleosis has 
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been noted in 90 per cent of cases. The increase is moderate 

134 
(up to 350 units) and transient, usually disappearing in less 

than 3 weeks. 
109 

Mild to moderate elevations of SGCYI' and SGPT up to 350 u­

nits, but usually below 100 units, are noted in cases of cir­

rhosis, extrahepatic obstructive jaundice, and liver metastasis. 

The mean values of both enzyme determinations a.re reported lower 

in cirrhosis than in the other two conditions, however there is 

considerable overlap in the results obtained. from patients with 

the varying conditions. The transaminase activity is therefore 

192 241 
of no value in differentiating these three conditions. ' 

Baden and associates have repo:rted that though the presence 

of liver metastases cannot be ruled out by a normal SGOT deter­

mination, the presence of normal levels of both SGCYI' and alkaline 

phosphatase are found in only 10 per cent of cases with liver 
6 

metastases. 

~asurement of SGPI' activity may be quite useful in follow­

ing patients who are receiving hepatotoxic drugs such as chlor­

promazine because it is an early indicator of hepatic damage. 134 

Infants with jaundice due to "medical" causes, such as in­

spissated bile syndrome or viral hepatitis, show enzyme activity 

up to Boo units within 1 week postpa:rtum :followed by a leveling 

off'. Infants with "surgical" jaundice due to congenital malfor­

mation o:f bile ducts take 4 to 6 weeks to reach an SGCYI' elevation 

or 800 units where they also level off. Neonatal jaundice due to 
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hepatic cirrhosis secondary to malf"ormation of the biliary tract 

showed variable results from normal to levels less than 800 units~ 9 

NON-HEPATOBILIARY CAUSES OF ABNORMAL ENZYME ACTIVrI'Y 

Normal newborn infants have SGOT values up to 120 units and 

SGPT values up to 90 units. By 2 to 3 months of age, the enzyme 

values are similar to those of adults. 99 

Another report gives normal values for SGOT as follows: (1) 

newborns less than 1 week old--up to 70 units; (2) infants from 1 

week to 1 year-.. up to 50 (perhaps 70) units; (3) children up to 7 

years--up to 4o units. This same report gives newborn SGPT normal 

20 as up to 50 units with the upper normal :for adults of 30 units. 

There:fore, though the figures vary in dirferene studies, it 

is apparent that SGO'l' and SGPI' values are elevated in the neonatal 

period and reach normal or near-normal adult values sometime in 

the first year of life. 

SGOT levels also rise sharply following myocardial infarction? 

The values range from 2 to 20 times normal within 24 hours and re­

turn to normal range within 3 to 6 days following the infarction 

without exception. 1o8 

A rough correlation has been reported between the height of 

107 the SGOT activity and the size of the myocardial inf'a.rct. 

This observation has not been confirmed to date. 

The SGOT is unaffected by angina pectoris, coronary insu.f'­

ficiency, heart failure, or digitalis in the absence of' active 
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heart cell damage .. 

Unexpected results should always lead to a rechecking of 

the reagents used and the spectrophotometric equipment~ 

CYI'HER ENZYME TESTS USED 

Lactic dehydrogenase is present in venous serum of normal 

human adults. The measurement of' this enzyme is similar to that 

of SGOT and SGPT. The normal :range is 260 to 850 units with a 

slight elevation noted in infants. This enzyme is characteris-

. 240 
tically elevated following myocardial infarction. 

Serum leucine aminopeptidase (IAP) and beta-glucuronidase 

are two other enzymes that have been shown to rise in patients 

with acute hepatitis, cirrhosis, liver metastases, carcinoma of 

the pancreas, and recurrent or residual common duct stone. 152 

The number of serum enzyme tests will undoubtedly continue 

to increase, probably in accordance with the law of diminishing 

returns. 

CONCLUSIONS 

The measurement of serum transaminase activity adds a further 

tool to the diagnosis of specific liver pathology. The primary 

value of this test is in the discovery of hepatitis and the differ­

entiation of' this disease from infectious mononucleosis which pro­

duces much lower elevated values. The test may also be of use in 

the differential diagnosis of jaundice in the nevborn. The eleva-
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tion of these enzymes in conditions of tissue necrosis, pri­

marily in myocardial in:fa.rction, and in children must be kept in 

mind. 
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UROBILINOGEN 

INTRODUCTION 

Urob111nogen is a pig~ent derived from bilirubin which is 

excreted 1n both feces and urine. Quantitative measurement of 

the pigment in the feces or urine is a. sensitive indicator of 

bilirubin metabolism and consequently is of grea.t value in the 

diagnosis of hepatobiliary disease. 

METHOD 

The sample needed for a fecal urobilinogen determination 

generally consists of a 72-hour collection of all fecal material 

excreted by the patient. At the University of Nebraska College of 

Medicine laboratory the collected sample is weighed and a filtrate 

prepared from it by grinding the sample and adding 20 per cent 

ferrous sulfate, water, and 10 per cent sodium hydroxide to a 

portion of it. A qualitative test is run on the filtrate to de­

termine the amount of filtrate to use in the quantitative test. 

Then the correct amount of filtrate is placed in a sepa.ratory 

funnel and various layers are produced by the addition of petro­

leum ether a.nd glacial acetic acid. The :final extract is pre­

pared by addition of Ebrlich>s reagent and saturated sodium acetate 

and a reading is made on a Coleman Junior spectrophotometer at a 

wavelength of 565 m111im1crons against a blank consisting of 

Ehrlich s reagent and sodium acetate. The result is calculated 
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as mgm. of urobilinogen per 100 gm. of feces and mgm. of urobil­

inogen per 24 hours. The results are reported in the following 

manner: (1) total weight of feces; (2) mgm. of urobilinogen per 

100 gm. feces; and (3) mgm. of urobilinogen per 2~ hours. The 

normal range is 40 to 280 mgm. of urobilinogen per 24 hours. The 

test takes approximately an hour and a half to run plus seventy­

two hours to collect the sample. 

Tne specimen for a urine urobilinogen determination consists 

of a two-hour sample obtained from 2 to 4 p.m. A blank is pre­

pared by adding saturated sodium acetate to urine, mixing, and 

then adding Ehrlich 11s reagen~e unknown 1s prepared by adding 

Ehrlich's reagent to urine, mixing,a.nd then adding saturated so­

dium acetate. The order that the reagents are added is important 

in obtaining consistent results in this test. The reading must 

be made within 5 minutes af'ter mixing on a Coleman Junior spec­

trophotometer ax a 565 millim1cron wavelength. The result is 

then calculated in Ehrlich units per 2 hours. The test takes less 

than 10 minutes to run plus the two-hour collecting period. The 

normal value is less than one Ehrlich unit in 2 hours. 213 

The original tests for fecal and urinary urobilinogen were 

developed by C. J. Wetson in 1936. The methods were similar to 

the ones described above although colorimetry was used and the 

amounts of the various reagents were somewhat greater. Watson 

proposed urinary urobilinogen excretions should be done on a 

24-hour urine specimen 1'fith a normal range or Oto 4 mgm. per 
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24 hours. His normal range :for fecal urobilinogen was 40 to 280 

218 mgm. per 24 hours. 

193 
.Another method was presented by R. Sparkman in 1939 but 

this was found to be inferior to Watson's method in a. study done 
197 . 223,230 

by steigmann a.nd Dyniewicz, · and in other studies .. 

In 1944, Watson and associates presented the simple methods 

:for quantitative determination o:f urine and fecal urobilinogen 

that a.re now used at the University o:f Nebraska.. The only differ­

ence was tha.t they still employed the colorimeter since the spec-
227 

trophotometer had not yet been invented. 

The use of the Waring Blendo.ji) instead of a. mortar and pes ... 

tle to grind the sample in the f'ecaJ. urob111nogen test ha.s been 

130 a.dvoca.ted. 

MECHANISM FOR UROBil.,INOGEN EXCRETION 

The urobilinogens are formed by the reduction of bilirubin 

in the intestinal tra.ct by ba.cteria.l action. The urobilinogens 

a.re colorless but tend to oxidize in the intestinal tract to form 

67 159 urobilins which impart a. brown color to the feces. 1 

A portion of the urobilinogen is absorbed into the general 

circulation from which trIUCh is reabsorbed by the liver (the en­

terohepatic circulation) and excreted into the intestine. However, 

67 a small amount of urobilinogen 1s excreted by the kidneys. 

Urine urob ilinogen actually consists of a number o:f pigment 

precursors, especially mesobilirubinogen and stercobilinogen. 
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However, :for practical clinical purposes these elements can be con­

sidered a.s a single entity since ea.ch o:f the components gives the 

same reactions with most methods used in simple urina.lysis. 159 

The fecal urobilinogen test actually determines both urobil ... 

inogen and urobilin. The urobilin is reduced to its corresponding 

urobilinogen before the total urobilinogen is determined. 

Under normal conditions, no bilirubin is found in the urine 

67 or the feces, though the fecal pigments are often called bile.-

USE IN THE DIAGNOSIS OF LIVER DISEASE 

Early in the acute phase of infectious hepatitis, normal or 

near-normal amounts of bilirubin are excreted into the gastroin­

testinal tract and a.re converted to urobilinogen, much o:f which 

is absorbed and reaches the liver via the circulation. However, 

because of pa.renchymal cell dysfunction, there is interference 

with the transfer of the urobilinogen from blood to the bile ca.­

naliculi. Therefore, the blood level of urobilinogen increases 

and the kidney excretion of the pigment is enhanced. La.ter in 

the course of this disease, especially 1:f liver necrosis or dys­

function is marked, decreased amounts of bilirubin reach the gas­

trointestinal tract so that the urinary excretion may even fa.11 

134 to normal amounts. On the other hand, fecal urobilinogen is 

diminished in infectious hepatitis because of reduced bile :flow 

into the intestine due to the impairment of' the enterohepatic 

67 
circulation. 
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Cirrhosis and toxic hepatitis produce results similar to in­

fectious hepatitis although in some cases of cirrhosis W'atson noted 

220 an increase in :fecal urob111nogen due to a hemolytic component. 

In cholestasis, less bilirubin than normal enters the intes­

tine, and less urobilinogen than normal is formed, absorbed, and 

excreted in the urine. If renal failure can be excluded, reduced 

or absent urinary urobilinogen indicates cholestasis. Even with 

complete biliary obstruction, some urobilinogen is formed by bac­

terial action upon bilirubin in desquamated epithelial cells and 

in intestinal secretions, or by transformation of bilirubin in the 

biliary passages in the presence of bacterial cholangitis usually 

159 associated with stasis. 

Serial determinations in the presence of reduced urinary and 

fecal urobilinogen may help in differentiating calculous obstruc­

tion in which there is fluctuating excretion, from malignant ob-

. 198 220 struction in Which there is no excretion. J However, an excep-

tion to this is sometimes found in carcinoma of the Ampulla of Yater, 

in which cases of intermittent urobilinogenuria are founct:98 

Since hepatocellular degeneration, cholestasis, and increased 

blood destruction often occur simultaneously, the urobilinogen 

excretion may be difficult to interpret;59 

NON-HEPATOBILIARY CAUSES OF ABNORMAL UROBil.INOGEN METABOLISM 

Hemolytic disease, with its excessive pigment production~7 

results in great increase in :fecal urobilinogen but little or no 
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increase in urinary urobilinogen~98 However, urinary urobilino-

134 gen may also be markedly elevated. 

Two possible explanations for the increased urinary urobil­

inogen in hemolytic disease are: (1) concomitant hepatic dys­

function resulting from the accompanying anoxia interfering with 

the transfer of urobilinogen; or (2) the load of urobilinogen pre­

sented to the liver may exceed its maximal transfer capacity, and 

with the rising blood levels, urobilinogen is excreted by the 

134 kidney. 

Conditions in which the hemolytic process is genera.lly active 

in addition to hemolytic anemia include pernicious anemia, trans­

fusion reactions, leukemia, and Hodgkin's disease}59,l97 

Urobilinogen studies are unreliable when done on patients who 

are receiving antibiotic therapy which interferes with the ga.s-

159 
trointestinal bacterial flora. This alteration in flora may re-

sult in prevention of the conversion of bilirubin to urobilinogen 

131~ 176 
leading to an increased excretion of bilirubin in the feces .. 1 

Urine urobilinogen is increased following acute myocardial 

infarction usually for about eight days following the atta.ck. It 

has been postulated that the increase is due to the impaired liver 

function induced by the stress reaction of the myocardial infarc-

hO 
tion. 

Sulfonamide medication also results in an increased fecal 

urobilinogen with some increase also in the urimry urob111nogen~97 

No rise in fecal or urinary urobilinoget was noted following 
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the ingestion of cathartics, particularly phenolphthalein, or 

. f l 197 following the intra.venous injection o pectin so ution. 

Porphobilinogen in the urine also reacts with Ehrlich's 

reagent to give a. color similar to urobilinogen; however, the latter 

. . 1~ colored product is chloroform-soluble and the former is not. 

Inanition, inactivity, or a low grade inf'ection tend to low­

er the excretion of urobilinogen in the feces; fever of any con­

siderable degree probably tends to increase the amount. However, 

fever alone does not cause an increase in the excretion of urobil-

inogen in the urine; this is evidently dependent on the type and 

severity of the infection. 219 

Low values were noted by Watson in all ca.ses of hypochromic 

anemia investigated; and slight increases were observed in half the 

219 cases of polycythemia vera. 

89 216 Laboratory errors may also lead to abnormal results. ' The 

pigments are photosensitive a.nd hence must be protected from na.tur­

al light.98,215 

The period of maximal urobilinogen excretion ha.s been shown 

to va.ry between individuals and in the same person at various 
149 

times; and hence if liver disea.se is suspected and two successive 

2-hour urine urobilinogen tests are within normal limits, a 24-hour 

urine urobilinogen determination should be performed. 225 
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CONCLUSION 

The determination of urobilinogen excretion, either in the 

urine or feces, is aa excellent test of early liver impairment. 

The test is quite sensitive to changes in bepatobilia.ry metabo­

lism. 

Because the fecal urobilinogen test is so time consuming, 

the urinary excretion of the pigment is preferred in screening 

and routine laboratory work. However, there a.re times when all 

other determinations yield equivocal results, end it is then that 

the more involved fecal urobilinogen test should be use. 67 
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LIMITATIONS OF LIVER FUNCTION TESTS: A REVIEW OF 108 AlJrOPSIES 

PUF.POSE 

This chapter consists of a review of 108 autopsies per­

formed at the University of Nebraska College of Medicine be­

tween 1955 and 1960. 

The initial purpose of this study was to determine if any 

definite pattern of results of liver function tests could be es­

tablished in cases o:f hepatic metastasis., 

INTRODUCTION 

As reported in the chapter on Transaminases, Baden and as­

sociates stated that in the presence of normal alkaline phospha­

tase activity, a noI'IPEl serum glutamic-oxalacetic transaminase 

determination indicated the absence of hepatic metastases in 90 

per cent of cases. 6 

Little else was discovered in the literature of positive 

value although one report was found stating that liver metastas­

is should be suspected in any case in which the serum bilirubin 

wa~ nortl'Bl, and the alkaline phosphatase and Bromsulphalein tests 

were elevated. 
186 

The cases that were chosen for the study fulfilled the fol­

lowing requirements: (1) an adequate number of liver function 

tests,usually at least two, nmst have been perf'ormed prior to 

the death of the pa.tient; ( 2) a gross and microscopic description 

- 83 -



,..,,,, 

._.. 

"W'' 

of the liver must be present; and (3) an adequate case summary 

must have been attached to the autopsy report. 

The lo8 cases are classified in the following manner with 

respect to hepatobiliary pathology: 

(1) "Normal" liver--this group includes cases of 
passive congestion and fa.tty 
metamorphosis when the ca.use 
of death did not involve the 
hepatob 1liary system. ( 22 cases ) 

(2) Hepatocellular disease--includes primarily 
cases of cirrhosis with a. few 
cases of hepatitis and a:my­
loidosis. (20 cases) 

( 3) Malignant neoplasms of liver--the vast major­
ity o:f cases were metastatic 
liver disease, with one case 
of primary hepatic carcinoma, 
and a few cases of hepatomas, 
lymphoma, and hemangiomas. 
(44 cases) 

(4) ~F-lignant neoplasms without liver involvement-­
in this group the final diag­
nosis had to inclUde a malig­
nancy without any microscopic 
evidence of liver metastases. 
(19 cases) 

(5) Extrahepatic obstructive jaundice excluding 
neoplasm as the cause of the 
obstruction. (3 cases) 

The liver function tests that were recorded from the case records 

were: 

(1) 
(2) 

( 3) 
(4) 
(5) 

Alkaline phosphatase 
Total serum protein with albumin/globulin 

:fra.ctiona.tion 
Cephalin-cholesterol flocculation 
Thymol turbidity 
Bromsulphalein 
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( 6) Serum bilirubin, both direct and total com­
ponents 

(7) Urine bilirubin 
(8) Prothromb1n time, with response to vitamin 

K when done 
(9) Serum glutamic-oxalacet1c transaminase(SGO'I') 

Due to the lack of determinations, fecal imd urine urobil­

inogen tests were not tabulated in the study. 

Probably the chief disadvantage to this study is that most 

of the laboratory tests were per.formed within a month of the :pa­

tient's death--a.lthough this was not uni.formly the case. The 

chief' advantage is that a histological study or the liver was 

done in every case a.t autopsy. 

The other toms of liver pathology besides metastatic liver 

disease were included in the study for the purpose o:f controls .. 

Since adequate da.ta. was collected on only f'our general types of 

liver pathology, only those tour--comprising 96 ca.ses--will be 

included in the data • 

The four types of liver pathology to be included are: (1) 

"normal" livers; ( 2) cirrhosis; ( 3) meta static disease of the 

liver; and (4) malignant neoplasm without liver involvement. 
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DAT'A 

ALKALINE PHOSPHATASE TEST RESULTS 

No. of deter- No. of 
Liver P'.'thology Total C"ses minations Pr,tients o-4 units 4-10 .Above 10 

"Normals" 22 9 9 9 0 0 

Cirrhosis 17 10 9 5 3 2 

Metastasis to liver 38 24 22 8 9 7 

Malignancy without 
6 co liver involvement 19 9 9 1 2 CT\ 

TOTAL SERUM PROTEINS 

less than greater than 
6 gm.% 6-8gm.% 8 gm.'%, 

"Normals" 22 21 18 B 13 0 

Cirrhosis 17 16 14 l1- 12 0 

Metastasis to liver 38 37 33 22 11+ 1 

~~lignancy without 
liver involvement 19 18 16 7 7 4 

,,--.~,,,,=.•.~~~----~--
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ALBUMIN/GLOBULIN RAT'IO TES'r RESULTS 

No. of deter- No. of 
Liver pathology Total Cr,ses ruinations P~;tients reversal non-reversal 

''Normals" 22 22 19 12 10 

Cirrhosis 17 14 12 11 .. 0 

Metastasis to liver 38 33 31 19 14 

Malignancy without 
16 

(P liver involvement 19 18 11 7 
-.J 

CEPH.ALIJ\f-C'HOLESTEROL FLOCCULATION 

3-+ or 4± g_:f:or less 

"Nornmls" 22 11 11 2 9 

Cirrhosis 17 10 10 8 2 

Metastasis to liver 38 21 21 8 13 

Malignancy without 
liver involvement 19 8 8 4 4 
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THYMOL TURBIDITY TEST RESULTS 

No .. of deter- No. of Leas than Greater than 5 
I.iver p~thology Total cases rninations Patients 5 units units ----·-- ----- ---- --
"Normals" 22 12 12 10 2 

Cirrhosis 17 11 9 2 9 

Metastasis to liver 38 21 21 13 8 

~~lignancy without 
liver involvement 1() g q 5 4 

I 

::.u ex, 

I 

BROMSULPHALEIN 

Less than 5% Greater than 5% 
:retention in retention in 
45 minutes ::5_rninu~~ 

"Normals" 22 3 3 0 3 

Cirrhosis 17 6 6 1 5 

Metastasis to liver 38 7 7 2 5 

Malignancy with out 
liver involvement 19 6 6 0 6 
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DIREC'l' SERUM BTI..IRUBIN (1-MINUI'E) TEST RESULTS 

No. of deter- No. of less than greater than 
Liver pathology Total Cases minations Patients o. 25 tr.gm.% o. 25 mgrr~. % ----
"Normals" 22 5 4 3 ? 

'-

Cirrhosis 17 12 C) 1 11 

Metastasis to liver 38 21 18 4 17 

~Elignancy without 
liver involvement 19 6 /' 

0 2 l+ 
co 
..0 

I 

TOTAL SERUM BILIRUBIN 

less than greater than 
1.2 mgm.% 1.2 mgm~% 

"Normals" 22 11 10 9 2 

Cirrhosis ]7 
-1 14 11 3 11 

M.et8St8sis to liver 38 30 24 10 20 

Malignancy without 
liver involvement 19 10 10 5 5 
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PROTHROJ'-ffi IN TIME 

No. of deter- No. of 
~:r E_athology Total cases minations Patients ----··- ------·-- - ,_a•,--•-

"Normals" 22 2 2 

Cirrhosis 17 15 11 

Metastasis to liver 38 15 13 

Malignancy without 
,.o liver involvement 17 6 5 0 

URINE BILI.RUBIN 

"Normals" 22 0 0 

Cirrhosis 17 2 2 

Metastasis to liver 38 6 5 

Malignancy without 
liver involvement 19 4 4 

( 

'rEST RESULTS 

"normal" prolonged respond to 

2 

10 

13 

5 

positive 

0 

l 

3 

4 

5 seconds or K Injected 
more beyond with K 
control time 

0 o/o 

5 1/2 

2 o/I 

1 0/0 

ne~ative 

0 

l 

3 

0 
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SER!JM GLUTAMIC-OXAL.1\CETIC TRANSAMINASE TEST RESULTS 

No. of deter- No. of less than greater than 
Liver pethology Total cases mi nations Patients 40 units i.o units ---- --·--·-- .. ·-- -----
"Normals" 22 I 4 2 2 LJ. 

Cirrhosis 17 9 6 () 9 

l\1etastasis to H.ver 38 Fi 6 1 5 

Malignancy without 
liver involvement 19 1 1 0 1 

\0 ,... 
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C,,se Number 

# 75 
# 87 
# 95 
# 96 
#101 
#106 

CBse Number 

#107 

c,-se Number 

# 74 
# 77 
# 82 
# 93 
# 94 
#103 

METASTATIC LIVER DISEASE 

Alkaline Phospha~ 

1.2 Bodansky units 
12 .. 5 Bodansky units 
27.6 Bodansky units 
not done 
4. 5 Bodansky 1mits 
7.7 Bodansky units 

MALIGNANCY WITHOUI' LIVER INVOLVEMENT 

Alkaline Phosphatase 

7.9 Bodensky units 

CIRRHOSIS 

Alkaline Phosphatase 

10.4 Bodansky units 
9.8 Bodansky units 

"normal" 
4.1 Bodansky units 
3.9 Bodansky units 
6.2 Bod.ansky units 

- 92 -

SGOT 

97 units 
127 units 
202 units 
61 units 
33 units 

143 units 

SGO'r 

200 units 

soo:r 

55 units 
209 units 
82.5units 

208 units 
186 units 

3600 units 
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DISCUSSION OF DATA 

Though the alkaline phosphatase was below 4 Bodansky units 

in all nine of the "normal'' patients, the results were incon­

clusive in studying liver metastasis. In those patients exhi­

biting metastatic disease of the liver; eight had alkaline 

phosphatase determination below 4 Bodansky units, and 16 had re­

sults above li Bodansky units. Of 9 patfonts with malignant 

neoplasms not involving the liver; 6 had "normal" results, while 

3 showed increesed enzyme activity. Therefore, though the alk­

line phosphatase activity was increased more often in patients 

with liver metastesis, the results were not conclusive enough to 

warrant the use of this test es a predictor of liver metastasis. 

The results of the total serum protein determinations are 

listed as follows: 
Mean value of total Standard 

Liver :e~tllCl_:!-ogy se~ protein deviation 

"Normals" 
Cirrhosis 
~tastatic disease 
of live:r 

Malignancy without 
liver involvement 

6.2 gm.% 
6 .. 5 gm.% 

6.o gm.% 

6.6 gm.% 

0.95 gm.1, 
1.0 gm.% 

0.91 gm .. % 

1.6 gm.% 

By inspection, one may observe that no significant differen­

ce is apparent in the results of the total serum protein deter­

minations in any of the four groups of liver conditions used in 

this study • 
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The albumin-globulin ratio is notable only in the group of 

patients with cirrhosis. Of 14 determinations done on 12 patients 

with cirrhosis, all 14 albumin-globulin ratios were reversed with 

albumins decreased in the range of 1.0 to 2.7 gm. per cent, and 

globulins elevated in a range of 2.65 to 7.0 gm. per cent. 

Mirroring the albumin-globulin determinations to a great degree, 

both the cephalin-cholesterol flocculation and the thymol turbid­

ity tests were abnormally elevated primarily in patients with 

cirrhosis. 

The Bromsulphalein test showed abnormally elevated retention 

in most of the cases in which it wr:,s used. The most likely cause 

:Jf many of the elevations of this test--especially in the "nor­

mals" end those patients with malignant neoplasms without liver 

disease--was decreased hepatic blood flow associated with conges­

tion of the liver. 

The bilirubin determinAtion results, both direct and total, 

did not lend themselves well to determination of a mean and stan­

dard deviation as did the total serum proteins. The results in 

the bilirubin tests were either within normal limits or highly 

elevated, and hence the standard deviation was greater than the 

mean. Both the total and direct bilirubins were elevated in a 

majority of cases except in the "normal·, patients. However, this 
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result could well be due to the fact that the test was often run 

in the presence of jaundice, and not run when jaundice was not 

observed or suspected. 

The prothronibin time was within normal limits 1n the vast 

majority of cases. The response to vitamin Kin the three cases 

in which the test was run was irregular and inconclusive. 

The urine bilirubin test was done too seldom and with too 

equivocal results to be of any value in forming any conclusions. 

The transaminase (SGCJr) was elevated in all 9 cases of cir­

rhosis and in 5 of 6 cases of metastatic disease of the liver. 

The combination of alkaline phosphatase and SGOT were run to­

gether in 12 cases. The results can be condensed as follo~s: 

Liver pa~hQ_l_ogy 

Metastatic liver 
disease: 

Y~lignancy without 

Alkaline phosphatase 

elevated in 4 
normal in 1 

liver involvement: elevated in 1 

Cirrhosis: elevated in 3 
borderline in 2 
normal in 1 

- 95 -

SGOT 

elevated in 4 
normal in l(not 
the same one nor­
mal as the a1ka .. ) 
line phosphatase) 

elevated in 1 

e leYated in all 6 

i~ 

I 
1, 

i 
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These results are too few to draw any conclusions from; how­

ever, it is noteworthy that the test results would prevent any 

differentiation between the three groups listed. Therefore, the 

use of the rE: "Ults of these two tests in the attempt to predict 

the presence or absence of liver metastasis is, to say the least, 

of dubious value and will give questionable results • 

CONCLUSIONS 

At first glance, the results of this study are quite discour­

aging. One may conclude that in the cas~s presented, no test or 

group of tests could be :found that would consistently distinguish 

patients with metastatic disease of the liver from those who were 

not so a:ffected. The inability to diagnose metastatic disease o:f 

the liver acc'Ul"ately, points out the greatest weakness of the 

present liver :function tests. 

However, some positive aspects are apparent f'rom the study. 

Probably the most encouraging fact is the fairly uniform abnormal 

results found in the albumin-globulin ratio, cephalin-cholesterol 

flocculation, and SGO -Transaminase tests in patients with cirrho­

sis. However, the elevated thymol turbidity in cirrhosis issome­

what surprising, although the elevations were not generally of 

gre,, t magnitude. 

Very few tests were run on patients with hepatitis, simply 

because so few people died of this disease during the five-year 

period of the study. However, one coulci ..... ~-i:·cct a high degree of 
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correlation with some of the tests in this condition .. 

Noting the fact that this study included primarily chronic 

hepa.tic disease and malignancy, one ma.y sta.te that the inconclu­

sive results in malignant disease were expected as wa.s the correla­

tion of some of the tests with citthosis • 

AFTERTHOUGHTS OF THIS STUDY 

Studies which result in negative conclusions can be of value 

if the procedure is analyzed and constructive criticism is direct­

ed toward the project • 

The problem in studying the ability of tests to predict liver 

metast~sis is two-fold. First, the tests must be performed over a 

long period of time, serially, and this entails greRt expense and 

gre::-t difficulty in continued c,ntact with the test subjects. 

Second, the need for a histological examination of the liver at 

autopsy should be essential to determine the presence or absence 

of hepatic metastasis. Liver biopsies will not do in the vast 

majority of cases, and are unreliable themselves as predictors of 

metastatic liver disease. 

In doing a further study, one would be well advised to begin 

with a large series of live clinic patients and run the exper­

imental group of tests on them periodically. An attempt would have 

to be made to maintain contact with the test subjects over a 

period of years. Finally, autopsies would I'""P to be performed on 

- 97 -



.__, 

"-"' 

,_,.. 

211 patients included in the study regardless of the presumed cause 

of death. Though this method would be quite long and most diffi­

cult, it appears to be the only accurate means of determining the 

value of any test or group of tests as a predictor of hepatic me­

tastasis. 

The basic difficulty in attempting to devise tests which 

measure the status of the liver is the organ itself. It is large, 

not easily accessible for examination, and performs a multitude of 

functions, not all of which are understood. Therefore, the basic 

biochemical and physiological actions of the liver must first be 

understood before truly definitive tests of liver status can be 

established. 

At the present time, one must still rely on clinical judgment, 

history, and physical examination as the main sources of infor­

mation in liver disease. Though the laboratory tests are helpful 

in confirming clinical opinions, they have not replaced clinical 

judgment as the chief diagnostic source of the physician. 
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VALUE AND USE OF LIVER FUNCTION TESTS IN GENERAL 

INTRODUCTION 

No ai.Jlgle liver function test is known whose results can 

describe adequately the functional or pathologic state of the 

hepatobiliary system. Consequently, multiple tests are re­

quired when one is attempting to determine the status of the 

liver. This need to use several tests results in the pri­

mary problem of the clinician who must use them; nalDely, which 

ones to use to get the most information about ea.ch specif'ic 

patient. 

As yet, there are no tests which distinguish definitely 

between the various forms of hepatocellula.r injury, and only a 

few a.re helpful in discerning between posthepatic and hepa.to-

67 
cellular jaundice. 

The use of the tests must at all times be tempered by the 

fact that absolute results are rarely apparent from any of the 

tests, even when used in combination. The value of clinical 

history, physical examination, and other diagnostic aids such as 

radiographic examination, liver biopsy, and bile studies must 
17 

again be emphasized. 

TYPES OF LIVER FUNCTION TESTS 

C2ntarow and Trumper divide tests of liver function into two 

categories. F'irst are those tests of "metabolic functions" which 
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depend entirely upon the functional integrity of the liver cells 

and are uninfluenced by interference with the flow of bile, un­

less this produces hepatocellular damage. Examples of this 

type of test are the flocculation and turbidity tests, the tran­

saminase tests, and studies of serum proteins. 

The other t;ype of test is that of "excretory function.,, 

where the results depend upon maintenance of a free flow of bile 

as well as upon hepatocellular function. An example of this type 
17 

os test is the serum bilirubin determination. 

Popper and Schaffner list four types of tests of hepa.tobil-

1ary function. First are the "activity and tolerance" tests 

which theoretically measure activity, capacity, or reserve. The 

tests measuring activity mirror the status of the organ, and us­

ually require a single determination of' a substance or a reaction .. 

Tests measuring capacity entail the response to a load of exogen­

ous material such as a dye, whereas tests measuring reserve use 

the response to a load of endogenous material, such as bilirubin 

or glucose. Cepacity and reserve tests sometimes cannot be clearly 

separated and are coupled by these authors under the category of 

tolerance tests. The authors state that tolerance tests measur­

ing dynamic response are preferable to activity tests reflecting 

a static picture. 

The second group is the "true liver function" tests that 

measure a function which only the liver performs and upon which 

other organs exert little influence. {owever, few of the known 
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functions of the liver lend themselves well to practical clinical 

evaluation, the main exception being the response of the prothrom­

bin time to the administration of vitamin K. 

The third group is the "conditioned liver function'' tests 

which measure functions that the liver shares with other organs 

or which are influenced by the function of other organs to a great 

degree. These include tests concerning such processes as serum 

protein formation or glycogen deposition in the liver. Despite 

theoretical drawbacks, much practical information about hepatic 

function can be obtained from these tests if the non-hepatobiliary 

influences upon the tests are taken into account. 

The fourth, and largest, group is the "hepatic" tests which, 

in contrast to the other groups, concern biochemical, serologic, 

or hematologic data on substances not necessarily formed or acted 

upon by the liver. They may also concern reactions influenced by 

functional alterations of the liver, and are sometimes acted upon 

159 
by other organs. 

USEFULNESS OF LIVER FUNCTION TESTS 

Contarow and Trumper list seven uses of liver function tests 

in clinical practice. First, the diagnosis of uncomplicated hem­

olytic jaundice can be established rather readily. 

Second, the tests aid in the diagnosis of uncomplicated post­

hepatic jaundice (extrahepatic duct obstruction) to a great degree. 

Third, they may reveal the presenc, of liver damage in pa-
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tients with known obstructive lesions(~•~•, stone, stricture, ne­

oplasm) • 

Fourth, serial studies are of great value in following the 

course of acute diffuse liver disease(~•~•, infectious and toxic 

hepatitis). In these conditions, they are particularly useful in 

revealing residual damage after subsidence of other clinical man­

ifestations, and in suggesting possible progression to chronic 

liver disease. 

Fifth, certain tests may be of quite specific diagnostic value. 

Sixth, they may indicate the presence of unsuspected liver 

disease(~-~-, cirrhosis). 

And seventh, they afford the only means of demonstrating the 

integrity of, or evaluating the degree of impairment of, various 

hepatic functions in the presence or absence of evidence of mor-
17 

phologic change. 

SENSITIVITY OF VARIOUS LIVER FUNCTION TESTS 

Popper lists the following six tests as those liver function 

tests whose results are most sensitive to changes in the hepato­

biliary system. The six are (1) the presence of urine bilirubin; 

(2) elevation of serum bilirubin; (3) the amount of urine and fe­

cal urobilinogen; (4) increased retention of Bromsulphalein; (5) 

increased thymol turbidity (though not in cirrhosis); and (6) in­

creased serum alkaline phosphatase activity . 
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He lists cephalin-cholesterol flocculation activity, choles­

terol/ester ratio, zinc sulfate turbidity, serum esterase, intra­

venous hippuric acid tolerance, galactose tolerance, prothrombin 

time response to vitamin K injection, and serum albumin as moder­

ately sensitive hepatic tests. 

The nonsensitive hepatic tests listed by Popper include amine-

. 159 
aciduria, low total cholesterol, and hypoglycemia. 

He does not mention transaminase determinations in his dis­

cussion, but they have been noted to be es sensitive to hepato­

biliary patholgy as the alkaline phosphatase, so one may assume 

that transaminase activity would be listed as a very sensitive he­

patic test, 

COST OF LIVER FUNCTION TESTS 

The cost of liver function tests in various laboratories 

naturally varies considerably. Often, the expense of a seldom­

used test in a small laboratory is greater than in a large lab­

oratory which runs that procedure more often; while at the same 

time, the test run in the smaller laboratory may be less accurate 

due to the relative lack of familiarity of the technician with 

the test .. 

The prices for the following tests are taken from the in­

dividual price list of a private labora.tory in Omaha, Nebraska. 

This laboratory of private pathologists does a great deal of la­

boratory work for local and regional physi~1 ns, and their prices 

- 103 -



.,,.,, 

. "-' 

'-' 

are considered to be fairly representative of the "average" cost 

of most tests. The cost quoted for each test would be the price 

for that test if it were ordered individually. In a few cases, 

ordering more tests lowers the cost of some of the tests. 

Cost for individual liver function tests at a private labor­

atory, Omaha, Nebraska, August, 1962: 

Test Cost 
$3:-00 

3.00 
4.oo 
4.oo 

Alkaline Phosphatase ••.••.••• 
Prothrombin Time ••••••••••• 
Cephalin-Cholesterol Flocculation ••• 
Thymol Turbidity ••••••••••• 
Fecal Urobilinogen ••••••••••• 
Urine Urobilinogen ••••••••••• 
Serum Bilirubin • • • • • • • • • • • • 
Urine Bile , • • • • • • _11$\. • • • • • • 
Urine Bilirtibi~ ( Ictotes~J • • • • • • 
Bromsulphalein •••••••• ., •••• 
Total serum Protein •••••••••• 
Total serum Protein plus Albumin/Globu-

6.oo 
4.oo 
5.00 
1.00 
1.00 
5.00 
4.oo 

lin ration(Biuret reaction) v ••• 8.oo 
Serum Electrophoresis plus Total Serum 

Protein and Biuret reaction •••• 10.00 
Serum Glutamic-Oxalacetic Transaminase. 5.00 
Serum Glutamic-Pyruvic Transaminase •• 5.00 

USE OF LIVER FUNCTION TESTS Pi TJW f,Tf<'FERENTIAL DIAGNOSIS 
OF JAUNDICE 

As stated earlier, the differential diagnosis of jaundice is 

in effect a "therapeutic differential diagnosis" to separate "sur­

gical'' jaundice from "medical" jaundice. The basis of the differ­

entiation is the finding of abnormal results of tests indicative 

of he:patocellular degeneration and of normal results of tests in­

dicative of cholestasis in medical jaundic..: and vice versa in 
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surgical jaundice. Intrahepatic tumor metastases or lymphomas 

producing jaundice belong to the medical group, since the jaundice 

results from intrahepatic processes not amenable to surgery. 

Popper lists certain findings which indicate hepatocellular 

degeneration. They are abnormal cephalin-cholesterol floccula­

tion, increased thymol turbidity, 321ncrea.sed urobilinogenuria, 

low serum cholinesterase level, decreased cholesterol/ester ratio, 

. 154 159 and reduced prothrombin time despite vitamin K therapy. ' 

Cohn and Kaplan also add elevation of the level of serum transa­

minases,.134 Because of the frequent occurence of biological false· 

positive tests, abnormal results in at least two of these tests 

are required (although abnormal results in the cephalin-cholesterol 

flocculation and thymol turbidity tests should be counted as only 

159 
one abnormality). · 

Popper lists the following test results as indicative of 

cholestasis (posthepatic jaundice); obsent urinary urobilinogen, 

serum alkaline phosphatase activity above 15 Bodansky units (Ducci 

lists 10 Bodansky units as the lower limit of posthepatic obstruc­

tion32), And hypercholesteremia. 159 Cohn and Kaplan also list 

bilirubinuria ~nd elevation of the level of serum transaminases:
34 

There are three exceptions to the basic rules set forth by 

Popper. First is the instance of secondary hepatocellular degen­

eration in surgical jaundice which is caused by prolonged extra­

hepatic biliary obstruction or by secondary bacterial infections 

of the portal tracts. In this case, lf:.buratory evidence of both 
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hepatocellular degeneration and cholestasis is found. 

Second is the condition of incomplete or intermittent extra­

hepatic cholestasis which results in fluctuating findings indic­

ative of cholestasis in cases of surgical jaundice. When no choles­

tasis, but slight liver damage, is found at the time of examination, 

medical jaundice is probably present. 

Intrahepatic cholestasis, or "cholangiolitis", is the third 

exception. This diseasE: process produces abnormal results in 

tests indicating cholestasis while the troe pathologic process is 

actually a type of medical Jaundice. 159 

LIVER FUNCTION TESTS TO BE USED IN ROl1.rINE STUDY 
OF NON-,JAUNDICED PATIENT 

Popper notes that the problem of demonstrating hepatic in­

jury in non-jaundiced patients occurs primarily in screening for 

anicteric or preicteric viral hepatitis during an epidemic; for 

toxic damage after exposure to poisons, mainly industrial in na­

ture; and for injury resulting :from the administration of drugs 

for clinical or experimental purposes. Since otherwise healthy 

persons are examined, minor alterations of hepatic function are 

significant. False positive results and abnormal results in 

carriers of hepatitis sometimes interfere with the interpretation, 

and isolated observations are unconvincing. 159 

Popper and Schaffner recommend the following tests in the 

routine study of the non-jaundiced patient; urinary bilirubin and 
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a.nd urobilinogen excretion, Bromsulphalein retention, direct-re­

acting serum bilirubin, cephalin-cholesterol flocculation, and thy-

159 mol turbidity. 

Cohn and &plan concur in Popper's choice of tests but adds 

serum alkaline phosphatase activity, serum transaminase levels, 
134 

and total serum bilirubin in his list of routine tests. 

Bernhard also adds the determination of serum albumin and 

globulin to the routine tests to determine if occult liver disease 

9 is present. 

M<-clagan also recommends paper electrophoresis of serum pro­

teins and the plasma prothrombin time as special tests to be used 

at times in the absence of positive signs of liver disea.se in a 

patient with suspected liver pathology .. 119 

LIVER FUNCTION TESTS TO BE USED IN HEPATOCELLULAR DISEASE 

Neefe and Reinhold :find that in the early (pre1cteric) stage 

of infectious hepatitis, the Bromsulphale1n retention, bilirubinur­

ia,. increased cephalin-cholesterol flocculation,. increased one­

minute serum bilirubin, and increased thymol turbidity (in rough­

ly that order) provide the earliest evidence of the initial heps­

tic disturbance. 

During the convalescent state, the thymol turbidity test is 

the most consistent indicator of persistent disturbance with the 

colloidal gold, cephalin-cholesterol flocculation, one-minute 

serum bilirubin, and Bromsulphalein tes-~s following in order of de­

creasing consistency. 
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These authors recommend a group composed of the Bromsulpha­

lein, total and one-minute serum bilirubin1 urine bilirubin and 

urobilinogen, cephalin-cholesterol flocculation, and thymol tur­

bidity procedures as the most reliable minimum group of tests for 

the detection of mild hepatic disturbance at any stage of the 

143 disease. 

Hrwk and associates agree with Neefe and Reinhold's recom­

mendation above, although they list the Bromsulphalein as the test 

of choice when only one test is to be used serially in the "recov-

71 
ery stage of hepatitis. ' · 

These authors suggest that, in following the course of the 

jaundiced patient suffering from parenchymatous disease, the di­

rect and total serum bilirubin, flocculation tests, the serum al-

71 
bumin and globulin, and the plasma prothrombin time be use. 

Davis recommends the use of the Bromsulphalein retention, the 

serum bilirubin, total serum protein determination with electro­

phoretic fractionation, and serum alkaline phosphatase as: routine 

tests to determine liver damage. He noted that in 87 patients, of 

whom 25 died at surgery, the liver function tests were of little, 

or no, value, in forecasting successful completion ,,f surgery. 

However, he recommends Bromsulphalein retention, serum albumin 

determination, and the prothrobin time as the best laboratory 

indicators for operative risk that are availrble; although, he 

lists clinical evaluntirin end liver biripsy ss rPing far superior 

30 
t0 any chemicel test. 
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Manning and Delp suggest the use of Bromsulphalein retention, 

urine urobilinogen, cephalin-cholesterol flocculation, serum tran­

saminase, and serum bilirubin in the detection of liver disease.
124 

Popper and Schaffner note that if severe in:flammation due to 

bacterial infection complicates extrehepatic biliary obstruction, 

the laboratory picture becomes indistinguishable from that of med­

ically treated jaundice, since the resulting elevation in the serum 

gamma globulin level may produce abnormal results in the floccula­

tion tests. In this case, the clinical fP.atures of chills and fever 

with leukocytosis or possibly liver biopsy may clarify the prob-

158 
lem. 

In following patients with known liver disease to evalu2te 

the extent of da!!k~ge, and to follow the progress of disease; Cohn 

8nd Kaplnn recommend serum bilirubin, thymol turbidity, cephalin­

cholesterol floccuh,tfon, and. albumin and globulin determinations 

as being useful tests in general. They note that the urinary uro­

bilinogen and cholesterol and its esters are valuable under special 

conditions .. 134 

Bernhard suggests the use of the direct and total serum bi­

lirubin, Bromsulphalein retention, serum albumin and globulin, 

cholesterol, serum enzymes (transaminases), urine urobilinogen, 

and the prothrowbin time in the study of known hepatocellular 

disease.9 
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LIVER FUNCTION TESTS TO BE USED IN KNOWN BILIARY OBSTRUCTION 

Hrwk and associates state that in differentiating jaundice due 

to biliary disease from that due to parenchymatous disease, one 

should use the serum alkaline phosphatase, the cephalin-cholesterol 

flocculation and thymol turbidity test, the prothronibin time and 

response to injection of vitamin K, and the fecal urobilinogen. 

They feel that in following the course of the surgical pa­

tient with disease of the biliary tract one should use the alkaline 

phosphatase, the plasma prothrombin time, the direct and total se­

rum bilirubin, serum albumin and globulin, electrolytes, and the 

71 
blood urea nitrogen. 

Bernhard proposes the use of the serum bilirubin, prothrom­

bin time, serum albumin and globulin, flocculation tests, serum 

transaminase, cholesterol, and alkaline phosphatase tests in pa-

9 tients with known obstruction. 

Cohn and Kaplan recommend the use of serum bilirubin, alka­

line phosphatase, end albumin and globulin fractions of serum in 

following pet~ents with biliary tract disease, both in diagnosis 

134 
and post-operatively. 

Intrahepatic cholestasis cannot be differentiated from ex­

trahepatic cholestasis by laboratory tests, since liver biopsy 

demonstrates extrahepatic obstruction only in protracted cases~58 
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LIVER FUNCTION TESTS IN MISCELLANEOUS CONDITIONS 

In a study of a group of people 65 years old or older, Cohen 

and associates find that there is no distinct increase in abnor-

23 
malities in the results of liver function tests. 

Kumate and associates studied simultaneous changes of various 

liver function tests in 30 cases of biliary atresia confirmed by 

exploratory laporotomy or necropsy. 

They note a tendency for the serum bilirubin to rise as age 

advances which is tnore evident a:fter the :fourth month. However, 

the degree of correlation is poor. 

Flocculation tests are abnormal in over 35 per cent of cases, 

and are more ma.rked as age and degree of malnutrition increase. 

Transaminase a.ctivities in serum show slight increases (to 

about 100 units per ml.), predominantly in the glutamic-oxaloecetic 

type, and without relation to age, nutritional condition, or floc­

culation tests. It is notable that some authors have placed the 

upper limit of normal for serum transaminase activity as high as 
20,99 

120 units per ml. in the postnatal period. 

Studies of Bromsulphalein clearance show increased retention 

at 45 minutes in about 30 per cent of cases. 102 

Richman and associates did serial liver function tests on 

175 patients with right-sided heart failure of diverse etiology. 

Abnormal results obtained varied from 2 ner cent (thymol turbidity) 
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to Bo per cent (Bromsulphalein and prothrombin time) of cases .. 

The causes of the right-sided heart failure do not appear to 

influence the pattern of altered liver function as much as whether 

failure was acute or chronic. The liver indices reflecting paren­

chymal cell destruction and excretory activity are most affected 

during acute failure. 

The majority of indices of hepatic function return to normal 

within one to two weeks following cardiac compensation, except for 

those reflecting biosynthesis by the liver, which improve more 

slowly, and hyperglobulinemia, which tend to persist. Repeated 

attacks of failure (as in rheumatic heart disease) are associa-

173 
ted with more severe impairment in liver function. 

OTHER LIVER FUNCTION TESTS 

Because of the scope of the subject, this thesis necessarily 

is limited to those liver function tests which the author :feels to 

be of general use and importance. other liver function tests 

which have found some use either presently, or in the past, are 

listed as follows (no attempt is made at absolute completeness): 

1. Serum cholester~l and cholesterol esters134,l59 
2. Icteric index1j 

3. Golactose tolearancell6 
4. Hippur1c acid synthesis 
5. Serum mucoproteinsl59 
6. Thymol flocculationl59 
7. Zinc sulfate turbidity 
8. Tr·kate-Ara flocculation 
9. Serum colloidal gold 

10. Intravenous rose bengal 
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11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

Bilirubin tolerance 
Plasma vitamin A leve¼ 
Blood glucose leve113 
Adrenalin tolerance 
Cholinesterase leve1159 
Intravenous lactic acid 
Levulose tolerance 
Ammonium sulfate 
Blood and urine amino acids134 
Duodenal aspiration159 
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RECENT WORK IN THE DEVELOPMENT OF LIVER FUNCTION TESTS 

INTRODUCTION 

The primary emphasis of recent work in liver function tests 

seems to center in the field of radio-diagnosis. Much has been 

written about studies utilizing radioactivated substances such as 

rose bengal. 

Other work 1s being done on the development or new substances 

which attempt to measure hepatic clearance(~•[•, indocyanine 

green), and on easier methods of accurately determining liver func­

tion in smaller laboratories. 

USE OF RADIOACTIVATED SUBSTANCES IN TESTING LIVER FUNCTION 

Rose bengal is a chemical substance which acts in much the 

144 same manner as Bromsulphalein. In fact, the rose bengal test 

was at one time used as a liver function test. However, this ma­

terhU has been ''tagged" with radioactive iodine (atomic weight, 

131) resulting in the formation of the r131 rose bengal test. 

In normal humans, the radioactivated substance is injected in­

travenously and goes in succession to the blood, liver, bile duets, 

gastrointestinal tract, and finally is excreted in the feces with 

a small amount being excreted in the urine. The amount excreted 

in the feces in 72 hours can be measured by radioactive studies of 

144 a fecal sample. 
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In infants with biliary atres1a, no substance is able to get 

from the liver to the gastrointestinal tract, and therefore, none 

is excreted in the feces and most is excreted in the urine. Thus, 

a decrease in fecal excretion coupled with an increase in urinary 

144 
excretion in infants is diagnostic of biliary atresia. 

Ghadimi and Sess-Kortsak report that the 72-hour fecal ex-

131 . 
cretion of r rose bengal in infants with normal livers exceeds 

70 per cent, with the corresponding figures for urine not exceed­

ing 4 per cent. In four inf'alltr! ,with atresia of the extrahepatic 

bile ducts, proved by laperotomy, the fecal excretion is between 

2.2 and 5 per cent of the injected dose. They also find that the 

72-hour fecal excretion of the same substance in 7 infants with 

obstructive jaundice and patent extrahepatic ducts is 10.5 or more 

per cent. These authors also note that the hazards involved due to 

exposure to a radioactive substance are no greater, in their opin­

ion, than exposure to a conventional fluoroscopic procedure. 50 

TPplin and associates report favorably on the value of the 

1131 rose bengal test and the radioactive-gold (Au198) test as 

indicetors of liver blood flow and cellulBr function. Liver blood 

flow is measured accurately, they state, by the disappearance of 

the intravenously injected subst~mce from the blood as measured 

by a radioactive counter attached to the patient's thigh. The 

cellul<:r function is measured by a radioactive counter which is 

~ ~ at~ached to the patient above his liver. These authors feel 

this use of r131 
rose bengal and Au198 allows for recognition of 
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conditions in which portal hypertension is present; primarily 

cirrhosis, lymphatic leukemia, severe congestive heart failure, 

and hemorrhagic shock. They C,lnclude that these tests are most 

useful in the medical and surgical management of cirrhotic patients 

with portal hypertension and active hepatitis.
2
o8 

131 However, Richman and Jscobs feel that the I rose bengal 

test does not give consistent results in any specific group of 

liver disease and hence does not offer any greet value as a test 

of liver function. 172 

Ackerman and associates have developed a technique for scan­

ning the liver for space-occupying lesions, which are less radio­

active than normal liver tissue, using 1131 rose bengal. They claim 

this technique has empirically demonstrated lesions one inch or 

1 
more in diameter. The possibility of the eventual use of this 

test in diagnosing liver neoplasms, both primary 2nd metastatic, 

cannot be overlooked. 

The r131 iodiparnide test was devised by McLaren and associates 

in 1959 to measure the clearance and excretion of that substance 

by the liver. However, Freiman &nd associates, after using the 

test, conclude that it cannot be used to separate patients with 

normal hepatobiliary function from those with defects in their 

hepatobiliary system. 
45 
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IJ'IDOCY.ll.NINE GREEN 

In this test, indocyanine green, a dye, is injected into the 

median basilic vein of one a:rm and blood is collected at various 

time intervals from a vein of the other arm. Approximately 0.5 

mgm. per kg. of body weight of the dye is injected. No reactions, 

systemic or otherwise, to the dye have been noted following in­

jection. After withdrawal of the blood, the samples are centri­

fuged, and the plasma dye concentrations are read against the plas­

ma blank on a Beckman DU spectrophotometer at a wave length of 

231 805 mill1microns. 

Hunton and associates have established a minimal normal plas­

ma disappearance rate of 18 per cent per minute .. Wj_th f'ew excep­

tions, slower rates have been found only 1n patients having clin­

ical or pathologic evidence of liver impairment. These authors 

feel that the indocyanine green test may be of clinical value in 

81 patien~s who have spurious retention of Bromsulphalein. 

stekiel and associates agree that indocyanine green has po­

tentiality as a measurer of liver blood ~low but warn of two fac­

tors which serve as poorly-defined sources of error. One is the 

obtaining of a representative hepatic venous sample when with­

drawing blood for measurement of the dye; and the other is the de­

termination of a true extraction ratio which is complicated be­

cause of the difficulty in knowing hepatic circulatory t1me. 200 

C:-:esar and associates feel that though the plasma. indocya.­

nine green test is comparable to thE Bromsulphalein test, the 
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former has no advantage over the latter 1:1s a screening test of 

liver function. 14 

A Sil-fPLER LIVER FUNCTION TEST 

R·ddin reports thl'lt many women who are chronically ill with 

indigestion and constipation have a poor Decholin taste time test 

when no other test is abnormal. He feels this is a clinically de­

pendable test of liver dysfunction compatible with an insufficient 

amount of bile secreted into the duodenlllD. The test is recommen­

ded when excellent laboratory facilities are not available, and when 

hospitalizat;t6n is refused. He concludes that, in general, the 

quicker and stronger the taste 1s noted and maintained, the more 

1 i 1 
166 

norma s iver function. 

CONCLUSION 

The primary area of research in liver function testing is 

currently in the field of radioactivated substances. These mater­

ials are injected and then measured by radioactivity counters, 

either on different areas of the patient at the same time, or in 

the excretory products of the patient. 

The possibility that hepatic neoplasms may someday be diag­

nosed by radioactive liver-scanning (similar to thyroid-scanning 

presently done) offers hope that this diagnostic enigma may still 

be conquered. 

The work being done on substunces to measure hepatic clear-
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ance do not offer much hope for improvement over those teats pre­

sently available. 

Simple attempts to measure liver :function, such as the Decho­

lin taste time, while interesting, have not been thoroughly tested 

and are probably just ways of convincing oneself that an inconclu­

sive laboratory test may be diagnostic. In this case, perhaps no 

test would be better than one giving dubious results. 
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SUMMARY 

INTRODUCTION 

Liver function tests are indicated in patients with clin­

ical signs and symptoms ef hepatobiliary disease, or in those 

patients in whom the presence of liver and biliary tract path­

ology is suapected. These tests aid in the diagnosis, prognosis, 

and follow-up of diseases of the hepatobiliary system. 

However, one must be aware from the beginning that in u-

sing liver function tests, one is using p, group of imperfect 

instruments which are of value only as adjuncts to clinical his­

tory, physical examination, and other methods of studying the hep­

a tobiliary system. To help reduce the error of any one test, and 

to measure a variety of the liver's poorly understood functions, 

liver function tests are usually performed in groups, and ser­

ially. The abnormal result of only one test at only one time is 

flimsy evidence on which to base a diagnosis of liver disease. 

A primary use of liver function tests is to aid in the dif­

ferential diagnosis of jaundice. Various classifications of jaun­

dice have been put forward, but the one mainly alluded to in this 

thesis is that of Ducci, with modifications by Miller. They dif­

ferentiate jaundice into prehapatic, hepatic, and posthepatic 

types corresponding to overproduction of bilirubin or anoxia, 

damaged hepatic cells, and obstruction of the biliary passages, 

respectively. 
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ALKALINE PHOSPR~TASE 

The alkaline phosphatase test often provides valuable pos­

itive evidence in the diagnosis of posthepatic jaundice. The 

mechanism of the test is poorly understood; and moderate rises 

are noted in, but are not diagnostic of, many cases of hepato­

cellular disease. 

The test result is commonly elevated in children, diseases 

of the bone, hyperparathyroidism, congestive heart failure, and 

following ingestion of fat. Lowered test results have been noted 

when the patient is in a fasting state. 

The test has found favor with some in attempting to diagnose 

the presence of met&static carcinomB of the liver, but conclusive 

evidence of its value in this diagnostic dilemma hrs never been 

produced. 

SERUM AND 1JRINE BILIRUBIN 

Bilirubin is a product of the breakdown of hemoglobin in the 

reticulo-endothelial system. It exists in plasma as both the 

direct-reacting (mono- and diglucuronides) and indirect-reacting 

(free bilirubin) forms • 

Jaundice is due to the affinity of elastic tissue for biliru­

bin, thus imparting a characteristic yellow color as the concentra­

tion exceeds a critical level. (Jaundice is generally believed to 

become clinically detectable when the total serum bilirubin exceeds 

2. 5 rngm. per 100 ml. of serum. ) 
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Besides jaundiced conditions, elevated serum bilirubin is 

noted in subclinical liver disease, newborns, and congestive 

heart disease. 

Measurement of direct and total serum b11irub1n is valuable 

in the diagnosis of hemolytic jaundice, where the indirect fra.c­

tion is markedly elevated in the presence of near-nortt!Al direct 

values. However, this partition is of' little value in di:f:ferentia­

ting hepatic from posthepatic jaundice. 

Urine bilirubin, an abnormal f'inding whenever present, is 

noted in many cases of hepatic and posthepatic jaundice, in con­

gestive heart failure, and in pulmoll8ry infarcts. 

Urine bilirubin is quite helpful in the early diagnosis of 

infectious hepatitis, but is a poor follow-up test because its 

early return to normal is not associated with clinical improve­

ment. Urine bilirubin is always absent in hemolytic jaundice. 

BROMSULPHALEIN 

The Bromsulphalein retention test is an excellent screening 

test for liver function. The conditions of the test are precise 

and must be followed accurately to achieve reliable results. 

The rate of removal of the dye from the blood depends on the 

excretory capacity o:f the liver, the patency o:f the bile ducts, 

and the hepatic blood flow. Test results must be interpreted in 

view of the patient's complete condition as many non-hepatobiliary 

factors may affect the test. 
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The Bromsulphalein test offers little help in the differen­

tiation of jaundice, but is an excellent procedure in detecting 

latent liver disease and in follow-up studies of hepatocellular 

pathology. 

Allergic responses to the dye must always be guarded against. 

FLOCCULATION AND TURBIDITY TESTS 

The cephalin-cholesterol flocculation and thymol turbidity 

tests are the most commonly used tests of liver function. They 

are non-specific, empirical tests of serum which often furnish 

clues to abnormal serum protein composition and activity, thus 

often exposing hepatocellular disease. The causes of abnormal 

flocculation and turbidity are partially understood and concern 

stabilizing and precipitating factors in many instances. 

The cephalin-cholesterol flocculation test is quite useful 

for the diagnosis of hepatocellular degeneration in hepatitis or 

cirrhosis. This test is more dependable in detecting cirrhosis 

then the thymol turbidity, and is often positive early in the 

caurse of virr,1 hepatitis. 

The thymnl turbidity is en excellent test for the follow-up 

of hepatitis, since it is often the last test to return to normal. 

The test is also useful in the diagnosis of postnecrotic cirrho­

sis--the only form of cirrhosis in which this test is consistent­

ly abnormaL 
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Neither test gives positive results regularly in cases of 

post-hepatic jaundice. Both are also affected by other conditions 

resulting in abnormal serum protein states such as infectious mono­

nucleosis, mel·ria, and rheumatoid arthritis • 

The tests ere most profitably used together, since they each 

are nffected by a somewhat different area of serum protein changes. 

SERUM PROTEINS 

Serum proteins may be measured by salting-out methods, use of 

water-miscible orgBnic precipitants, electrophoresis, ultracentri­

fugation, and the use of immunochemical procedures. The first 

three methods are most commonly used. 

Changes in serum proteins are quite non-specific and variable. 

A decreased level of serum albumin is often seen in chronic hepa­

tocellular disease, and is a valuable prognostic tool in certain 

cases. 

The serum globulin level tends to rise in both acute and 

chronic hepatocellular disease. 

The traditional determination of album/fglooulin ratio is un­

reliable unless one knows the absolute values for both fractions, 

as they may be affected by different factors. 

PRO'l'HROMBIN TIME 

The prothr mbin time is a rapid and valuable test of bleeding 

tendency, and is sometimes helpful in the di·1gnosis of liver disease .. 
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Since prothrombin is formed by hepatic cells, the prothrombin time 

should be prolonged in hepatocellular disease. Also, since fat­

soluble vitamin K is required for prothrombin synthesis, the pro­

thrombin time should also be prolonged in extrahepatic obstruction 

which prevents bile selts from reaching the intestinal tract. 

Therefore, if ~rothrombin time is prolonged, and then improves 

more than 15 per cent within 24 hours following injection of vit­

amin K, a diagnosis of posthepatic jaundice would be indicated. 

Whereas, the absence of improvement in the prothrombin time would 

indicate hepatocellular pathology. 

However, the clinical results of the prothrombin time have 

not been as encouraging as the theoretical design of the test, and 

its use as a liver function test is limited because of this. 

Though it may at times be helpful, the prothrombin time is rarely 

a test of choice in the evaluation of liver function. 

SERUM TRANSAMINASES 

Enzymes catalyzing different transamination reactions have 

been found widely distributed in animal and human tissues, and 

have been shown to ch8nge in activity in some tissues during 

disease. Serum glutamic-pyruvic transaminase (SGPT) is found 

mainly in the liver, while serum glutamic-oxalacetic transaminase 

(SGOT) is particularly concentrated in cerdiec muscle. 

The activity of these enzymes is markedly increased in cases 

of hepatitis; r-nd mildly incrensed in infectious mononucleosis, 
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cirrhosis, posthepatic jaundice, and liver metastasis. Some dif­

ferentiation between ''medical" and "surgical" neonatal jaundice can 

be made by serial determination of the SGOT and SGPT enzyme activ­

ities • 

The activity is also elevat~d somewhat in all newborns, and 

following myocardial infarction. 

URINE AND FECAL UROBILINOGEN 

The urobilinogens are formed by the reduction of bilirubin 

in the intestinal tract by bacterial action. The urobilinogens 

are colorless hut tend to oxidize in the intestinal tract to form 

urobilins which impart 8 brown color to the feces. 

The determinat;_on of urobilinogen excretion, either in the 

urine or feces, is an excellent test of early liver impairment. 

The test is quite sensitive to changes in hepatobiliary metab­

olism, and can often be a great aid in the differential diagnosis 

of jaundice • 

Because of the time required for a fecal urobilinogen study, 

urinary urobilinogen measurement is preferred generally. 

Elevation of urobilinogen excretion is also noted following 

acute myocardial infarction, pernicious anemia, leukemia, and 

other conditions. The test is unreliable when done on patients who 

are receiving antibiotic therapy which interferes with the gastroin­

testinal bacterial flora. 
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REVIEW OF lo8 AUTOPSIES 

A review of lo8 autopsies from the University of Nebraska 

College of Medicine Department of Pathology is presented with 

reference to the results of liver function tests and their corre­

lation with post-mortem hepatic findings, particularly the presence 

or absence of hepatic metastasis. 

No test was found that correlated highly as a predictor 

of the presence of hepatic metastasis; though certain tests did 

show a high degree of correlation with cases of cirrhosis. 

Problems of a study in predicting liver metastasis are com­

mented upon, end certain recommendations
1

pertaining to the possi­

bility of future studies are made. 

VALUE AND USE OF LIVER FUNCTION TESTS IN GENERAL 

Different groupings of liver function tests are presented 

along with seven definite uses of these tests. 

A discussion of the varying sensitivity of the different tests 

is presented. The cost for each test examined at length in this 

thesis is listed, using ~ f}V-tva.+e · laboratory tf\ Omaha, Ne­

braska, as the reference for the cost. 

The use of liver function tests in the differential diagnosis 

of jaundice, the routine study of the non-jaundiced patient, the 

study of hepatocelluh•r and known biliary obstructive diseases, and 

miscellaneous conditions is discussed. 

other less used tests of liver function are listed. 
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RECENT WORK IN THE DEVELOPME:NT OF' LIVER FUNCTION TESTS 

The primary interest in current work 0n liver function tests 

has been the attempt to develop radio-isotopic diagnostic methods. 

The r131 rose bengal test is the chief example of these efforts. 

The results have not been conclusive to show any advantage to 

the use of these tests as yet. 

~ew chemical substances are also being experimented with, 

notably the dye, indocyanine green, which gives reported results 

comparable to those of the Bromsulphalein test. 

other less promising studies have been suggested, and are 

noted • 
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CONCLUSION 

A review of c 'mmonly used tests ,f liver function is pre­

sented stressing technique; mechanism of action, use in hepato­

biliary disease, and non-hepatobiliary causes of abnormal test 

results. 

A correlation is attempted between these tests and autopsy 

material obtained from the records of the University of Nebraska 

College of Medicine Department of Pathology. 

The coordinated use of various liver function tests in an 

attempt to gain the m1'st information available from them is dis­

cussed. 

The recent developments in the field of liver function tests 

are given, with special emphasis on radio-isotopic studies. 

The limitati ns of the tests, al,ng with their value, use, 

and cost, are consid0red. The tests can often be of great diag­

nostic aid when combined with the clinical history, physical ex­

amination, and other studies; but they have not supplanted these 

traditional techniques in the diagnosis of hepatobiliary disease. 
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