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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 distinet challenge to the physician. The large number of
tests, plus the appesrent inconsistencies sometimes noted in
their results, often leads the clinician to disregard the values
obtained, with the result that nothing has been "gained" ex~
cept a higher lasborstory fee for the patient,

This unhappy state of affairs is psrtially due to the fact
that liver function tests depend upon integrated physiologic ac-
tivities which are but pertly understood.65 Furthermore, estima-
tion of the presence or absence of hepstobiliary disease is com~
plicated by the large functional reserve of the liver and its
powers of regeneration, Under certain circumstsnces as much as
85 to 90 per cent of the liver may be removed before impaired
function is discernible by lsboratory tests.l3h

Because of the imperfections of liver function tests, any
discussion of them must begin with epphesis on the faet that
these tests sre merely aids to the clinical examinstion of the

patient and cannot substitute for judgment and experienced ob-

servatlon on the part of the physician.



INDICATIONS FOR LIVER FUNCTION TESTS

Ivy and Roth list three assumptions that are involved in the
intelligent use of liver function tests (or any lsboratory test).
First, the physician must have in mind a specifie question for
which he deésires 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.BB

Liver function tests are indicated in twc types of patients.
The first group is those patients with definite signs of hepato-
biliary disease, such as hepatomegaly or jesundice, or an estsb-
lished dlagnosis such as cirrhosis. The tests are used in these
cases to help establish a definite etiology for the sign or symp-
tom, or to ald 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 patients with signs or symptoms suggestive of hepatobil-
jary disease, such as pyrexia (hepatitis?) or dyspepsia (cirrhosis?)e
In these patients the tests are used primarily to detect if the
hepatobiliary system is functioning improperly, and éecondarily to
determine the etiology of this malfunction if it exists¢119

Almost all suthors recommend the use of multiple tests in
any patient 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 hepatobilisry disease in which



the etiology has been determined. Popper lists three reasons

for the use of multiple tests. First, the clinical entities of
hepatoblliary disease are usually composed of geveral functional
and structural pathologic features, which are not all present to
the same degree. Therefore, tests indicating different features
are employed.65 Second, most structural sbnormalities 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 hepatobillary disease with almost every hepatic
test. Similarly, almost no test yields abnormsl results in all
patients with even severe hepatic 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”

or "false negative” results of individual tests¢159

CLASSIFICATION OF JAUNDICE
Perhaps the most practiecal aspplication of liver function tests

is in the differential disgnosis of Jaundice.l59

Essentislly, this
is a "therapeutic differential disgnosis" to separate "surgical"
Jjaundice (from tumors, strictures, or stomes) from 'medical" jaun-
dice (from hepatitis or cirrhosis). Hemolytic jaundice may be
differentiated from the previously listed types relatively easily

1
by other tests (e.g., the reticulocyte count), 29



The division of jesundice into "medical" and "surgical" types
is just one example of the classification of jaundice, Since many
classif'ications have been presented, and since various types of
Jjaundice 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 Duceci is based mainly on the stage
at which bilirubin is accumulated during the process of excretion,
whether within the liver or the extrahepatic biliary tract(post-
hepatic). In the former case, it differentiates those instances in
which bilirubin has been converted to the prompt-reascting type
(hepatic) or is still delayed or indirect-reacting (prehepatic).

Thus, Ducci divides jaundice into three groups, esch with two
subgroups. His first group is prehepatic jsundice which he divides
into hemolytic and nonhemolytic. His second group is hepatic
Jaundice which he separates Into hepatocellular and hepatocanalicu-
lar; and his third group is posthepatic jaundice which he divides
into complete obstructive and incomplete obstructives32

Cohn and Kaplan adapt the classification system of Ducei and
others {Young, Rich, and Dameshek) into & much more comprehensive
pattern.'Thgydefine~ prehepatic jaundice as being that jaundice
caused either by overproduction of biliruvbin or by anoxia inter-
fering with normal hepatic function. Therefore, this type of
jaundice may be caused by hemolytic anemia due either to "intrimsic"

mechanisme acting upon the red cell (e.g., isoimmune reactions),

wlfm



Another casuse of prehapatic jaundice 18 decreased hepatic blood
flow 8% seen in congestive heart failure or "shock syndrome’.

Cohn and Kaplan describe hepatic jaundice as thet jsundice
caused by functionally subnormal, abnormsl, and necrotic hepatic
cells which are incapable of transferring bilirubin into the bile
passages at a normsl rate, The etiologies for this type of jaun-
dice include congenitel abnormelity (e.g., familial nonhemolytic
jaundice), chemical, infectious agents (e.g., viral hepatitis),
neoplastic disease of the liver, nutritional deficiencies, meta-
bolic disease (g,g,, hyperthyroidism), and anoxial states (g,g,,
severe anemias ).

The same suthors state that in posthepatic jaundice there is
obstruction of the biliary passages, either intra-~ or extrahepatic,
which prevents otherwise normal cells from transferring bilirubin
into the bile camaliculi. This group includes congenital abnor-
malities (e.g., bile duct atresia), caleculi, inflamation (e.g.,
cholangitis), and carcinoms (e.g.,of the head of the pancreas).l3h

Other classifications of jaundice have been suggested, such as
the one of Rich who divides jaundice into two types-«-vretention and
regurgitation~-«; however, the Ducci classification with the modifi-
cations by Miller that have been noted here will be used generally

in this thesis.



ORGANIZATION OF THESIS
The method for reviewing liver function tests in this thesis
will be to first consider each test individually. Following
this a review of autopsies from the University of Nebraska
College of Medicine Department of Pathology will be presented
in an attempt to correlate results of some liver function tests
with hepatobiliary findings st autopsy. Then there will be a
chapter on the value and use of liver function tests in general;
and finally there will be chapters on recent and current work in

the field and a summary.



ALKALINE PHOSPHATASE

INTRODUCTION
Though the source of alkaline phosphatase is uncertain and
the reasons for 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 classical method

of Bodansky and that of King and Armstrong.

METHODS

The procedure used in the University of Nebraska College of
Medicine laboratory is a modification of the Bodansky method, The
test consis¥s of determining the amount of phosphorus liberated by
serum alkaline phosphatase from a buffered substrate--sodium gly-
cerophosphate-- 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 Whatmen number 42 filter paper, addition of molybdate-
sulfuric reagent, and the use of elon solution., Readings sre made
on a Coleman Junior spectrophotometer st a wavelength of 700 milli-
microns, and, after correcting for the dilution factor, snswers in

mgm. per 100 ml, of serum for phosphatase and phosphate ion are



obtained. By substracting the latter from the former, one cal-
culates the units of alkaline phosphatase activity in the serum--
s unit of phosphatase activity being defined as equivalent to 1
mgm., of phosphorus liberated from the substrate as phosphste 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
in children. The test takes approximately three hours to run.z13

The classical development of this test began with two separate
formulations of methods to determine serum slkaline phosphatase
activity. Bodansky’s method was similar to the one described a-
bove except that greater quantities of 8ll materials were used,
the pH was 8.6, and the measurements were made on a colorimeter
rather than on the yet-to~be-developed sPectrophotometeralO

King snd Armstrong developed thelr test using disodium phenyl=-
phosphate as the substrate at a pH 9.0 with the incubation at 37.5°C.
for 30 minutes., The alkaline éhosphatase activity was determined
by the amount of phenol liberated from the substrate. They deter-
mined their normal range to be 3.0 to 13.0 units per 100 ml.92

Seligmen and associates saw in Bodansky’s method the disad-
vantage of requiring two controls for esch determination in order
to sccount for the spontaneous hydrolysis of the substrate and the
serum inorganic phosphate present before incubation. Therefore
his group used sodium B-naphthyl phosphate as the substrate.182

Phenolphthalein phosphate has also been recommended aftsthe sub-

strate.

-8



King end sssocistes determined s micro method for infents
which requires only 0.1 cc. of serum. Intermediste steps Include
sddition of molybdate, stsnnous chloride, and 7 per cent trichlor-
oascetic acid. Messurements sre made with a photoelectric color-
imeter. Essentizlly, this method is similar to the one used in
Nebraska's laboratory.9

Pecently, Schwartz snd associates have suggested sn sutome-
ted method using sodium phenylphosphate as the substrate in place
of the manuzl procedure utilizing sodium B-glycercphosphate. A
faetor, 0.30, has been estsblished which permits the conversion
of units from the automsted King-Armstrong to the manusl Bodsnsky
method. The authors point out the adventages of their method are

speed and grester sccuracy in serum with high concentration of

180
alkaline phosphatase,

THEORTES OF PHOSPHATASE ACTIVITY

The main source of slkaline phosphstase under normsl condi-

134

tions appeers to be osteoblastic zctivity. It is zlso probzbly

formed by intestinsl mucoss and possibly by the 1iver.159

The mechesnisms responsible for the increase in serum alkaline

phosphatase in hepatobiliary disesse are poorly understood. The

A

"retention theory"” sought to explein the increase due to & reduc-

tion in enzyme excretion because of either hepatocellulasr failure
or biliary obstruction,’® This theory was regected by Csntarow
snd Nelson who pointed out its inconsistencies in portsl cirrho-
sis and congenital biliary atresia.16 Another theory is that the



apparent incresse is due to the presence in serum of g catalytic
sgent thet enhances enzyme activity.67 A third theory proposes
that the incressed production of the enzyme is in bone because of
the development of osteomalacia secondary to the steatorrhea and
vitemin D loss that occur in obsgtructive jsundice.

Herrison notes that the most convineing case can be made for
the theory that the increase in alkaline phosphatase ig due to
overproduction of the enzyme by the liver in response to such di-
verse stimuli a8 hepetocellular injury, increased intraductile
pressure, Inflsmmstory disease of the ducts, end expanding lesions
compressing psrenchyms znd ductsalz’ 160 The two most impressive
works of supporting evidence, according to Herris n, are (1) that
ligation of the pedicle ~f » single lobe of the liver razises the
serum slksline ph-sphatsse level without producing jaundice, an
effect thet is prevented by exciéing the lobe st the time of ligs-
tion, snd (2) thet crestion of an externel bilisry fistule results
in 2n incresse in alkeline 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 jsun-

dice, 1 The issue remains unsettled.

USE IN DIAGNOSIS OF LIVER DISEASE
Traditionally, the chief usefulness of the serum alksline

phosphatase determination has been as =n 2id in the disgnosis of

- 10 -



extrahepatic biliary tract obstructiona5
Franklin and associates noted that elevetion 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 generslly related to liver cell dam-
age. Flevetion sbove 10 Bodensky units wzs noted primsrily in
surgicel”, or extrahepatic obstructive, jaundice.hh
Popper notes that "very high” vslues sre found in conditions
of cholestasis (both extrshepstic =nd intrshepatic), cholangioli-
tic ("xanthomstous"”) cirrh-sis, end primery hepatic carcinoma,
Lower, but definitely elevsted, values were noted in hepstitis,
cirrhosis, metastetlic carcinoms, biliary fistula, and hepstic tu-
berculosis. The test is often normel in acute hepatitis snd fatty
metamorphosis of the liver.159
Ulevitch snd associastes found that the serum alkaline phos-
phatase concentration was a more sensitive indicator of incowmplete
biliary obstruction than was the serum bilirubin ‘leveL210
Sherlock, using the King-Armstrong method, found inconsistent
rises in =2lkaline phosphatase in acute hepatitis and cirrhosis. He
obgerved that in obstructive jaundice the phogphstase level usual-
ly rose progressively at en eerly stage and did not reflect the
secondary changes cceuring in the 1iver6187
Cleve =2nd sssocistes noted & rise in slkeline phosphatase

activity in 8 smell series -f cases ~f hepatic tuberculosis.zl

- 11 -



Repoport observed considersble incresse of phosphatazse in 13
cases of children with infectious hepetitis during the early part

of the disease.168

However, the phosphatase is normally elevated
in children and this mey have had some bearing on his results.

The use of the phosphetase determination in the disgnosis of
hepatic metastases haeg been extensively studied. This determin-
ation is s most important one in the decision of whether or not
to subject a patient to & radical surgical procedure in an sttempt
to fully eradicate a2 m=lignant conditi'n.61 Shey and Siplet re-
ported a8 high incidence of hepetic metasteses in pastients with 2n
elevated alkeline phosphatsse, especially if accompsnied by sn el-
evated Bromsulphalein retention =nd a2 ncrmsl serum bilirubin.
Rerely, gallstone disease msy produce similar lsborstory findings.
Grenulomatous lesions of the liver prcduce similsr results but
they often slter one or more of the flocculstion tests,186

Mendelsohn and Bodensky studied 16C nonicteric cancer patients,
99 of whom had proven liver metastzses. They concluded that the
serum alkaline phosphatezse was the liver function test of choice in
the diagnosis of metestetic liver disesse st =z time when the con-
dition wes not advanced, although some correlation was noted with
the Bromsulphalein, serum bilirubin, and cephslin-cholesterol
flocculation tests. Mbout 90 per cent of the cases with advenced
liver wetastases hed elevated serum alkaline phosphatsse values

sbove the highest control which wes 5.4 Bodensky \mits.l33

In the disgnosis of primery carcomone of the liver, Creene

- 17 -



snd Schiff hsve recently presented three signs snd symptoms in-
dicetive of the possibility of this conditi n. First is the ap-
pearance of dull, progressive right upper abdominal pein over an
enlarging, firm, ususlly nodular liver. Second is a pre-existing
postnecrotic or posthepatic cirrhosis (which of itself should tend
to exclude metastatic tumor). And third is sn elevation of the

serum slkaline phosphstase above 7.2 Bodangky utn:li:s.s8

NON-HEPATOBTLIARY CAUSES OF ABNORMAL TEST RESULTS

Among the nonhepstobilisry cauges of elevated serum alk-line
phosphatase sre childhrod, due to the incressed osteoblestic ac-
tivity sccompanying ncrmsl gr-wth; and b .ne diseases sssociated
with sbnormal incresses in osteoblastic activity, including cer-
cincms metssteses, hyperparsthyroidism, and Pnget's disesse cf
bone.159 Congestive hesrt fzilure, especially when sssociated with
suriculsr fibrillsti n, csuses s mild elevation presumably due to
pessive congestion f the 1iver.hl

The enzyme level is alsc elevated following the ingestion ~f

fat 2nd is lowered in fasting states.zoh There is also an elevé-

tion of the enzyme in Goucher’s disease.159 Cne report has sta-

ted that there is @ very slight incresge in the serum slksline
phosphatase with age up to the sge of 60,183

Inconsistent test results should also lead to & careful check

for the error in imperfect reasgents or some slteration in the con-
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ditions of time, temperature, or pH of the methcd.

CONCLUSION

One msy conclude that the serum szlkaline phosphatase is a
valuable test to perform when extrahepatic biliary obstruction
ie belng considered., The test is slso useful when sttempting
to discover the presence or absgence of Liver metasteses in g
patient with a2 mslignancy. The test is of much less value in
determining the presence and extent of hepatocellular disease
such as cirrhosis, or hepatitis.229 The elevetion of the enzyme

activity in children, bone disease, znd following fatty meals

must always be kept in mind.

- 1k <



SERUM AND URINE BILIRUBIN

INTRODUCT ION
The detection of increased amounts of serum bilirubin or

the presence of bilirubinuriaz is often helpful in the diagnosis
of hepatobiliary disease, However, the value of these tests---
especially the partition messurements of serum bilirubin--is
widely questioned by mesny suthorities. Therefore, these tests--
which seem simple and strsightforwerd--require careful study and
understanding in order for one to gein the most from the lsbor-

atory values cbtasined.

METHOD

The serum bilirubin determination at the University of Ne-
braskas College of Medicine laboratory is done utilizing the Cole-
man Junior spectrophotometer. A diluted serum mixture is pre-
pered by adding 9 ml. of distilled wster to 1 ml. of serum. TFive
ml., of this mixture 1s used ss s blank after 1 ml. of bilirubin
blank solution (hydrochloric acid and weter) is =dded. This
blank is placed in the spectrophotometer snd the mschine is =d-
Jjusted to 100 per cent transmission at & wsvelength ~f 535 milli-
microns., The oOther 5 ml. of the serum-distilled water mixture is
combined with 1 ml. of Diazo reagemt, (sulfanilic acid, hydrochlor-

ic aecid, water, and sodium nitrite) mixed well, and read im the

- 15 =



spectrophotometer sgainst 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. Tmmedistely after
this reading is taken, 6 ml. of absolute methyl slcohol is edded
to both the blank end the unknown, and mixed. After standing for
15 minutes, both tubes sre read as before on the spectrophotometer
to give the totegl serum bilirubin., Both the direct and totsl serum
bilirubin are reported in mgm. per 100 ml., with the normsl direct
serum bilirubin being less thsn 0.25 mgm. per 100 ml., and the nor-
mal total serum bilirubin being less thsn 1.2 mgm. per 100 ml. The
test takes spproximetely an hour to run0213
The urine bilirubin is determined by employing an Ictotes{gD
made by Ames Compsny, Inc. The tablet impsrts a blue to purple
color to the urine, which is on 8 cellulose-asbestos test mst, 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 resgent without the use of alcohol, and thereby or-
iginated the direct, or aqueous, diazo reaction;38

Malloy and 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
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bilirubin at the University of Nebraska. The msjor variation
from this work presently employed is, of course, the use of the
spectrophotometer in place of the photoelectric colorimeterel22

The currently used method for determination of the direct-
acting serum bilirubin was introduced in 1945 by Dueci and
Watson.3

Recently, a test consisting of direct spectrophotometry with-
out addition of chemicals using the Colemen Junior spectrophotome-
ter has been studied in 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 slmpler, more
rapid, snd may be more sccurate thsn the Evelyn-Malloy method.l88
However, they state the disadvantages of the direct measurement
method are that serum turbidity, when present, prohibits the test
from being run, and that the lower limit of semsitivity has not
yet been determined, At the present time the test is specific om-

1
1y for total serum bilirubin in newborns.

Ih?oteség>tablets were reported by Sobotka and assoclates in
1953.> The tablets eontain 0.2 mgm. of p-nitrcbenzenediszonium
p-toluenesulfonste, 100 mgm. of sulfosalicylic ecid, 10-20 mgm. of
sodium bicarbonate, and 15-25 mgm. of boric acid. This mixture is
sufficiently acid to neutralize the most slkaline urines., The

test consists of placing five drops of urine on g8 cellulose-asbestos

-17 -



test mst which asbsorbs any bilirubin on its surface. A tablet
is placed on the spot of urine snd moistened with two drops of
water to bring the diazo reagent into contasct with the urine.
The presence of bilirubin is recognized by & blue to purple
color which is read at 30 secoids.191

Franke, in 1931, proposed a methylene blue test for deter-
mination of urine ‘Dil:l.1"1:1‘!3111.1,'2 However, this test was not found
to be accurate by Stokes and associates.203

A photelometric method for determining bilirubinuria was
presented in 19&-0.55

In 1946, Watson and Hawkinson described a barium-strip mod-
ification of Harrison’s test for urine bilirubin. This test con-
sisted of using a barium impregnated strip of filter paper snd
reacting this with urine and Fouchet's resgent (trichloroacetic
acid and ferric chloride) which was used in the originsl Harri-

N
son test.22 The Harrison spot test is felt to be superior to

the methylene blue determinstion of bilirubinuria.lu3
In 1948, a spectrophotometric method for determination of
urine bilirubin was introduced,209 as was a means for gquantita-
tive determimstion of bilirubinuris.’’
The presence of urine bile salts may be crudely determined
by shaking the urine snd observing for a greenish-yellow foam

kwhich is indicative of the presence of bile salts in the urine.l3u

- 18 -



MECHANISM OF BILIRUBIN EXCRETION

Bilirubin is formed from the breskdown of hemoglobin in the
reticulo-endothelisl system. Other products of this breskdown
sre 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 sbsorbed into the liver end converted to biliru-
bin glucuronide which is excreted via the bile into the intestin-
al tract. Here the bilirubin glucuronide 1s reduced by bacteris
into urobilinogen which is excreted in the feces and, to a lesser
degree, in the kidneys by weans of the enterohepstic circulation.l

Bilirubin exists in the serum in three forms, as free bili-
rubin and as the mono- and diglucuronide compoiuads. All three
are believed to be be loosely bound to albumin. The glucuronide
esters are water soluble, react promptly with the diszo reagent
in the absence of alcohol, and are believed to be the direct-

acting compounds.l3u

They are thought to have passed through he-
patic cells or Kupffer cells snd to have pesssed directly to the
blood or to have been regurgitated into the blood from the bil-
159, 178

jery passages.

The indirect portion (which equsls 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

of alcochol for the reaetion. This portion, felt tc be the

free form of serum bilirubin, is believed to have not been tasken

- 19 -
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up by hepatic or Kupffer cellsal59’ 178

Thus, the direct and indirect portions of serum bilirubin
are thought to differ from each other both biologically and
chemica.lly.l59 The partition of the two is felt by many to be
of great clinical value,l59 while others feel the total serum

. by
bilirubin is the only valusble determinstion in most cases.13

Bilirubin cannot be detected by the usual techniques in
urine from normsl individusls., Therefore, s positive test for
bilirubinuria implies evidence of disease of the liver or the

extrahepatic biliary 'é‘.ys*lzelml3br

USE IN THE DIAGNOSIS OF LIVER DISEASE

The total serum bilirubin level is of diagnostic and prog-
nostic significsnce in the detection of latent jaundice and in
the recognition of fluctuations in the intensity of the jaun-
dice not apparent to the eye, according to HarriSOn.67 How-
ever, Popper and Schaffner feel that the total serum biliru-
bin has 1little diagnostic value, They feel it does not neces-
sarily reflect the degree of hepstic injury 1Iin some csses,
noting that jasundice msy be sbsent even in instances of severe
liver aamage.159

Levels above 1.4 mgm. per 100 ml. sre considered sbnormal
and sre usually sssocisted with clinical or "latent" (elin-

ically invisible) jaundice. Values sbove 2.5 mgm. per 100 ml.
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are usually required before jaundice becomes apparent in a-
dults, The jaundice is due to the affinity of elastic tis~
sue for bilirubin, thus imparting a characteristic yellow
color as the concentration exceeds a criticsl Z’Le-vel.lg)+

Cohn and Kaplan feels that serum bilirubin levels are of
no value in differentiating between acute hepatitis 2nd ob-
structive conditions since a steady increase in concentration
wmay occur in both conditions. Lsrge fluctustions in serum
bilirubin levels of jaundiced patients mey indicate either a
ball-valve type of obstruction or one associated with pro=-
cesses compressing the common bile duct and subject to exacerba-
tions and remissions.l3h

Kletskin end Drill feel that the one-minute (direct) de-
termination of serum bilirubin is of little value, They are
of the opinion that the time interval is arbitrery and is om
the ascending limb of a vasriable diphasic curve representing
the rate of azcbilirubin development in the direct van den
Bergh reaction of serum.97

Theix work 1s disagreed with scathingly by Zieve and
associates who find fault with much of the technique of the
Klatskin-Drill study snd conclude that the validity of the one~
minute determination has not been effectively refuted by the
K atskin-Drill article.ghB

Schaffner and assoclates feel that in parenchymal jaun-
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dice, the liver cells are unsble to accept all of the bilirubin,
and in obstructive jaundice they are unsble to excret it; in either
case, this results in 2 return of prompt-reacting bilirubin to the
blood stream snd the accumalation of bilirubin in the Kupffer
cells, This accumulation lmpairs bilirubin upteke and subsequent-
ly the indirect bilirubin increases.l78
In 1956, Watson discussed the comparison of bilirubin ratios
to total serum bilirubin determinations. He finds the lowest
ratios-«~the ratio is direct to total bilirubin--characteristically
in hemolytic disease and in constitutional hepstic dysfunction of
the Gilbert type. However, he finds that obstructive and hepsto-
cellular types of jaundiee occur in the same ratio range and hence
partition is of little value in differentiastion of these types of
hepatobiliary disease.222
Chapman and associates report that with the exception of di-
agnosis of hemolytic diseese, the routine use of the quantitative

fractionation of serum bilirubin does not seem justified.lg

As stated previously, the presence of detectable bilirubinuria
is an abnormsl comdition. Bilirubin is often found in the urine
one to three days prior to the omset of jaundice in viral hepati-
t1s. 177 Therefore, this test is quite valuable in studying in-

dividuals in whom the disgnosis of hepatitis is suspected. In

contrast, later in the disease, the test for urine bilirubin

- 22 -



134

becomes negative while hyperbilirubinemis is still present.
Hence, the test for bilirubinuria is quite unreliasble as an in-
dex of completeness of recovery.1h3

Hemolytic diseases, with or without jsundice, are not accom-
penied by the excretion of bilirubin in urine (“scholuric jsun-
citic'e").lysL

Bilirvbinuria is a2 common finding in hepatocellulsr and ob-
structive jaundice, Therefore, testing for urine bilirubin is
of little help in differenfiating hepatic from obstructive jsun-
dice.67

Some workers feel that the presence of bilirubinuria is di-
rectly related to the level of prompt-acting (one-minute) serum

bilirubin, 7% 221 ynjte others feel that there is no definite

418
relationshipalh3’ 2

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 mi., with the asverage 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 premsture infants, the serum bilirubin fre-
quently reaches a mwaximum concentration of 10 to 15 mgm. 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 & severe hemolytic process in a full term in-
fant are: (1) a serum bilirubin in cord blood exceeding 5 wgm. per
100 ml., and (2) a serum bilirubin exceeding 10 mgm. per 100 ml.
during the first 24 hours of life.t3*

Felder and associates reported that next to the Bromsulphalein
test, the bilirubin determination was the most sensitive of the
livey.function tests to chronic congestive heart failure. Fifty-
two per cent of 126 determinations on 76 patients showed abnor-
mally elevated serum bilirubin valuesaul Etiology, duration of
failure, and type of cardisc rhythm bore no relation to the inci-
dence of jsundice. This hyperbilirubinemia 1s believed to result
due to passive congestion of the liver with decreased clearance of

L
blood bilirubin. 1

Urine bilirubin may also be noted in cases of congestive hesrt
1
failure and in pulmonary infarcts. 59
Either test may yleld abnormal results if care snd accuracy

are not observed in the periformance of the procedures,

CONCLUSION
The determination 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 gserial 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 disesse,

The use of the urine bilirubin test should probably be in-
creased by the general physicisn. This test is ideal for office
use because of its simplicity, and It can be of great value in
the early disgnosis of hepatitis. The test is alsc of value in
the early diagnosis of obstructive jaundice. However, following
the diagnosis, this test loses much of its value due to its leck

of reliability in predicting the completeness of recovery.
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BROMSULPHALETN

INTRODUCTION
The Bromsulphelein test (BSP) is one of the most useful
gcreening 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 meny other fsctors which

mist be considered when sbnormal results sre obtsined.

METHOD

The first step in the Bromsulphalein test is to welgh the pa-
tient. The dosage of the dye at the University of Nebrssks Col-
lege of Medicine lasborstory is 5 mgm. per kg. (or 1 ml. per 22 Ib.)
of body weight., The dye, prepared by Hynson, Wescott, and Dunning
Co., 1s then injected slowly, generally into an antecubital vein.
Exactly 45 minutes later, 6 ml. of venous blood is withdrswn from
the opposite arm, with care tsken 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 prepazred by esdding 2 drops of 5 per cent
hydrochloric escid to 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 &

Coleman Junior spectwophotometer =t s wavelength of 575 millimi-
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crons with the blank being set at 100 per cent trensmission. The
results are expressed as the percentage of dye retained in the
blood after 45 minutes. The normsl result is less than 5 per
cent retention in 45 minutes, and the test takes approximately
sn hour e2nd a helf to run from the time of the initisl injectionw213
The test wss originally devised in 1925 by Rosenthal znd
White. They used = doszge of 2 mgm. per kg. (1 ml. per 55 1b.)
and withdrew the blood sample =2t 30 minutes. They also recom-
mended a2 sample st 5 minutes if early liver disesse was suspec-
ted. Their blank and unknown were prepzred as in the method des-
cribed sbove and the resding was msde colo:r?'mxe’t:r:lca1ly.1711L
Since the originsl work on this test, there hss been s con-
tinuing disegreement ss to the most favorsble dosage of the dye
to use, and the time interval to withdrsw it. Dissgreement gen-
erally has centered sround lower dye doszge and shorter time

periods for withdrswsl of the blood semple.sz’ 53, 112, 139 In

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

His work was supported by Mateerl28

and associates but there hss
been continuing discussion. However, at the present time the 5
mgm. per kg, dosage with withdrawsl of the blood sazmple at LS

67

minutes is generally sccepted,

MECHANISM OF BROMSULPHALEIN CLEARANCE
After Bromsulphalein (sodium phenoltetrabromophthalein sul-

1 . ,
fonate) 9 is injected intravenously, most ~f the dye is excreted
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into the intestinsl tresct by the liver. The rate of removal of
the dye from the blood depends on the excretory cspacity of the
liver, the patency of the bile ducts, and the hepatic blood flow.67
It has been suggested thst two separate or relsted mechesnisms
are involved in the removal of BSP from the body. The first, or
rapid mechanism, which seems to be related to reticuld-endothelial
activity, perticularly the Kupffer cells, is the removal of the
dye from the blood. The second, more grsdual, process, which is
excretion of the dye in the bile, seems to be s function of the
polygonglcells of the liver.235
More recently it hes been suggested that the slower excretion
of the BSP into bile is due to the storage of the dye in the paren-
chymel cells. There is general sgreement that re-circulstion of
the dye, if it occurs =zt =11, is not 2 significant factor in the

67

rate of dye clearance from the blood,.

MODIFICATIONS IN THE MECHANTSM

Certain prerequicsites have been established for the test. Most
laboratories require s fasting state for 10 hours prior to the
test 53 since it has been reported that the rate of BSP clearsnce
is increased postprasndially because of increased hepatic blood
flow.67

The test should not be run on 2 patient with a fever since the
Th,159

degree of retention is incressed in hyperpyrexic subjects.53r

Jrundice hes generslly been considerad a contraindicetion for
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this test.”3 1In 19L45, G-ebler introduced s photoelectric method
of BSP determinstion in icteric serum utilizing filters.h9 Me -
teer confirmed his method stating that accurate readings could be
mede within 1 per cent retention using the 5 mgm. per kg. tech-
nique.le7

Zieve calculated a nomograph which he felt sllowed him to esti-
mate BSP retention in jaundiced patients by taking their one-min-
ute and totsl serum bilirubins into account.zu?

However, continued cbjection to the BSP test in the presence
of jaundice has been noted by people who believe that increased
hepatic damsge might result znd thst the presence of regurgitsetion
Jeundice invelidetes the result. Reich 2nd D=vis concluded, how-
ever, that the test was relisble in jesundiced pstients =nd that it
csused no untowsrd reactions.17o

Objection hss been msde to the 45 minute determinetion on the
grounds that the sbsorption of BSP from the intestine may be re-
sponsible for certsin unpredicted higher blood levels which are
occasionally noted in the 45 minute determination but not in the
2C minute withdrawsl procedure.52: 112

Exercise snd stending sre twoc other factors which increase the

159

retention of BSP in the serum of normsl pstients. Consequently,
the prerequisites for the test stipulate that the pstient should
rest prior to the test and should remzin supine throughout the

procedure.
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USE IN THE DIAGNOSTS OF LIVER DISEASE

In the absence of jsundice and circulatory disturbances, the
degree of dye retention is ususlly propcrtional to the extent of
psrenchymal liver damrge, snd therefore, is a highly vslusble test
of hepstocellulsr function. In the presence of jaundiée, 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 capascity of the parenchyms 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 perallel the serum bilirubin level in
uncomplicsted obstructive jsundice but is much greater when hepsto-
cellular dsmage is present.67

A decreese in the capacity of the liver to remove BSP from
plzsma mey be ceused by one or more of the following sbnormali-
ties: (1) decreased hepatic blood flow ss in congestive heart
failure; (2) hepstocellular dsmage; and (3) bilisry obstruction, 13

The BSP test is very sensitive in the recognition of hepato-
cellulaer damage, especially in the absence of jaundice. It is
best used in screening for hepstic disesse and for the detection
of cirrhosis, carcinome metsstases, or persistent hepatocellular

damage during recovery from hepetitis or sfter relief of obstruc-

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

The BSP determination is of greatest value in defining the
status of the liver of patients considered for surgical treatment,
246
especially during bleeding.

The use of the BSP in detecting hepstic metastases has been

48,186
mentioned.l ? However, the value of the test is debatable and
the 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 sgbsence of metastatic liver disease.l33

NON-HEPATOBILIARY CAUSES OF ABNORMAL BSP RETENTION

Since the main use of the BSP is as a screening procedure for
liver function in the absence of jaundice, it is most important to
be perticularly 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 hepatobilisry system are: (1) congestive heart failure;hl
(2) fever;Th(3) exercise; 159 (4) standing;199 (5) advanced age;l”?
(6),nmla;r:la;ulF (1) shock;159 (8) gall bladder disease;l3 (9) pre-

20
maturity;lh? (10) post-operative state; 7

(11) concurrent cholecys-
tographic studies;189 (12) concurrent phenolsulfonphthalein deter-
mination;lBl (13) morphine therap\r;13 and (14) procedural errorsy32
A false positive result msy be obtained in pstients who are
receiving morphine, which increases the pressure in the biliary

ducts by causing spasm of the sphincter of Oddi.13

- 31 -



Burnett noted increassed BSP retention in a series of patients
with acute cholecystitis, but did not note similar results in
patients with gall bladder disease without acute ini‘lammation.l3

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

fever assoclated with the illness.llh

Hicks and associstes reported increassed retention of BSP in
hyperpyrexic patients. Each subject showed incressing dye reten-
tion with increasing temperature. Hicks noted that a temperature
rise of 3°F. or more appeared especially significant although
there was great individuael variation. Be concluded thet the in-
cressed retentlon was probsbly due to impaired function of the
cells of the liver rather than to changes in the hepatic circula-
tion. T*

Obrinsky and associates reported that the normsl asdult BSP
results sre not sttained in premsture infants for 3 to 6 weeks
postpartum.lh?

In a study of msny liver function tests, Felder snd associates
reported that the BSP gzve the highest percentage of sbnormasl de-
terminations in patients with congestive heart failure.ul

In 2 study of 20 patients, Tagnon and associates reported a
significant incresse in the retention of BSP postoperatively as
compared to the test results preoperatively. These results were
noted even when the operative site was such thet mechanical traums

207

could be ruled out.

BSP retention has been reported elevated when the test pro-
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ceeds cholecystographic studies utilizing bunsmiodyl, z tri-io-
dinated compound.l89 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 s delay of one day should be allowed between the
BSP and the phenolsulfonphthalein test for kidney function.l81
Mendenhall and lLeevy point out that false negatives are
sometimes due to errors in dosage. Low initial levels of the dye
mey be attributed in part to expanded extracellular fluid volume.
They felt that skeletal-muscle uptake, rensl excretion, snd ac-
celerated hepatic extraction did not appear to be significant fac-

tors in the false-negative results they studied.132

ALLERGIC REACTIONS TO BSP

C-pps 2nd Ingelfinger both mention pyrogenic reactions, some-
times associated with nsusez and vomiting, 6 to 12 hours after
the injection of the dye which lsst for 1 to 2 days. Also, they
have noted occasional mild allergic reactions azssociated with ur-
ticsria =2nd asthma. Chsmbers and Molster have reported a resction
to injection of BSP dye including dyspnea, cyanosis, loss of con-
sciousness, venous distention, tachypnes, apnea, and clonic con-
vulsion. The patient recovered following the reaction.18

Other allergic responses have been reported including one case

of an snaphylactoid response involving the skin, cardiovascular,

and gastrointestinel systems. The suthors note that BSP msy act
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as a hapten antigen, snd that precautions should be taken to treat
ansphylactoid reactions when the test is employed serially.138
Stecher hss 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 occesionslly tissue

necrosis and sloughing.

CONCLUSIONS

The Bromsulphslein test is an excellent screening test for
liver function. The conditions of the test sre precise snd must
be followed accurstely to schieve the best possible results., The
results must be evalusted in terms of the patient’s complete con-
dition since many factors casn effect the test. The test is of
minimel value in the differentisl diagnosis of jaundice, but is
an excellent one for detecting latent liver diseaze, Allergic

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

INTRODUCT ION

The cephalin-cholesterol flocculation and thymol furbidity
tests are probably the most extensively used liver function tests.
However, use does not necesserily imply uﬁderstanding; and the
test results often are ignored or misinterpreted by the physician.
These tests are non-specific,empericsl tests of serum which often
furnish clues to sbnormel serum protein compcsition and activity,
and thus, csn be helpful in the disgnosis =nd follow-up of liver

disease,

METHOD

The University of Nebrasks College of Medicine lsboratory uses
the rapid cephslin-cholesterol flocculstion determinstion util-
izing resgent prepsred by Difco, 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 1s substituted for the
positive control serum,

The solutions are mixed and read st once against & wster or
ss5line blank on & Coleman Junior spectrophotometer at 630 milli-~

mierons. Then the solutions sre incubsted for three hours et 376C.,
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centrifuged for ten minutes, snd sfter the supernatant is pipetted
off, the sediment is resd as before on the spectrophotometer.

The results are determined by multiplying 100 times the op-
ticel density in three hours over the optical density of the ini-
tisl specimen. The product of this multiplication is s percentage
figure which is converted to the ccnventional zero to four-plus
scale. Normal values are zero to two-plus. The test tskes sp-

2
proximetely four hours to run. 13

In doing the thymol turbidity test, one first filters the thy-
mol-bsrbital buffer soluticn just before using it. The buffer so-
lutisn must not be a2llowed to stend exposed to air and the stock
bottle must be kept closed. The pH of the buffer wust be T.55.

The buffer and serum sre mixed and allowed to stand for 30
minutes., A blank is prepsred with the buffer solution alone.
After 30 minutes, the two solutions are read on a Coleman Junior
spectrophotometer using & wavelength of 650 millimicrons, and then
converted to units. The normsl values are zero to five units. The

test takes sbout an hour to run.213

The original cephalin-cholesterol flocculation test was de-
veloped by F. M. Henger. The cephalin was derived from sheep
brain. The flocculation was read in a test tube by the observor
at 24, and again st 48, hours. 63

Frisch and Quilligen crested a2 modified emulsion of cephalin-
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cholesterol that did not flocculate with normel sera when exposed
to light, as did the originsl mixture of Henger‘s‘h7

Krautman developed & micro cephslin-cholesterol flocculation
test which he proposed could be done on cepillary blood. He felt
it wes useful in studying liver function in infants and other
people on whom venipuncture wauld be impossible to perform.loo

Kirschner and Glickman felt that the one-plus reaction was of
no significence in distinguishing obstruetive from nonobstructive
96

Jjeundice,

The original thymol turbidity test was originated by N. F.
Maclegan, The buffer was kept at a pH of 7.8, The turbidity was
read in a comparstor with black line on 2 white background a-
gainst the standerds established in 1926 by Kingsbury snd asso-
cistes. Maclagen felt that the test should be regarded as an in-
dicstor of disturbed liver metsbolism rather than as a function
test.117

Shenk and Hosglend modified the originsl thymol turbidity test
so that it could be resd on s spectrophotometer st 650 millimi-
crons.18h

Ducei 8lso edvocated the use of a spectrophotometer, but he

3k

suggested a wavelength of 660 millimicrons.

Probebly the grestest improvement in the thymol test was the
changing of the pH of the buffer solution from 7.8 to 7.55. This

change was the result of work done by Mateer and associates.127
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De la Huerga and Popper suggested standardization of the thy-
mol buffer reagent by using a stable alecoholic stock solution and
2 stsble buffer with hzlf concentration of thymol. They felt this
would give g uniform thymol concentration in any batch of reagent

prepsred.79

THEORIES OF CAUSES OF POSITIVE REACTIONS

The ceuses of shbnormsl flocculetion snd turbidity in the tests
being discussed are not conclusively kncwn because of the ined-
eqguscies in the knowledge of serum proteins and their electropho-
retic components. However, seversl simple--perhaps oversimpli-
fied--factors have been thought to influence the tests.

In alwmost =11 the flocculstion and turbidity tests,stabilizing
and precipiteting fzctors exist. For instence, normal humsn se-
rum precipitates the cephalin-cholesterol flocculstion reaction
if the serum is sufficiently diluted, because the stabilizing ef-
fect disappesars earlier in the dilution than the precipitating effect,

In almost a8ll of the tests, a quantitative increase in gamma-
glcbulin facilitates precipitation. In addition, qualitative
. gamme-globulin changes way favor the precipitation response.

Atbumin seems to hsve s stabilizing effect on almost sl
these tests; and here, too, qualitetive, ss well as quantitative,

changes have been implicsted.

However, some people feel that the alphe-one globulin,rsther

thsn zlbumin, is the resl stebilizing factor in many resctions.
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In some of the tests, primarily the thymol turbidity, beta-~
globulin seems to have a precipiteting effect.
In many tests, flocculation or turbidity is inhibited by a
159

depression factor which is increased in any type of cholestasis,

For the sake of simplieity, the following table is prepared.
It is s composite of the factors thought to influence the two
tests with which this chapter primarily desls,
TEST STABILIZING FACTORS  PRECIPITATING FACTORS

Cephalin-cholesterol (1)albumin(both85 137 (1)incressed gammalg6137
floceulation qualitative and globulin(perhsps
quentitative chan- quslitstive change)
ges) 8
(?2)alpha-one globulin®(?2)incressed beta-one
globulin

120
(3)z1pha-globulin{?)

Thyrol turbidity (1)slbumin(both qual- (1)loweri§§ pH of
itative a?d quan- buffer
tltative)
(2)cholestssisld9 (2)decreasing ionicl3?
strength of buffer
(3)increased fomme-
globulin
(k)increased betﬁ-
globulin?2,y10
(S)increaseg serum
1ipids

Evidently, the precipitesting factors are not identicsal in
these two tests, snd 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 sre true tests of liver function. However, these
tests azre valusble in detecting hepatocellulsr disesase,
The cephelin-cholesterol flocculation test 1s considered one
of the most useful tests for the recognition of hepatic-cell de-

159
This test is consider-

generation in hepatitis or cirrhosis.
ed more dependable in detecting cirrhosis than the thymol turbid-
ity.67 The prognosis in patients with portsl cirrhosis showing
persistently strong positive reactions is not favorable, regard-
less of apparent clinicsl improvement. A negative reaction does
not exclude the disgnosis of cirrhosis.66

The cephalin-cholesterol flocculation test often shows s pos-
itive reaction early in the course -f virsl hepatitis; however,
this is not =zlways the case since ss meny as 20 per cent of one
group of patients with viral hepatitis did not exhibit s positive
flocculation.lBu The cephalin-cholesterol floceculation test be-
comes positive earlier in the course of infectious hepatitis thsn
does the thymol turbidity, and it slso becomes negative before
the latter test. Thus it 1s a valuable diagnostic test, but is
of little value in following the course of the disease.69

The cephalin-cholesterol flocculation test is ususlly neg-
ative in bildary obstruction of short duration, fatty metamorpho-

sis, neoplasms, solitary abscesses, chronic passive congestion,

biliary cirrhosis, and cholangitic hepatitis unless there 1s con-
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current involvement of the hepatic parenchyma.13h

This test does not Indicate the extent of hepetic damsge nor

does it become positive in sll forms of cellulsr 1njury.6h

The thymol turbidity test appears perticularly useful in the
early disgnosis of virsl hepstitis, for the recognition of pro-
tracted states of hepstitis, snd for differentistion of cirrhosis
following hepstitis from other types of cirrhosis--since the thy-
mol turbidity usually is positive only in postnecrotic cirrho-
sis.67"1'59

The test is ususlly normal in uncomplicated extrshepatic and
intrshepatic cholestasis. Since the results sre expressed in u-
nits, the test is better quantitated than the results of the
cephalin~cholesterol flocculation test.l59

The thymol turbidity test has its grestest usefulness in
following the course of acute hepatitis by serial determinations,
since this test is oftex the last one to return to normal val-
ues.69’13h In infectious hepatitis, one can usually predict al-
%erations in 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 sre less strongly pogitive or normal. 0

No correlation between the severity of svmptoms in Infectiocus

hepatitis z2nd the degree of asberrstion in the thymol turbidity
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test has been found.103

The thymol turbidity is appsrently somewhaet helpful in dif-
ferentiating hepastocellular from obstructive jaundice since fhe
test is usually normal in the latter snd elevated in the former, 127
The combination of a highly elevated thymol turbidity test with a
miidly elevated slkaline phosphetase activity fevors the dlsgnosis
of hepatocellular disease; while a normal or weskly elevated thy-
mol turbidity test with s highly elevated alkaline phosphatase
activity suggests the diagnosis of biliary o‘bstruction.ll8

Since a majority of infectious hepstitis carriers have normal
thymol turbidity test results, the use of this test to "screen "
potential blood donors for the presence of the hepastitis virus is
useless, and can lesd to = false sense of security on the part of
those people collecting and administering the blood.h

For the most part, the thymol turbldity test resdings ususlly
parallel the readings of the cephalin-cholesterol flocculation

test in cases of parenchymal liver dysfunction.39

NON-HEPATOBILIARY CAUSES OF POSITIVE REACTIONS
The cephalin-cholesterol flocculation test can become pos-
itive in a nunber of non-hepatobiliary disesses, The test is
positive in infectious mononucleosis,l59 usuelly during the second
and third weeks of the disease.8h Brown and assoclates feel that
true hepatitis occurs in a significant proportion of all cases

of infectious mononucleosis.ll
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The test is also positive infrequently in a number of inflam-

159

matory diseases with elevated levels of gamma-globulin. These

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

leprosy, and lymphogranuloms venereum.lSh
The test can also give sbnormsl results due to lasboratory

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

to protect the resgents from bright light, either natursl or

142
artificial.

The thymol turbidity results can be elevated in hyperlipemic
states,67 collagen diseases (especislly rheumstoid sarthritis),
gastrointestinael disorders, inflammestory diseases with elevated
gamme -globulin, infectious mononucleosis, kala-azar, meleris, and

159

other tropicsl disesses.

OTHER FLOCCULATION AND TURBIDITY TESTS
The flocculation and turbidity tests have been grouped into

three main families by Msclegen and associates. The first group
are those tests which msy be regarded primarily as modificetions
of the classical salting-out procedures, such as the smmonium
sulfate test., The second group are those tests in which the for-
mation of a metsllic complex is the probasble fundamentsl mechan-
ism, such as the colloidal gold and zinec sulfate tests, The third
group are those tests in which complex formation of & more compli-

cated nature is concermed, probably involving a protein-protein
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linkage.lgl

Among the countless flocculation and turbidity tests beside
the cephalin-cholesterol flocculetion and thymol turbidity tests

155
are the colloidal red,3h’35 gamma-globulin turbidity, 2 cadmium

turbiaity, 2 zinc sulfate turbiaity, 0> 85,11

? colloidal gold,
A 120 8
Tskata-Ara, and magnesium chloride tests,
The mechanisms of these tests are no better understood thsan
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 chspter,

CONCLUSION

The flocculation and turbidity tests sre 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 ceses of hepstocellular diseasse, primerily 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, Tn
this way, more then one area of serum protein derangement is tes-~
ted for, and the results of the two tests together give s some-
what more sccurate picture of certein hepatocellular conditions,

These tests, especially the thymol turbidity, are of use in
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following the convalescence of s patlient with infectious hepsti~
tis.

The meny 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 ss specifically representing

hepatoecellulsr pathology.
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SERUM PROTEINS

INTRODUCTION
Alterstions in serum proteins often point toward diseases
of the liver. However, the tests of serum proteins are non-
specific and varisble. The advent of electrophoresis hes brought
gbout an entirely new concept in serum proteins, nemely, the frac-
tionation of the protein into its msny components, rather than

the simple albumin-globulin separation previously done.

METHOD

Serum proteins msy 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 slbumin which re-
meins in solution after the globulins asre precipitated, ususlly
by full saturation with smmonium sulfate. Efforts to refine this
technique so that the various globulins may be separated from
each other have been disappointing.59

Another salting out method is that of Howe, which utilizes
sodium.sulfate 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 disesse states has been

done utilizing the Howe technique,77r781150
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A third saltimg out procedure which has had only sporadic
use is the potassium phosphate method of Butler and Montgomery.
This method has the sdvantage that the pH can be well defined and
maintained, except in great dilutions, over a wide range of ionic
strength.59

The second technigque is the use of water-miscible organic
precipitants at low ionic strength and low temperature. Ethanol
has been used;gLL although methanol is more commonly em;ployed.151
The methanol technique 1s relatively simple and gives results
for albumin and totasl 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 prinecipal limitetions of this method
are: (1) sepsration 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 sbnormal sera, such as
lipemic sera, sbnormal proteins, and lack of sufficient concen-
tration of some proteins of diagnostic importance.59 However,
despite these limitations, the electrophoretic method has proved

an invalusble aid in analysis and purification206

135,155

of serum pro-

teins.
The fourth technique involves the use of the ultracentri-

fuge. This method, however, has proved disasppointing 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 size of purified particles and in
testing the homogeneity of fractions obtained by other prepsrative
methods,59

The fifth technique is the use of immunochemical methods.
This technique finds its greastest 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,”’

The object of electrophoresis is to demonstrate the presence
of constituents which have different mobjlities and to measure the
relative concentrations of these constituents. The conditions of
pH and salt concentration influence the results, and they have to
be specified.l25

In the boundary method of electrophoresis, there is one boun-
dary between the protein solution snd the supernatsnt 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 differ-
ent speeds.

The protein components are determined by the change of refrsc-

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 calculasted from the relative proportions of these asreas; and,
if the totsl concentration of protein in serum hss been determined,
the absolute concentrations of these fractions can be calculated.l25

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. i

Dole and Braun determined the following normel values for
electrophoresis using a sodium veronal buffer (diethyl barbituric
acid and sodium diethyl barbiturate) st pH of 8.6; albumin, k. Ok
gm. per 100 cec.; slpha-one globulin, 0.31 gm. per 100 cc.; alpha-
two globulin, 0.48 gm. per 100 cc.; beta globulin, 0.81 gm, per
100 cc.; fibrinogen, O.3% gm. per 100 ce,; and gemma globulin,
0.74% gm. per 100 cc. The albumin globulin ratio was 1.53.31

Hoch felt thst the diethylbarbiturate buffer of pH sbout 8.5
and ionic strength 0.1 was best suited for electrophoretic analy-
sis of humen sera becsuse 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 diethylbarbituraste buffer, and he found that this

replacement could be accomplished with good results.76

Kunkel and Tiselius, in 1751, introduced the method of elec-
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trophoresis on filter paper. They felt that the greatest advan-
tsge of the paper method over that in free solution lay in the
fact thet actual separation of the protein components was accom-
plished.los’la6

Meckay and sssociates felt thst the results with psper elec-
trophoresis compared well with anslysis of duplicate samples by
the Tiselius boundary method, except with certain abnormal sera,
such as those of high lipid conten‘t.ll5

Smithies presented s method of zone electrophoresis in starch
gels using a borate buffer with a period of electrophoresis of
six hours. As little as 0.02 ml. of sample could be used.lgo

Recently, two methods of electrophoresls using combined agar

gel-papeéﬂghd cysnogum ge173 have been presented,

The University of Nebreska laboratory uses the paper electro-
phoresis method with the Spinco Model R system. The buffer so-
lution is veronal at 2 pH of 8.6, The time of electrophoresis is
16 hours snd the total test takes sbout 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 srea under the individual
peaks can be determineda213

In discussing this method, Stephenscon and Snoddy note thst

the glbumin migrates fastest toward the anode, followed by the

alphs-one and alpha-two globulins, and then the beta globulins.
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The garmms globulins migrate toward the cathode. Their normsl val-
'ues are: albumin, 60 per cent (of total serum protein); slphs-one
globulin, 4 per cent; alpha-two globulin, 8 per cent; beta glo-

bulin, 12 per cent; and gamma globulin, 16 per cent.2Ol

The chemical method for determination of totsl serum protein
and albumin globulin fractionation used at the University of Ne-
braska is a spectrophotometric modification of the biuret method.
Diluted serum, biuret resgent (sodium hydroxide end copper sul-
fat.e),gofglL ether, Aerosol, and sodium sulfate are combined in
various mixtures to meske s total protein unknown, an albumin un-
known, a blank, and a protein standard. These tubes are mixed and
allowed to stend for 30 minutes, and are then read within an hour
on a Coleman Junior spectrophotometer at s 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
to 4 gm. per 100 ml. for the albumin.213

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
albumin from the total serum protein.93’9h

levin and Brauer have used smmonium hydroxide in plece of
sodium hydroxide in their biuret reagent.llO

Various other methods have utilized sodivm sulfite instead of

sodium sulfate.15’235
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The Kjeldshl method wss conceived by Johesn Kjeldahl in 1883,
and has passed through msny modifications since then.21h

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 persulfate, assist in the di-
gestion of organic compounds without destroying any of the ammonia
formed. Metallic catalysts, such as mercury, act ss accelerators
to the process, The ammonia formed can be determined by macro or
micro-titration, or by micro-gasometric measurement,75 in sddition
to the traditional distillation or nesslerization principles.159

Kingsley and Machella, in studying differences between albumin
and globulin determinations by the biuret snd Kjeldahl methods
considered three factors which might infiuence the varistion in
results between the two methods. The difference might be due to
(i) & change in nitrogen concentration, (2) a change in number or
reasctivity of biuret linkeges, (3) a change in response to salting
out with sodium sulfate, or (4) = combinstion of the factors men-
tioned. They felt the most likely explenation ianvolved the first

factor noted, or perhsps a combination of the first two factors.95

Many other methods for measuring plasma proteins have been in-
troduced, including the refractivity measurement of a drop of

20
serum, > photometric determination ot gamma globulin,l?sinfrared
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analysis of serum proteins, quantitative immunochemical

method for determining serum snd cerebrospinsl fluid proteins,sh

density gradient electrophoresis,25 a modified biuret reaction,228

and flotstion of serum in copper sulfate solution.159

THEORIES OF SERUM PROTEIN METABOLISM

Historically, the serum proteins have been divided into two
major fractions. Albuming are soluble in water, and are precip-
jtated from solution by saturation with sslts 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 sbout half saturation of such salts as ammonivm sul-
fate and sodium sulfate. However, these classic properties of al-
bumin and globulin are not completely valid today because of the
greater knowledge of proteins.lzg

Since serum albumin is formed only by the hepastic cells, re-
duction of serum albumin is an indication of deranged hepatocel-
lular function, if the other fsctors such as nutrition or urinary
protein loss are taken into a.ccount.l59 Albumin makes up 75 to
80 per cent of plasma total osmotic pressure, which is important
in plesma volume and tissue fluid pressure. Albumin also functions
in tissue nutrition, as s buffer end transport vehicle for ions,
and a8 s carrier system for s number of substsnces such as bili-
rubin, sulfonamides, penicillin, and progesterone.129

Alpha and beta globulins are bellieved to be lsrgely synthe-
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sized by the 11ver.129

Gamma globulin may be partly synthesized by the liver, the

129

major portion being attributed to plasma cells™““and the reticulo-

endothelial system throughout the body.86 The elevation of gamms
globulin in hepstic disorders can be related to three factors:

(1) stimulation of hepatic mesenchymal cells; (2) infiltrstion by
plasma cells and reticuloendothelial cells; znd (3) excess forma-
tion outside the liver caused by stimulstion of extrahepatic me-
senchyma, or by utilization for gammes 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-

1
ciprocal behavior of serum albumin and gemma globulin. 59

USE IN THE DIAGNOSIS OF LIVER DISEASE

In hepstocellulsr disease there is a tendency for the serum
albumin level to fall., Ususlly 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 that low
concentrations of albumin are more common in chronic than in a-
cute liver disease.67

The serum albumin level is of little help in the differentisl
diagnosig of jsundice, since it mey be equs=lly reduced in both
obstructive jaundice and hepatitis. Tts msin value lies in the
follow~up of therspy, especislly in cirrhosis, where improvement
in serum albumin level is the best sign of successful medical
treatment.zg’lsg
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Prognosis as to dAuration of life in patients with cirrhosis
becomes increasingly grave as the level of serum albumin decreases.
The level of serum slbumin is significantly lower in patients with
ascites than in those without ascites; snd diuresis is associated

with a2 rise in serum albumin.lél

The serum globulin level tends to rise in both acute and
chronic hepatocellular disesse. Usually this is because of an in-
crease in gamms globulin, but occasionally the elpha and bets frac-
tions 21so are increased.6v

In obstructive jaundice, the beta globulins tend to rise and
may be accompanied by hypergammaglobulinemia if the obstruction
is complicated by infection or hepatocellular injury. ﬁ

Since the reticuloendothelial system is thought to be the
source of gamma globulin, it is reasonable to suppose that the hy-
pergammaglobulinemia of liver dlsease is due to oversctivity of
the Kupffer cells related to inflammatory, degenerative, or regen-
erative processes.67

Elevation of gamma globulin is probably the most frequently
encountered abnormal result obtailned in eny of the hepatic tests.
Because of the incidence of slight elevations in apparently
healthy people and greater elevations in many diseases, the diag-
nostic vslue of elevated serum gamms globulin is small.159

Significant increases in bets globulin have been observed in

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

Usually the total serum protein is low or normal in hepsto-
cellulsr disease, However, rarely, hypergammeglobulinemis mey be
so marked that hyperproteinemia results. This is seen particulsr-
ly in the chronic form of viral hepatitis and in posthepatic

67
cirrhosis.

The practical value of the determinstion of the total serum
protein in disesses of the liver is in apprecisting the state of
nutrition. It is of particular value in preoperative mansgement.
The serum protein level is not a relisble index of the protein
stores, although low levels generally indicate reduced protein
depots.159

In a study by Popper and associstes, the total serum protein
level shows a2 wide spread in the various hepatobiliary disesses.
The mesans hardly differ from the normsl, the albumin depression
belng compensated for to various degrees by elevation of globu-

153

lins.

The importance of 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 snd globulin concentrations vary independently and that
eéch has its own significence.

Rafsky and associates note that in zcute, as well as in some
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instances of chronic, hepatitis, the protein partiticn and albumin
globulin ratio as determined chemically yields apparently normsl
values, in marked contrast to the results obtained by electrophor-
etic an2lysis. The inadequacy of routinely employed chemical me-
thods is also apparent in cirrhosis and metastatic carcinoma of
the 1iver.167 However, Franklin and sssociastes advocate that the
routine use of plasma electrophoresis for the study of protein
alterations in hepatic diseases not be done.u3 Popper and asso-
ciates note that slthough quantitatively differing markedly, the
albumin globulln ratio as determined by electrophoresis asnd the
chemical method of Howe do not differ much in the diagnostic evsl-
uvation of hepatobilisry diseases. In fzct, the Howe method, al-
though not measuring pure protelin entities, is superior in dif-

153

ferentiating obstructive jsundice from cirrhosis,

NON-HEPATOBILTARY CAUSES OF ABNORMAL SERUM PROTEINS

Serum salbumin mey b= incressed 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.l29 The albumin does not change

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

28

phosphorus.,



Alphe globulin increases in association with trauma, burns,
nephrosis, disbetes mellitus, collagen vascular disesses, occasion-

al hyperthyroid ststes, mslignancies, leukemia, and occasional

cases of multiple myeloma.129

Alpha globulin is decreased in occasional cases of hypothy-

, 1

roidism, 29
Beta globulin increases in states of hyperlipemia, hypothy-

roldism, diabetes mellitus, collagen vascular disease, some cases

of multiple myeloms, and pregnancy. 129

A decrease in beta globulin is rarely seen. Occasionally there

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

Gamma globulin is increased in chronic inflasmmstory states,
and in associstion with collagen diseases, tuberculosis, myeloma,

sarcoidosis, kela-azer, carcinoms snd Hodgkin's disesse (irregu-

159 129

larly), and acute and chronic nephritis.

Totel serum gldbuliﬁ and globulin frections increase linesrly
28

with age and decreesse as weight increases,

Total serum proteins are decreased due to bed rest, pregnsncy

atter the 22 week (due to drop in albumin level alone), end in-

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

146

have a somewhat higher total serum protein level than adults,

The possibility of laboratory error mist always be considered
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when zn unsuspected result in serum protein measurement is ob-

tained.

CONCLUSIONS

The measurement of the serum proteins snd the chemical par-
tition of them into slbumin end 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 abnormsl results,

The routine use of electrophoresis is both time-consuming and
expensive, and generally does not aid the general physician to a
greater degree than the chemical partition methods.

The traditional slbumin/globulin ratio is entirely unrelisble
unless one knows the absolute values for the two fractiocns, be-
cause it is the change in both fraetions that is important, not

the relationship of the two to each other.
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PROTHROMBIN TIME

INTRODUCTION
Theoretically, the prothrombin time should be an excellent
test for liver function. Prothrombin is formed by hepatic cells,
consequently, demsge to these cells should result in a prolongation
of the prothrombin 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 Nebrasks College of Medicine laboratory
method for the determination of prothrombin time involves the use
of Simplastid~-~a thromboplestin extract, which contains cslcium
and sodium chloride,~-g0 that by merely adding distilled water
one has a solution conteining the optimsl smounts of both throm-
boplastin and calcium chloride.

Both plasma and Simplasthgaare incubated st 370C¢, and then
the plasma is added to the Simplasti and the time for a clot to
form is determined. The test is reported in seconds and is com-
pared to 8 control. The asverasge control is 12 to 15 seconds.
Normally the control and the test plasma clots should be formed
in equal or almost equsl time. The test requires approximately

213

10 to 15 minutes to run.

The one-stage prothrombin time wes developed by Quick in 1938.
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It consists of sdding oxslsted plasms to thromboplastin, then add-
ing celcium chloride and determining the length of time for s clot
to form. A control is slways ran and results reported as a ratio.
HRe 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
been conbined as Simplastil 164

Kato reported a micro-prothronbin 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 jl: 2
seconds by this method.88

The twoe=stage prothrombin test was developed by Warner and
associates and consists of defibrinating oxalated plasma by the
addition of purified thrombin., After incubation, the plasma 1is
diluted serially with caleium chloride, thromboplastin, and a=-
cacla, after which fibrinogen is added and the clotting time is
recorded. The results are then calculated in terms of unitary

prothrombin.zl7

In this method the prothrombin is first converted

to thrombin end the thrormbin is then titrested. Though this is a

more difficult method, the results sre considered more zaccu:ra‘t:e.1 2332
Another two~stage method of prothrombin determinstion util-

izing imidazole buffer has been reported.82
Because of its speed snd simplicity snd the fact that it is an

accurate reflection of plssma prothrombin when compared with the

two~stage method, the one-stage prothrombin determinstion of Quick
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6
is generally used.l9

THEQRY OF PROTHROMBIN PRODUCTION

Prothrombin is formed by hepatic celislsgand 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-~
thrombin in the serum; (2) the thrombin formed during and after
coagulation which has not been absorbed by fibrin or neutralized
by the natural antithrombin; (3) the serum "accelerator effect'
and (4) the concentration of lsbile factor (factor V) not acti-
vated during coagulation.196

Of these four factors, thrombin is neutralized by the natural
antithrombin~-which is believed to be closely associated with al-
buminl§3if sufficient incubation time is sllowed. The concentra-
tion of labile factor also can be disregarded. Thus, the pro-
thrombin time appears wost affected by the concentratioﬁ of re-
sidual prothrombin snd the accelerator effect of the serum.232
With this in mind, "prothrombin sctivity" rather than “"prothrombin
concentration" is the most accurate description of the velue being
measured by the prothronmbin time.l96

Beside prothrombin, fector VII, Ac globulin (factor V), and

fector X (Stusrt-Prower factor) =zre formca by hepstic cells and
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159 Since the conver-~

234

are reduced in hepatocellulsr degenerstion.
sion of prothrombin to thrombin requires these three factors,
an sbsence of any or gll of them will also result in a prolonged
prothrombin time., Likewise, since the prothrombin test is measured
by the formation of & clot, = depletion of fibrinogen in the plas=-
ma also results in s prolongation of the plassma prothrombin time
since the formation of fibrin is inhibited.232

This lack of specificity in the plssma prothrombin test can
be an advantage in testing for cosgulation pre-operatively. Since
most of the elements affecting the test results sre hepstocellulsr
in origin, the same processes interfering with prothrombin for-
mation will interfere with the formetion of the other comjpoma'n‘t'51.5‘9

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

in mind.

USE IN DIAGNOSIS OF LIVER DISEASE

As stated previously, the prothrombin time should be an ideal
method for the evalustion of hepstocellular function. However,
the results sre inconsistent since any hepatobiliary disesse msy
occur in association with a normal prothrombin time, Rarely,
marked liver disease may be present in a pstient with a normsl
prothrombin time; and conversely, prolonged test results sre some-~
times seen in patients with no demonstrsble hepatobilisry psthology.
The response of prothrombin asctivity to parenteral injection of

vitamin K is likewise inconsistent since the initial prothrombin
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time does not zlways reflect the state of hepatocellulsr activit%?7
Theoretically, parenteral administration of vitamin K should

correct an abnormally long prothrombin time when the defect is

due to poor sbsorption of vitamin K zs seen in biliary obstruc-

tion which prevents bile salts from reaching the intestine, On

the contrsry, vitamin K parenteral injection should csuse no in-

creased prothrombin response when hepatocellular damage is present

since the defect is in the liver cell preventing prothrombin pro-
2b9

duction in spite of vitamin X zctivity.
Therefore, liver response to vitsmin K, snd not the original

prothrombin time, is the true test of liver function.21

1A decresse
of @ prolonged prothrombin time of st least 15 per cent within 24
hours following vitemin X sdministrastion is considered evidence
of normal or only slightly damaged liver cells and hence favors

157

the diagnosis of extrshepstic biliary obstruction.

%In parenchymel disease, psrentersl sdministration of vitemin
K often results in zn immediste rise toward normel of prothrombin
time followed by a rapid drop to the original sbnormal time.
Therefore, conclusions on liver response to vitsmin K should be
based on at least 48 hours of observation following the injection
of the vitawmin, 157

Perhaps the most valusble use of the prothrombin time deter-
mination in patients with suspected liver diseasse is in following

the hemorrhagic tendency esisting in 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.16h

NON~-HEPATOBILTARY CAUSES OF ABNORMAL PROTHROMBIN TIME

The primesry non-hepatobiliary causes of hypoprothrombinemia
are (1) lack of vitamin K in the diet (z rere circumstance)?ll
(2) drug therapy such as Dicumarol or salicylates; (3) chronic
gastrointestinal disorders resulting in poor vitamin K sbsorption;

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

and
(6) the use of imperfect reagents snd masterials in performing the
test.

Hyperprothrombinemia, as determined by a reduction of the pro-
thrombin time below the normal range, has been observed in men in
cases of intrsvescular thrombosis such as in conditions of frost
bite, gangrene, or thrombosis. This hemstologic condition lasts
for extended periods of time.212

CONCLUSION

THe prothrombin time is s valuable test of bleeding tendency,
and can at times be helpfgl in the diagnosis of liver disease. If
prolonged, it msy be useful to repeat the test following parenter-

a2l administration of vitemin K in an sttempt to differentiate heps-

tocellular from extrahepstlc jaundice. However, because of its
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inconsistent clinical results, the prothrombin time should not
be regarded ss 2 test of choice in the evalustion of liver

funetion.
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SERUM TRANSAMINASES

INTRODUCTION
The most recent test of liver function that has attained
wide-spread use is the determinetion of serum transamineses--~
both the serum glutamic-oxalscetic transsminese (SGOT) snd serum
glutamic-pyruvic trensaminese (SGPT). These tests are not spe-
cific for liver disease but are quite helpful in the diagnosis

of some hepatobiliary conditions.

METHQOD

Determination of the SGOT at the University of Nebraska
College of Medicine leboratory is accomplished by using buffered
substrate prepared by Dede Reagents, Inc, This substrate is ine
cubated at 37°C., following which 0.1 ml, of serum is added and
the mixture incubated for one hour at 3?00. The mixture is then
removed from the Incubator and DPNH color developer is added and
allowed to stand for 20 minutes. Then 6,4 m., sodium hydroxide is
added and a reading made 5 to 65 minutes following this sddition.
The reading is made on 2 Coleman Junior spectrophotometer at a
wavelength of 505 millimicrons, and the units of the enzyme are
obtained from a2 calibration table.

The SGPT is determined in the same menner 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.
Normel is O to 4O units for SGOT and O to 45 units for

21
SGPT. 3

The originsl method of SGOT determination involved serum in-
cubation and peper chromatography, In 1955, a spectrophotometric
method was devised in which the transamination reaction is coupled
to the reduction of oxalacetste to mslate by reduced diphospho~
pyridine mucleoctide (DPNH), in the presence of sn excess of pur~-
ified mslic dehydrogensse. The oxidstion of DPNH, and therefore,
the transemination reation, is followed by measuring the decresse
in light zbsorption at 340 willimicrons. The determination thus

involves two reactions:
~ (scor)

(1)elphe-keto glutaraste-|-aspartate1-glutamate-oxalacetate

(malic dehydrogensse) 497
(2)oxzlacetate+DPNH+H = 1-malate+4 DPN

The ordiginal method for SGPT determination, presented in
1956, was similar to the spectrophotometric method of SGOT. The

reactions involved in shis test are:
(sGPT)
(1)slpns-keto glutarate—+1~alanine—~5>glutamate'kpyruvate

(laetic dehydrogenase
(2)pyruvate-}DPNH i S iactate + pet2*3

Here too, the spectrophotometric reading is made at a wave~

length of 340 millimicrons st room temperature.

- 68 -



In both tests, the activity 1s expressed as units per ml, of
serur per minute, One unit equals a decrease in optical den-
sity of 0,001 millimicron under the comditions deseribed,
Normsl range for the SGOT was reported originally as 9 to
32 units with a2 mean value of 19.6 units.87 Normal range for

SGPT was 5 %o 35 units with a meen of 16 units.Z3

THEORY OF INCREASED ENZYME ACTIVITY

Enzymes catalyzing different transsmination resctions hsve
been found widely distributed in animsl and human tissues, and
have been shown to chsnge in activity in some tissues during
disease.87 The sctivity of SGPT hss been found to be somewhat
greater in the liver then hzs SGOT whieh is particulasrly concen-
trated in cerdiac muscle.gh?

The wechenism for the increase in SGOT sssoclated with a-
cute cardiac wmuscle injury appears to be primsrily one of es-
cape of SGOT from necrotic cells due to an increase in the per-

145 while the me-

mezbility of the injured heart muscle cells;
¢hanism for incresse of SC#T znd SGPT during acute hepstocellular
injury involves, in addition, s metabolic and/or excretory

a?berration.22+2

USE IN THE DIAGNOSIS OF LIVER DISEASE
Elevastions of SGOT and SGPT activity sre most marked in

csses of infectious hepatitis. This rise may be as high as
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2000 to 3000 units within & week or two after the onset of the
disesse, with SGPT velues usually somewhat higher.l3h

Although the transaminase activity generslly returns to nor-
mal before the serum bilirubin does, it has been reported thet
these enzyme levels remain persistently elevated up to six months
in s definite percentage of cases of Infectious hepatitis without
¢linical evidence corrcborating prolonged convalescence.luo This
would seem o wmake the test much less velusble 25 2 means of pro-
longed observation in the recovery stage.

The correlstion between the degree of elevation of the en-
zyme activity snd the clinical severity of hepeatitis remeins s
moot point. Experimental data involving csrbon tetrachloride
poisoning of rate showed that their SGOT elevations were parsllel

238

to the smount of the poison each recelved. The height end der-
ation of increased SGOT sctivity wes proportionzl to the amount
of carbon tetrachloride sdministered zs well as to the severity

136 A

of liver-cell damsge in snother experiment on rats also.
relationship has also been reported btetween the rise in SGOT
activity in rsts and (1) the size of the virus inoculum, (2) the
blood virus titer, and (3) the degree of liver necrosis.LL8
However, in z recent article it was noted that though high
SGOT values in rets can be correlated with marked hepatocellular
demage, low or normel SGOT values cannot he used to exclude the

presence of significant hepstic necrosis.

Enzyme elevation in cases of infectious mononucleosis has
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been noted in 90 per cent of cases. The increase is moderste
(up to 350 units)l3hand transient, ususlly disappesring in less
than 3 weeks*109

Mild to moderafe elevations of SGOT 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 determinstions are reported lower
in cirrhosis then in the other two conditions, however there is
considersble overlap in the results obtailpned from pstients with
the varying conditions. The transaminase sctivity is therefore
of no value in differentiating these three coxfxdi,ticmso:ng"ehl

Baden and associates have reported that though the presence
of liver metastases cannot be ruled out by a normal SGOT deter-
mination, the presence of normal levels of both SGOT and alkaline
phosphatase are found in only 10 per cent of cases with liver
metastases,

Measurement of SGPT sctivity may be quite useful in follow-
ing patients who are receiving hepatotoxic drugs such as chlor-
promezine because it is =zn early indicstor of hepatic damage.lBh

Infants with jaundice due to "medical" causes, such as in-
spissated bile syndrome or viral hepatitis, show enzyme activity
up to 800 units within 1 week postpartum followed by a leveling
off. Infants with "surgical" jaundice due to congenital malfor-

metion of bile ducts take 4 to 6 weeks to reach an SGOT elevation

of 800 units where they also level off. Neonatal jaundice due to
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hepatic cirrhosis secondary to malformation of the biliary tract

) . C
showed variasble results from normal to levels less than 800 units<9

NON-HEPATOBILIARY CAUSES OF ABNORMAL ENZYME ACTIVITY

Normal newborn infents 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 similsr to those of 5du1t3099

Another report gives normsl 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 wp to 7
years--up to 40 units. This same report gives newborn SGPT normsl
as up to 50 units with the upper normal for adults of 30 units.ZO

Therefore, though the figures vary in different studies, it
is apparent that SGOT and SGPT values sre elevated in the neonatal
periocd and rezch normal or near-normal adult values sometime in
the first year of life,

SGOT levels slso rise sharply following myocardisl infarction?
The values range from 2 to 20 times normsl within 24 hours and re-
turn to normal range within 3 to 6 dasys following the infarction
without exception.lo8

A rough correlation has been reported between the height of
the SGOT sctivity and the size of the myocardisl infarct.107
This observation hss not been confirmed to date.

The SGOT is unaffected by angina pectoris, coronary insuf-

ficiency, heart failure, or digitalis in the absence of active
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hesrt cell damsge.
Umexpected results should always lead to a rechecking of

the reagents used snd the spectrophotometric equipment.

OTHER ENZYME TESTS USED

Lactic dehydrogenase is present in venous serum of normal
humsn adults. The measurement of this enzyme is similar to thet
of SGOT snd SGPT. The normel rsnge is 260 to 850 units with a
slight elevation noted in infants. This enzyme is characteris-
ticslly elevated following myocardial infarction.zub

Serum leucine aminopeptidase (LAP) 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.l52

The nunber of serum enzyme tests will undoubtedly continue

to increase, probably in accordsnce with the law of diminishing

returns.

CONCLUSIONS
The measurement of serum transaminase activity adds & further
tool to the diagnosis of specific liver pathology. The primary
value of this test is in the discovery of hepatitis snd the differ-
entiation of this disease from infectious mononucleosis which pro-
duces much lower elevated values. The test may slso be of use in

the differential diagnosis of jaundice in the newborn., The eleva-
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tion of these enzymes in conditions of tissue necrosis, pri-~
marily in myocardial infarction, and in children must be kept in

mind.
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UROBILINOGEN

INTRODUCTION
Urobilinogen is a pignent derived from bilirvbin which is
excreted in 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 great value in the

diagnosis of hepstobiliary disesse.

METHOD

The ssmple needed for s fecal urobilinogen determination
generally consists of a T2~hour collection of sll fecal material
excreted by the patient. At the University of Nebraska College of
Medicine laborastory the collected sample is weighed and a filtrate
prepared from it by grinding the ssmple and adding 20 per cent
ferrous sulfate, water, and 10 per cent sodium hydroxide to a
portion of 1t. A qualitastive test is run on the filtrate to de-
termine the amount of filtrete to use in the quantitative test.
Then the correct amount of filtrate is placed in a separatory
funnel and various layers are produced by the addition of petro-
leum ether and glacial acetlic acid, The final extract is pre~
pared by addition of Ehrlich’s reagent snd saturated sodium acetate
and a reading is made on a Coleman Junior spectrophotometer at a
wavelength of 565 millimicrons against a blsnk 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 2k hours. The results are reported in the following
manner: (1) total weight of feces; (2) mgm., of urobilinoggn per
100 gm. feces; snd (3) mgm. of urobilinogen per 2k hours. The
normel range is 40 to 280 mgm. of urobilinogen per 24 hours. The
test tskes spproximetely an hour end a helf to run plus seventy-
two hours to collect the sample.

Tne specimen for a urine urobilinogen determination consists
of & two-hour sample obtained from 2 to 4 p.m. A blank is pre-
pared by adding ssturated sodium acetaste to uwrine, mixing, and
then adding Ehrlich*s reagentThe unknown is prepsred by adding
Ehrlich's reagent to urine, mixing,snd 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 after mixing on a Coleman Junior spec-
trophotometer st a 565 millimicron 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 Fhriich unit in 2 hours.213

The original tests for fecal and urinary urobillnogen 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 somevwhat greater. Watson
proposed urinary urobilinogen excretions should be done on a

2h-hour urine specimen with a normsl renge of O to L mgm, per
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24 hours. His normal range for fecal urcobilinogen was 40 to 280
mgm. per 2L hoursa218
» o ...193

Another method was presented by R. Sparkmsn in 1939  “but

this was found to be inferior to Wastson's method in a study done
. 197 o . 223,230
by Stelgmann and Dyniewicz, and in other studies.

In 194k, Watson and associates presented the simple methods
for quantitetive determination of urine and fecal urobilinogen
that are now used st the University of Nebraska. The only differ-
ence was that they still employed the colorimeter since the spec-~

227
trophotometer had not yet been invented,

The use of the Wering Blendoé:>1nstead of a morter and pese
tle to grind the ssmple in the fecal urcbilinogen test has been
130

advocated,

MECHANISM FOR UROBILINOGEN EXCRETION

The urobilinogens are formed by the reduction of bilirubin
in the intestinal tract by bacterial action., The urobilinogens
are colorless but tend to oxidize in the intestinal tract to form
urcbilins which impart a brown color to the feces.67’159

A portion of the urcbilinogen is sbsorbed into the general
circulation from which much is resbsorbed by the liver (the en-
terohepatic circulation) and excreted into the intestine. However,
& small amount of urobilinogen is excréted by the kidneys.67

Urine urobilinogen actually consists of a number of pigment

precurscers, especially mesobilirubinogen and stercobilinogen.
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However, for practical clinieal purposes these elements can be con~-
sidered as a single entity since each of the components gives the
gsame reactions with most methods used in simple urinalysis.159
The fecal urcbilinogen test actually determines both urcbil-
inogen and urobilin. The urcbilin is reduced to its corresponding
urobilinogen before the totsl urobilinogen is determined.
Under normal conditions, no bilirubin is found in the urine

, 6
or the feces, though the fecal pigments are often called bile.Z

USE IN THE DIAGNOSIS OF LIVER DISEASE

Farly in the acute phase of infectious hepatitis, normal or
near-normal smounts of bilirubin are excreted into the gastroin-
testinal tract and are converted to urobilinogen, much of which
is absorbed and reaches the liver via the circulation., However,
because of parenchymal cell dysfunction, there is Iinterference
with the transfer of the urcbllinogen from blood to the bile ca-
naliculi., Therefore, the blood level of urobilinogen increases
and the kidney excretion of the pigment 1s enhanced. Later in
the course of this disease, especially if liver necrosis or dys-
function is marked, decreased amounts of bilirubin reach the gas-
trointestinal tract so that the urinary excretion mesy even fall
to normal amounts}3h On the other hand, fecal urcbilinogen is
diminished in infectious hepatitis because of reduced bile flow
into the intestine due to the impsirment of the enterohepatic

-y
f

c::i.rculaticn.J '
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Cirrhosis snd toxic hepatitis produce results similar to in-
fectious hepatitis although in some cases of cirrhosis Watson noted
an increagse in fecal urcbilinogen due to a hemolytic component?ZO

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 urcbilinogen 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 ususlly
associated with stasis}59

Serizl determinations in the presence of reduced urinsry and
fecal urobilinogen may help in differentisting calculous obstruc-
tion in which there is fluctuating excretion, from malignant cb-

198122

: . 0
struction in which there is no excretion. However, an excep-

tion to this is sometimes found in carcinoms of the Ampulla of Vater,
in which cases of intermittent urobilinogenuria are found}98

Since hepstocellular degeneration, cholestasis, and increased
blood destruction often occur simultsneously, the urcbilinogen

excretion may be difficult to interpret}59

NON~HEPATOBILIARY CAUSES OF ABNORMAL UROBILINOGEN METAROLISM
67

Hemolytic disease, with its excessive pigment production,:

results in great increase in fecal urobilinogen but little or no
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increase in urinary urobilinogen}98 However, urinary urobilino-

gen may also be markedly elevated.13h

Two possible explanstions for the increased urinary urobil-
inogen in hemolytic disease are: (1) concomitant hepatic dys-
function resulting from the accompanylng enoxias interfering with
the trensfer of urcbilinogen; or (2) the load of urobilinogen pre-
sented to the liver may exceed its maximal transfer capacity, and
with the rising blood levels, urocbilinogen is excreted by the
kidney.13h

Conditions in which the hemolytic process is generally active
in addition to hemolytic anemia include pernicious anemia, trans-
fusion reactions, leukemis, and Hodgkin's diseasel®2» 197

Urobilinogen studies are unreliable when done on patients who
are receiving antibiotic therapy which interferes with the gas-
trointestinal bacterial flora}59 This slteration in flora msy re-
sult in prevention of the conversion of bilirubin to urobilinogen
leading to sn increased excretion of bilirubin in the feces%sh’176

Urine urobilinogen is increased following scute myocardial
infarction ususlly for sbout eight dsys following the attack. It
has been postulated thet the increase is due to the impaired liver
function induced by the stress reaction of the myocardial infsrc-
tion.ho

Sulfonemide medication also results in an increased fecal

urobilinogen with some increasse also in the urinary uro’bilinog_en}9

3

No rise in fecal or urinary urcbilinoger was noted followlng
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the ingestion of cathartics, particularly phenolphthalein, or
following the intravenous injection of pectin solu.tion.l97
Porphobilinogen in the urine also reacts with Ehrlich's
reagent to give a color similar to urobilinogen; however, the lstter
colored product is chloroform-gsoluble and the former is nc:ft:.13LL
Inanition, inactivity, or s low grade infection 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 urcbil-
inogen in the urine; this is evidently dependent on the type snd
severity of the infection.219
Low values were noted by Watson in all cases of hypochromic
anemis investigeted; and slight increases were observed in half the

cases of polycythemia vera.219

Iaboratory errors may slso lead to abnormsl resul‘ts?g’ﬂ6 The
pigments are photosensitive and hence must be protected from natur-
al light.98’215
The period of maximal urobilinogen excretion has been shown
to vary between individuals and in the ssme person at various
times}hgand hence if llver disease 1is suspected and twe successive
2-hour urine urcbilinogen tests are within normal limits, a 2hk-hour

urine urobilinogen determinstion should be perfo‘rmed.225
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CONCLUSION

The determinetion 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 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 are times when all
other determinations yield equivocal results, snd it is then that

67

the more involved fecal urobilinogen test should be usge,
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LIMITATIONS OF LIVER FUNCTION TESTS: A REVIEW OF 108 AUTOPSIES

PURPOSE
This chepter consists of & review of 108 sutopsies per-
formed at the University of Nebraska College of Medicine be-
tween 1955 and 1960,
The initisl purpose of this study was to determine if any
definite pattern of results of liver function tests could be es-

teblished in cases of hepatic metastasis.

INTRODUCTION

As reported in the chepter on Transaminases, Baden and as-
sociates stated that in the presence of normsl alkeline phosphe-
tase activity, & normsl serum glutemic-oxalacetic transaminsse
determination indicated the sbsence of hepstic metastases in 90
per cent of cases.6

Little else wes discovered in the literature of positive
value slthough one report wss found stating that liver metastas-
is should be suspected in any cage in which the serum bilirubin
was normal, 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, must have been performed prior to

the death of the patient; (2) a gross snd microscopic description
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of the liver must be present; and (3) an adequate case summary
must have been attached to the autopsy report.
The 108 cases are classified in the following menner with

respect to hepatobilisry pathology:

(1) "Normal" liver-~this group includes cases of
passive congestion and fatty
metamorphosis when the cause
of death did not involve the
hepatobiliary system, (22 cases)

(2) Hepatocellular disease--includes primarily
cases of cirrhosis with a few
cases of hepatitis and amy-
loidosis. (20 cases)

(3) Malignant neoplesms of liver-~the vast major-
ity of csses were metastatic
liver disease, with one case
of primary hepatic cercinoma,
and a few cases of hepatomas,
lymphoma, snd hemangiomas.
(bl cases)

(4) Melignant neoplasms without liver involvement--
in this group the finsl diag-
nosis had to include a malig-
nancy without any wicroscopic
evidence of liver metastases,
(19 cases)

(5) Extrzhepatic obstructive jaundice excluding
neoplasm as the cause of the
obstruction. (3 cases)

The liver function tests thst were recorded from the case records
were:

) Alkaline phosphatase

) Total serum protein with albumin/globulin
fractionation

) Cephalin-cholesterol floeculation

) Thymol turbidity

) Bromsulphalein



(6) Serum bilirubin, both direct and total com-
ponents
('7) Urine bilirubin
(8) Prothrombin time, with response to vitamin
. K when done
(9) Serum glutemic-oxzlacetic transaminase(SGOT)
Due to the lack of determinstions, fecal and urine urobil-

inogen tests were not tsbulated in the study.

Probably the chief disedventege to this study 1s that most
of the laboratory tests were performed within a month of the pa~
tient's death--although this was not uniformly the case., The
chief advantage is that a histological study of the liver was
done in every case at autopsy.

The other forms of liver pathology besides metagtatic liver
disease were included in the study for the purpose of controls.
Since adequate data was collected on only four general types of
liver pathology, oniy those four-~-comprising 96 cases--will be
included in the data.

The four types of liver pathology to be included are: (1)
"normel" livers; (2) cirrhosiss (3) metastatic disease of the

1iver; and (4) melignsnt neoplasm without liver involvement.
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Liver Prthology

"Normals"
Cirrhosis
Metastzsls to liver

Mslignancy without
liver involvement

"Normsls"”
Cirrhosis
Metastasis to liver

Malignancy without
liver invelvement

DATA
ALKALINE PHOSPHATASE TEST RESULTS
No. of deter- No. of
Totsl C:ses minations Prntients 0=t units L-10  Above 10
22 9 9 9 0 0
17 10 9 5 3 e
38 2k 22 8 9 !
19 9 9 6 1 2
TOTAL SERUM PROTEINS
less thsn greater than
6 gm.% 6-8grn.b 8 gm.%
22 21 | 18 8 13 0
17 16 14 i 12 0
38 37 33 22 1% 1
19 18 16 7 7 4
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Liver pathology

"Normals"
Cirrhogis
Metastaéis to liver

Mslignency without
liver involvement

"Normals"
Cirrhosis
Metastsgis to liver

Melignancy without
liver involvement

ALBUMIN/GLOBULIN RATIO

No. of deter-

Total Crses minations
22 22
17 ik
38 33
19 18
22 11
17 10
38 21
19 8

CEPHALIN-CHOLESTEROL FLOCCULATION

No. of

Petients

19
12

31

16

11
10

21

TEST RESULTS

reversal non-reverssal
12 10
1k o
19 1k
11 7
34 or L4 24 or less
2 9
8 2
8 13
b i
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Liver pathology

Total cases

THYMOL TURBIDITY

of deter- No. of

"Normala"”
Cirrhosis
Metastassis to liver

Malignancy without
liver involvement

"Normals"
Cirrhosis
Metastssis to liver

Malignancy without
liver involvement

22
17

33

19

22

17
38

minations Patients

12 12
11 9
21 21

9 ]
BROMSULPHALEIN

3 3

6 6

7 7

6 6

TEST RESULTS

less than Greater than §
5 units units
10 2
2 9
13 8
5 b
Less than 5% GOreater than 5%
retention in  retention in
LS minutes 45 minutes
0 3
1 5
2 5
0 6
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DIRECT SERUM BILIRUBIN (1-MINUTE) TEST RESULTS

No. of deter- No. of less than greater than
Liver psthology Total Cages minations Patients 0,25 mgm:% 0.25 mgm.%
"Normals" 22 5 L 3 2
Cirrhosis 17 12 9 ¥ 11
Metastsais to liver 33 21 18 b 17
Melignancy without i
liver involvement 19 6 6 2 L

TOTAL SERUM BILIRUBIN

less than grester than

1.2 mgm.% 1.2 mgm. b
"Normals" 22 11 10 9 2
Cirrhosis 17 1k 11 3 11
Metzstssis to liver 38 30 2b 10 20

Malignsncy without _
liver involvement i9 10 10 5 5
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PROTHROMBIN TIME TEST RESULTS
"Hormsl" prolonged regspond to
5 seconds or K Injected
No. of deter- No. of more beyond with K

Liver pathology Total cases minations Patients control time
"Normals " 22 2 2 2 0 0,0
Cirrhosis 17 15 11 10 5 1/2
Metsstasis to liver 38 15 13 13 2 0/1
Malignancy without ,
liver involvement 19 & 5 5 1 0/0

URINE BILIRUBIN

positive negative
"Normals" 22 0 0 0 0
Cirrhosis 17 2 2 1 1
Metastasis to liver 38 6 5 3 3

Melignancy without
liver involvement 19 b Iy b 0]
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SERUM GLUTAMIC~OXALACETIC TRANSAMINASE TEST RESULTS

No. of deter- No. of less thasn greater than
Liver pethology Total cases minations Petients 40 units 40 units
"Normals" 22 b b 2 2
Cirrhosis 17 9 6 o) 9
Metastasis to liver 38 6 6 1 5
Malignsncy without
liver involvement 19 1 1 0 1



Cezse Number

#75
# 87
# 95
# 96
#101
#106

Czse Number

#107

Crse Number

h
# 17
82
F 93
ok
103

s S S S

METASTATIC LIVER DISEASE

Alksline Phosphatase
1.2 Bodensky units
12.5 Bodansky units
27.6 Bodansky units
not done
L.5 Bodansky units
7.7 Bodansky units

MALIGNANCY WITHOUT LIVER INVOLVEMENT
Alkaline Phosphatase

7.9 Bodeonsky units

CIRRHOSIS
Alkaline Phosphatase

10.4 Bodansky units
9.8 Bodansky units
"normal"
4,1 Bodansky units
3.9 Bodansky units
6.2 Bodansky units
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SGOT

97 units
127 units
202 units

61 units

33 units
143 units

SGOT

200 units

SGOoT

55 units
209 units
82.5units
208 wunits
186 units
3600 units



DISCUSSION OF DATA

Though the alkeline phosphataese was below 4 Bodansky units
in 211 nine of the "normel"” pstients, the results were incon-
clusive in studying liver metastssis. In those pstients exhi-
biting metastatic disesse of the liver; eight had alkaline
phosphetase determinstion below 4 Bodansky units, and 16 had re-
sults sbove 4 Bodansky units. Of 9 patients with melignant
neoplasms not involving the liver; 6 had "normel" results, while
3 showed increecsed enzyme activity. Therefore, though the slks-
line phosphatase sctivity was incressed more often in patients
with liver metastesis, the results were not conclusive enough to

warrant the use of this test =g 2 predictor of liver metastasis.

The results of the totel serum protein determinations sre

listed as follows:
Mean vslue of totsl Standard

Liver pathology serum protein deviation
"Normals" 6.2 gn.% 0.95 gm.%
Cirrhosis 6.5 gm.% 1.0 gm.%
Metastatic disease

of liver 6.0 gm.% 0.91 gm.%
Malignancy without

liver involvement 6.6 gm.% 1.6 gm.%

By 1inspection, one may observe thst no significant differen-
ce is spparent in the results of the total serum protein deter-
minstions in any of the four groups of liver conditions used in

this study.
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The slbumin-globulin ratio is notable only in the group of
patients with cirrhosis. Of 14 determinations done on 12 patients
with cirrhosis, a1l 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 cephelin-cholesterol flocculstion and the thymol turbid-
ity tests were abnormally elevated primarily in pstients with

cirrhosis.

The Bromsulphzlein test showed ebnormslly elevated retention
in most of the cases in which it wss used. The most likely cause
of many of the elevations of this test--especislly in the "nor-
mzls"” ond those pstients with malignant neoplasms without liver
disease--was decressed hepatic blood flow associated with conges-

tion of the liver.

The bilirubin determinstion results, both direct and totsl,
aid not lend themselves well to determination of a mean and stan-
dard devistion ss did the total serum proteins. The results in
the bilirubin tests were either within normsl limits or highly
elevated, and hence the stsndard deviation wes greater than the
mean. Both the total and direct bilirubins were elevated in =

ma jority of ceses except in the "normsl’ patients. However, this
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result could well be due to the fsct thet the test was often run
in the presence of jsundice, and not run when jaundice was not

observed or suspected.

The prothrombin time wss within pnormal 1limits in the vast
wajority of cases, The response to vitemin K in the three cases

in which the test was run wes irregular and inconclusive.

The urine bilirubin test was done too gseldom and with too

equivocsl results to be of any velue in forming sny conclusions,

The trensaminase {SGOT) was elevated in 211 9 casses of cir-

rhosis and in 5 of 6 cases of metastatic disease of the liver.

The combination of alkaline phosphatsse asnd SGOT were run to-
gether in 12 essges, The results csn be condensed as follows:

Liver pathology Alkaline phosphatasge SGOT

Metostatic liver
disease: elevated in b elevated in b
normsl in 1 normal in 1(not
the same one nor-
mal ag the alkae)
line phosphatase)

Malignaney without
liver involvement: elevated in 1 elevated in 1

Cirrhosis: elevated in 3 elevated in a1l 6

borderline in 2
normal in 1
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These results are too few to draw any conclusions from; how-
ever, it is notewofthy 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 asbsence of liver metastssis is, to say the lesst,

of dubious value snd will give questionable results,

CONCLUSIONS

At first glance, the results of this study arerquite discour-
aging, One may conclude that in the cases presented, no test or
group of tests could be found thet would consistently distinguish
patients with metastatic disease of the liver from those who were
not so affected, The inzbility to diagnose metastatic disease of
the liver accurately, points out the grestest weakness of the
present liver function tests.

However, some positive aspects are apparent from the study.
Probably the most encouraging fsct is the fairly vniform sbnormal
results found in the 2lbumin-globulin ratio, cephslin-cholesterol
flocculation, and SGO -Transeminese tests in pstients with cirrho-
sis. However, the elevated thymol turbidity in cirrhosis issome-
what surprising, although the elevstions were not generslly of
gre-t megnitude.

Very few tests were run on pstients with hepatitis, simply
becsuse so few people died of this digesse during the five-year

period of the study. However, one could c.upcct a high degree of
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correlation with some of the tests in this condition.

Noting the fact thst this study included primerily chronic
hepstic disease and malignancy, one may state thet the inconclu-
sive results in melignant disease were expected as was the correla-

tion of some of the tests with cirrhosis.

AFTERTHOUGHTS OF THIS STUDY

Studies which result in negative conclusions can be of value
if the procedure is snalyzed and constructive criticism is direct-
ed towerd the project.

The problem in studying the sbility of tests to predict liver
metastesis is two-fold., First, the tests must be performed over s
long period of time, serislly, and this entails grest expense and
gre-t difficulty in continued c-ntect with the test subjects.
Second, the need for s histological examination of the liver at
sutopsy should be essentisl to determine the presence or absence
of hepstic metestasis. Liver biopsies will not do in the vast
majority of cases, =nd are unrelisble themselves as predictors of
metsstatic liver disease,

In doing a further study, one would be well advised to begin
with a large series of live clinic pstients and run the exper-
imental group of tests on them periodically. An sttempt would have
to be made to msintain contact with the test subjects over =

period of yesrs. Finslly, sutopsies would r~ve to be performed on
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211 patients included in ihe study regardless of the presumed czuse
of death. Though this method would be guite long =snd most diffi-
cult, it sppesrs to be the only sccurste mesns of determining the
velue of sny test or group of tests &s s predictor of hepstic me-
tastasis.

The besic difficulty in attempting to devise tests which
measure the status of the liver is the organ itself. Tt is large,
not easily accessible for exsmination, and performs a multitude of
functions, not all of which are understood., Therefore, the bssie
biochemical snd physiological actions of the liver must first te
understood before truly definitive tests of liver status can be
established.

At the present time, one must still rely on clinical judgment,
hiztory, 2nd physical exemination ss the mein sources of infor-
mation in liver disease. Though the laboratory tests are helpful
in confirming cliniesl opinions, they have not replasced clinieal

Judgment as the chief disgnostic source of the physicisn.
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VALUE AND USE OF LIVER FUNCTION TESTS IN GENERAL

INTRODUCTION

No simgle liver function test is known whose results can
describe sdequately the functionsl or pathologic state of the
hepatobiliary system, Consequently, multiple tests asre re-
quired when one is attempting to determine the status of the
1iver. This need to use several tests results in the pri-
mary problem of the clinician who must use them; namely, which
ones to use to get the mwost informetion sbout each specific
patient.

As yet, thére are no tests which distinguish definitely
between the various forms of hepstocellular injury, and only a
few are helpful in discerning between posthepatic and hepato-
cellular jaundice.

The use of the tests must at all times be tempered by the
fact that absolute results sre rarely appearent from sny of the
tests, even when used in combination. The velue of clinical
history, physical examination, and other disgnostic sids such as
radiographic exsminstion, liver biopsy, snd bile studies must

17
asgein be emphasized.

TYPES OF LIVER FUNCTION TESTS
Centarow snd Trumper divide tests of liver function into two

categories. First sre those tests of "metabolie functions' which
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depend entirely upon the functionsl integrity of the liver cells
snd are uninfluenced by interference with the flow of bile, un-
less this produces hepstocellular dsmsge. Exemples of this

type of test sre the flocculation end turbidity tests, the tran-
saminase tests, and studies of serum proteins.

The other type of test is that of "excretory function’,
where the results depend upon maintenance of 2 free flow of bile
ss well as upon hepstocellular function. An example of this type
os test is the serum bilirubin determinetion,l7

Popper end Schaffner list four types of tests of hepatobil-
fary function. First sre the "setivity and tolerance' tests
which theoretically measure activity, capacity, or reserve, The
tests meassuring sctivity mirror the status of the organ, and us-
ually require s single determination of 2 substance or a reaction.
Tests measuring capacity entail the response to a load of exogen-
ous meterial such as a dye, whereas tests measuring reserve use
the response to a losd of endogenous material, such ss bilirubin
or glucose, Cspecity and reserve tests sometimes cannot be clearly
separated snd are coupled by these suthors under the category of
tolerance tests., The asuthors state that tolerance tests measur-
ing dynsmic response are prefersble to activity tests reflecting
a stetic pleture.

The second group is the "true liver function” tests that
weasure g function which only the liver performs and upon which

other organs exert little influence. lowever, few of the known
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functions of the liver lend themselves well to practicsl clinicsl
evaluation, the main exception being the response of the prothrom-
bin time to the administration of vitamin X,

The third group is the "conditioned liver function” tests
which measure functions thst the liver shares with other orgsns
or which are influenced by the function of other organs to & grest
degree. These include tests concerning such processes ss serum
protein formetion or glycogen deposition in the liver. Despite
theoretical drewbacks, much practical informstion sbout hepatic
function can be obtained from these tests if the non-hepatobiliary
influences upon the tests sre taken into sccount.

The fourth, snd largest, group is the "hepatic" tests which,
in contrest to the other groups, concern bioehemical, serologic,
or hemetologic data on substances not necessarily formed or acted
upon by the liver, They may also concern resctions Influenced by
functional slterstions of the liver, and are sometimes acted upon

15
by other organs.

USEFULNESS OF LIVER FUNCTION TESTS
Czntarow and Trumper list seven uses of liver function tests
in clinical practice. First, the diagnosis of uncomplicsted hem-
olytic jsundice can be established rather readily.
Second, the tests aid in the diagnosis of uncomplicated post-
hepstic jsundice {extrshepstic duct obstruction) to e grest degree.

Third, they mey revesl the presenct of liver damage Iin ps~
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tients with known obstructive lesions (e.g., stone, stricture, ne-
oplasm).

Fourth, serial studies esre of great vslue in following the
course of acute diffuse liver disease (g.g,, infectious and toxic
hepatitis). In these conditions, they sre particulerly useful in
revegling residusl dsmage after subsidence of other clinicsl men-
ifestations, end in suggesting possible progression to chronic
liver disease,

Fifth, certsin tests mey be of quite specific disgnostic value,

Sixth, they msy indicate the presence of unsuspected liver
disesse (e.g., cirrhosis).

And seventh, they afford the only means of demonstrating the
integrity of, or evaluating the degree of impasirment of, various
hepatic functions in the presence or asbsence of evidence of mor-

, 17
phologic change.

SENSITIVITY OF VARIOUS LIVER FUNCTION TESTS
Popper lists the following six tests as thogse liver function
tests whose results are most sensitive to changes in the hepato-
biliary system. The six are (1) the pregence of urine bilirubin;
(2) elevation of serum bilirubin; (3) the smount of urine snd fe-
cal urobilinogen; () increased retention of Bromsulphalein; (5)
increased thymol turbidity (though not in cirrhosis); and (6) in-

cressed serum alksline phosphatzse activity.
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He lists cephslin-cholesterol flocculation activity, choles-
terol /ester ratio, zinc sulfate turbidity, serum esterase, intra-
venous hippuric acid tolerance, galactose tolerance, prothrombin
time response to vitemin X injection, and serum albumin as moder-
ately sensitive hepatic tests.

The nonsensitive hepatic tests listed by Popper include amine-
aciduria, low total cholesterol, and hypoglycemie.159

He does not mention transaminase determinations in his dis-
cugsion, but they have been noted to be e8 sensitive to hepato-
biliary patholgy ss the alksline phosphatase, so one mey sssume
that transaminase sctivity would be listed as 2 very sensitive he-

patic test.

COST OF LIVER FUNCTION TESTS

The cost of liver function tests in verious lsboratories
naturslly varies considersbly, Often, the expense of a seldom-
used test in a smell lsborstory is greater than in a large lab-
oretory which runs that procedure more often; while st the same
time, the test run in the smaller laboratory msy be less accurate
due to the relstive lack of familiarity of the technician with
the test,

The prices for the following tests are taken from the in-
dividusl price list of a private lasboratory in Omsha, Nebraska.
This lsboratory of private psthologists does a great desl of la-

boratory work for locsl and regional physiri-ns, and their prices
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sre considered to be fairly representative of the "everage' cost
of most tests. The cost quoted for each test would be the price
for that test if it were ordered individuelly. In a few cases,

ordering more tests lowers the cost of some of the tests.

Cost for individusl liver function tests at a private labor-
atory, Omaha, Nebraska, August, 1962:

Test

Alksline Phosphatase . . . . . . . .
Prothrombin Time , . . . 4+ . ¢« o « &
Cevhalin-Cholesterol Flocculetion . . .
Thymol Turbidity . « « + « . +» + + . .
Fecel Urobilinogen . . v ¢ o o o o o »
Urine Urobilinogen . . . . . . . « « « .
Serum Bilirubdn . . . ¢+ + ¢ 4 . 4 4 ¢ .

L2

g

o :mwwyrmr:wgg
0000000000
laBsReRoReoReReReReXoRo)

.
Q
@]

3

) » &

.

Urine Bile . . . . e v v o Ll
Urine Bilirubip, ( Ictotest®) ... 1.
Bromsulphslein®. . . . e s s s s s s 5,

Total gserum Protein . . + v v ¢ & « o &
Total serum Protein plus Albumin/Globu-

1in ration{RBiuret resction) . . . .
Serum Electrophoresis plus Total Serum

Protein snd Biuret resetion . . . . 10.00
Serum Glutsmic-Oxslacetic Transaminase . 5.00
Serum Glutsmic-Pyruvic Trsnsaminsse . . 5.00

USE OF LIVER FUNCTION TESTS TN THR TTFFERENTIAL, DIAGNOSIS
OF JAUNDICE

As stated earlier, the differentisl diagnosis of jsundice is
in effect & "therapeutic differentisl diagnosis™ to sepsrate "sur-
gical” jaundice from "medical"” jaundice. The basis of the differ-
entiation is the finding of sbnormsl results of tests indiecative
of hepatoecellular degeneration and of normal results of tests in-

dicastive of cholestasis in medical jaundicc and vice versa in
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surgical jaundice. Intrshepatic tumor metastsses or lymphomas
producing jsundice belong to the medical group, since the jaundice
results from intrehepstic processes not amenable to surgery.
Popper lists certein findings which indicete hepatocellular
degenerstion. They are abnormal cephalin-cholesterol floceula-~
tion, increased thymol tufbidity,32increased urobilinogenuria,
low serum cholinesterase level, decreased cholesterol/ester ratio,
and reduced prothrombin time despite vitamin K therapy.lsh’l59
Cohn and Kaplan also add elevation of the level of serum transa-

134

minases, Because of the frequent occurence of bilological false
positive tests, sbnormsl results in at least two of these tests
are required (a2lthough sbnormal results in the cephalin-cholesterol
flocculation and thymol turbidity tests should be counted as only
one a'bnormality).l59

Popper lists the following test results as indicative of
cholestasis (posthepstic jaundice); sbsent urinary urcbilinogen,
serum slksline phosphatase sctivity sbove 15 Bodansky units (Ducci
lists 10 Bodansky units ss the lower limit of posthepstic obstruc-
tion32), and hypercholesteremia.159 Cohn and Ksplan slso list
bilirubinuris =nd elevation of the level of serum transaminases}Bu

There are three exceptions to the basic rules set forth by
Popper. First is the instsnce of secondary hepatocellular degen-
erstion in surgical jaundice which is caused by prolonged extra-

hepatic biliary obstruction or by secondary bacterial infections

of the portal tracts. In this case, lsbLorstory evidence of both
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hepatocelluler degeneration and cholestasis is found.

Second is the condition of incomplete or intermittent extra-
hepatic cholestesis which results in fluctusting findings indic-
ative of cholestzsis in cases of surgical jeundice. When no choles-
tasis, but slight liver damsge, is found st the time of exeminstion,
medicsl jsundice is probasbly present.

Intrshepatic cholestasis, or "cholangiolitis”, is the third
exception. This diseasg process produces sbnormal results in
tests indicating cholestasis while the true pathologic process is

, 15
actually a type of medical jsundice. 29

LIVER FUNCTION TESTS TO BE USED IN ROUTINE STUDY
OF NON-JAUNDICED PATIENT

Popper notes that the problem of demonstrating hepetic in-
Jury in non-jsundiced patients occurs primsrily in screening for
anicteric or preicteric viral hepstitis during an epidemic; for
toxic damege after exposure to poisons, mainly industrisl in ns-
ture; and for injury resulting from the administrstion of drugs
for clinicsl or experimentel purposes. Since otherwise healthy
persons are exsmined, minor slterstions of hepetic function are
significant. Falge positive results and sbnormsl results in
carriers of hepstitis sometimes interfere with the interpretstion,
and isolated observations sre 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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and urobilinogen excretion, Bromsulphalein retention, direct-re-
acting serum bilirubin, cephalin-cholesterol flocculation, snd thy-
mol turbidity.159

Cohn snd Keplsn concur 1in Popper's choice of tests but esdds
serum alkaline phosphatase activity, serum transaminase levels,
and total serum bilirubin in his list of routine tests.13h

Bernhsrd also adds the determination of serum albumin and
globulin to the routine tests to determine if occult liver disease
is present,

M:clsgan also recommends paper electrophoresis of serum pro-
teins and the plssms prothrombin time as special tests to be used
ot times in the absence of positive signs of liver diseage in a
patient with suspected liver pathology.119

LIVER FUNCTIOR TESTS TO BE USED IN HEPATOCELLULAR DISEASE

Neefe and Reinhold find that in the early (preicteric) stage
of infectious hepatitis, the Bromsulphalein retention, bilirubinur-
is, inereased cephalin-cholesterol flocculation, incressed one-
minute serum bilirubin, snd increased thymol turbidity (in rough-
1y that order) provide the esrliest evidence of the initial heps-
tic disturbence.

During the convalescent state, the thymol turbidity test is
the most consistent indicator of persistent disturbance with the
colloidsl gold, cephalin-cholesterol flocculation, one-minute
serum bilirubin, and Bromsulphslein tesus following in order of de-

cressing consistency.



These authors recommend a group composed of the Bromsulpha-
lein, total and one-minute serum bilirubin, urine bilirubin and
urobilinogen, cephalin-cholesterol flocculation, and thymol tur-
bidity procedures as the most relisble minimum group of tests for
the detection of mild hepatic disturbance at any stage of the
disezasealbf3

Hewk and sssociates agree with Neefe snd Reinhold's recom-
mendation sbove, slthough they list the Bromsulphslein as the test
of choice when only one test is to be used serislly in the “recov-
ery’ stage of hepétitis,7l

These zuthors suggest that, in following the course of the
Jeundiced pstient suffering from parenchymstous disease, the di-
rect and total serum bilirubin, flocculetion tests, the serum al-
bumin and globulin, and the plssma prothrombin time be use.71

Davis recommends the use of the Bromsulpheslein retention, the
serum bilirubin, total serum protein determination with electro-
phoretic fractionation, and serum slkaline phosphatase as routine
tests to determine liver dsmsge. 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 of surgery.
However, he recommends Bromsulphalein retention, serum albumin
determination, and the prothrobin time as the best lsborstory
indicators for operstive risk thst sre aveilrble; =lthough, he

lists clinicsl evslustion snd liver biopsy ss heing far superior

to any chemicsl test.3



Menning snd Delp suggest the use of Bromsulphalein retention,
urine urobilinogen, cephalin-cholesterol flocculation, serum tran-—
saminase, and serum bilirubin in the detection of liver disease.l24

Popper and Schaffner note that if severe inflammation due to
bacterial infeection complicates extrshepatic biliary obstruction,
the laboratory picture becomes indistinguishable from that of med-
ically treated jzundice, since the resulting elevation in the serum
garme globulin level msy produce sbnormasl results in the floccula-
tion tests. In this csse, the clinical features of chills and fever
with leukoecytosis or possibly liver biopsy mey clesrify the prob-
lem.158

In following patients with known liver disease to evsluzte
the extent of damege, and to follow the progress of disesse; Cohn
and Kzplsn recommend serum bilirubin, thymol turbidity, cephalin-
cholesterol floceculstion, and albumin and giobulin determinations
as being useful tests in general. They note that the urinary uro-
bilinogen and cholesterol and its esters are veluable under specisl
condition5513h

Bernhard suggests the use of the direct and totsl serum bi-
lirubin, Bromsulphalein retention, serum albumin and globulin,
cholesterol, serum enzymes (transaminases), urine urobilinogen,
end the prothrombin time in the study of known hepatocellular

9

disease.
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LIVER FUNCTION TESTS TO BE USED IN KNOWN BILIARY OBSTRUCTION

Hewk end sssocistes state that in differentiating jeundice due
to bilisry disease from that due to parenchymetous disease, one
@ghould use the serum slkaline phosphatage, the cephalin-cholestefol
flocculztion and thymol turbidity test, the prothrombin time and
response to injection of vitsmin K, snd the fecsl urobilinogen.

They feel thst in following the course of the surgical pa-
tient with disease of the biliary tract one should use the slkasline
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 snd globulin, flocculstion tests, serum
transeminsse, cholesterol, and alkeline phosphetsse tests in pa-
tients with known obstruction.9

Cohn and Ksplen recommend the use of serum bilirubin, alka-
line phosphatase, end slbumin znd globulin fractions of serum in
following patiénts with bilisry tract disesse, both in diagnosis
snd post-operatively.l31+

Intrshepatic cholestesis 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 s group of people 65 yesrs old or older, Cohen
and associstes find that there is no distinct increasse in sbnor-

23

malities in the results of liver function tests.

Kumete snd associates studied simultsneous changés of various
liver function tests in 30 cases of bilisry stresis confirmed by
exploratory laporotomy or necropsy.

They note a tendency for the serum bilirubin to rise as sge
sdvances which is more evident after the fourth month, However,
the degree of correlation is poor.

Flocculation tests are abnormal in over 35 per cent of cases,
and are more marked as age and degree of melnutrition increasse,

Transaminase sctivities in serum show slight increasses (to
about 100 units per ml.), predominantly in the glutamic-oxaloscetic
type, and without relstion to age, nutritional condition, or floc-
culation tests. It is notable that some suthors have placed the
upper limit of normsl for serum transaminase sctivity ss high ss
120 units per ml. in the postnatal period.zo’99

Studies of Bromsulphslein clearasnce show incressed retention

5t L5 minutes in sbout 30 per cent of cases.102

Richman and associstes did serisl liver function tests on
175 patients with right-sided hesrt feilure of diverse etiology.

Abnormal results obtained varied from 2 ver cent (thymol turbidity)
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to 80 per cent (Bromsulphslein end 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 scute or chronic., The liver indices reflecting psren-
chymel cell destruction and excretory sctivity are most affected
during acute failure.

The majority of indieces of hepatic function return to normsl
within one to two weeks following csrdiac compensation, except for
thoge reflecting biosynthesis by the liver, which lmprove wmore
slowly, and hyperglobulinemia, which tend to persist. Repeated
attacks of failure (gs in rheumstic heart disease) sre associa-

173

ted with more severe impeirment 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 importesnce. Other liver function tests
which have found some use either presently, or in the past, are

listed as follows (no sttempt is made at absolute completeness ):

Serum choleste§ﬁl and cholesterol estersl?’h’159
Teteric index! 7

Gslactose tolesrancellb

Hippurie acid synthesis

Serum mucoproteinsl59

Thymol floceulationl>9

Zinc sulfate turbidity

Trkete-Ars flocculstion

Serum colloidal gold

Intravenous rose bengal

- L L 2

+

. t »

2l
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11,
12.
13.
1k,
15.
16,
17.
18.
19.
20.

Bilirubin tolersnce

Plasma vitsmin A leve

Blood glucose levell3
Adrenalin tolersnce
Cholinesterase levell>®
Intravenous lactic scid
Ievulose tolerance

Ammonium sulfete

Blood and urine amino ecidsl3h
Duodenal aspiration159



RECENT WORK IN THE DEVELOPMENT OF LIVER FUNCTION TESTS

INTRODUCTION

The primery ewphesis of recent work in liver function tests
seems to center in the field of radic-diasgnosis. Much has been
written sbout studies utilizing radiosctivated substsnces such as
rose vengal.

Other work is being done on the development of new gubstances
which attempt to measure hepatic clearsnce (g,g., indocyanine
green), and on easier methods of accurately determining liver func-

tion in smaller lsborstories.

USE OF RADIQACTIVATED SURSTANCES IN TESTING LIVER FUNCTION

Rose bengal is a chemiczl substance which acts in much the
same manner s Bromsulphalein.lhh In fact, the rose bengel test
wes at one time used ag 2 liver function test. However, this ma-
terisl hss been "tagged' with radiosctive iodine (atomic weight,
131) resulting in the formation of the 131 pose bengal test.

In normsl humsns, the rasdloactivated substance is injected in~
travenously snd goes in suceession to the blood, liver, bile duets,
gastrointestinal tract, snd finelly is excreted in the feces with
a small smount being excreted in the urine, The amount excreted
in the feces in 72 hours c¢an be messured by radiosctive studies of

a fecal sample.luh
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In infants with bilisry atresis, no substance is able to get
from the liver to the gastrointestinal trasct, and therefore, none
is excreted in the feces and most is excreted in the urine. Thus,
8 decresse in fecal excretion coupled with an increase in urinary
exeretion in infants is disgnostic of biliary atresia.lhh

Ghedimi 2nd Ssss-Kortsak report that the 72-hour fecal ex-
cretion of i131 rose bengal in infents with normal livers exceeds
70 per cent, with the corresponding figures for urine not exceed-
ing U per cent. TIn four infamte with atresia of the extrshepstic
bile duets, proved by lapsrotomy, the fecal excretion is between
2.2 snd 5 per cent of the injected dose. They also find that the
T2-hour fecal excretion of the ssme substsnce in 7 infsnts with
cbstructive jsundice and patent extrshepstic ducts is 10.5 or more
per cent, These authors also note that the hazsrds involved due to
exposure to & radiozctive substance are no grester, in their opin-
jon, than exposure to a conventional fluoroscopic procedure.5o

Teplin and assgociates report favorably on the value of the
13 yose bengel test snd the radiocsctive-gold (Aulga) test as
indicetors of liver blood flow and ecellulsr function. Liver blood
flow is messured =zccurately, they state, by the dissppearance of
the intrsvenously injected substsnce from the blood as measured
by a rediocactive counter attached toc the pstient’s thigh. The
cellulsr function is messured by s radiosctive counter which is

"
etésched to the patient sbove his 1iver.1h These authors feel

131
this use of 1 3 rose bengal snd Au198 allows for recognition of
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conditions in which portsl hypertension is present; primsrily
cirrhosis, lymphetic leukemia, severe congestive heart failure,

end hemorrhagic shock. They conclude thet these tests are most
useful in the medicsl end surgical mensgement of cirrhotic pstients
with portsl hypertension and active hepatitis.208

31

However, Richmen and Jscobs feel that the I1 rose bengsl
test does not give consistent results in any specific group of
liver disease snd hence does not offer any great value szs a test
of liver function.172
Ackerman snd sssocistes have developed a technique for scan-
ning the liver for space-occupylng lesions, which ere less radio-
active than normel liver tissue, using 1131 rose bengal., They clzim
this technique has empiricslly demonstrated lesions one inch or
more in diemeter.l The possibility of the eventual use of this
test in disgnosing liver neoplasms, both primsry =nd metaststic,
cannct be overlooked.
The 1131 iodipamide test wes devised by Mecleren snd essociastes
in 1959 to meesure the clearence asnd excretion of that substence
by the liver. However, Freimsn snd sssociates, after using the
test, conclude thst it cannot be used to sepsrste patients with
normael hepatobilisry function from those with defects in their

e
hepatobilisry system. >
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INDOCYANINE GREEN

In this test, indocyanine green, s dye, is injected into the
medisn bagilic vein of one =rm snd blood is collected st various
time intervzls from & vein of the other zrm. Approximstely 0.5
mgm. per kg. of body weight of the dye is iInjected. No resctions,
systemic or otherwise, to the dye have been noted following in-
jection. After withdrawal of the blood, the samples are centri-
fuged, and the plasme dye concentrations asre read against the plas-
me blank on a Beckman DU gpectrophotometer at a wave length of
805 millimicrons,231

Hunton and associstes have egtablished a minimal normal plas-
ms dissppesrance rate of 18 per cent per minute. With few excep-
tions, slower rates have been found only in patients having clin-
ical or pathologlc evidence of liver impasirment. These authors
feel that the indocyesnine green test may be of cliniesl velue in
patients who have spuriocus retention of Bromsulphalein.81

Stekiel and szssociates sgree thst indocysnine green hss po-
tentiality as s messuvrer of liver blood flow but warn of two fac-
tors which serve as poorly-defined sources of error. One is the
obtaining of =z representative hepatic venous ssmple when with-
drawing blood for messurement of the dye; snd the other is the de-
terminstion of 8 true extrsction rastio which is complicated be-
cause of the difficulty in knowing hepstic circulstory time.200

Cresar and associstes feel that though the plasma indocya-

nine green test is compsrable to the Bromsulphalein test, the
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former has no advantsge over the latter ss a screening test of

1k

liver function.

A SIMPLER LIVER FUNCTION TEST

R-ddin reports thst meny women who are chroniecally 111 with
indigestion and constipetion hsve s poor Decholin taste time test
when no other test is abnormesl. He feels this is a clinicelly de-
pendshble test of liver dysfunction compatible with an insufficient
amount of bile secreted into the duodenum. The test is recommen-
ded when excellent laboratory facilities sre not avsilsble, apd when
hospitalization is refused. Be concludes thet, in general, the
quicker and stronger the taste is noted and maintained, the more

166

normal is liver function.

CONCLUSION

The primary area of research in liver function testing is
currently in the field of rsdiosctivated substsnces. These mster-
ials sre injected end then messured by radiocactivity counters,
either on different sreas of the pstient at the same time, or in
the excretory products of the patient.

The possibility thet hepatic necoplasms may someday be diag-
nosed by rsdioasctive liver-scanning (similar to thyroid-scanning
presently done) offers hope that this disgnostic enigme msy still
be conguered,

The work being done on substunces to measure hepatic elesr-
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ance do not offer much hope for improvement over those tests pre-
gently available.

Simple attempts to measure liver function, such as the Decho-
1in teste time, while interesting, have not been thoroughly tested
and sre probably just ways of convineing oneself that an inconclu-
sive lsboratory test may be dlsgnostic. In this case, perhaps no

test would be better than one giving dubious results.
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SUMMARY

INTRODUCT'ION

Liver function tests are indicated in patients with clin-
ical signs and symptoms ef hepstobilisry disease, or in those
patients in whom the presence of liver snd bilisry trasct psth-
ology is sugpected. These tests =id in the disgnosis, prognosis,
and follow-up of disesses of the hepastobiliary system.

However, one must be aware from the beginning that in u-
sing liver function tests, one 1s using 2 group of imperfect
instruments which sre of velue only ss adjuncts to clinical his-
tory, physical exsminstion, 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 sre ususlly performed in groups, snd ser-
ia1ly. The sbnormel result of only one test at only one time is
flimsy evidence on which to base g disgnosis of liver disesse,

A primary use of liver function tests is to zid in the dif-
ferentisl disgnosis of jeundice. Various classifications of jeun-
dice hsve been put forward, but the one mainly slluded to in this
thesis is that of Ducci, with modificaticns by Miller. They 4if-
ferentiate jaundice into prehspatic, hepstic, and posthepatic
types corresponding to overproduction of bilirubin or snoxisa,
damsged hepatic cells, and obstruction of the biliary passsages,

respectively,
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ALKALINE PHOSPHATASE

The alkeline phosphatese test often provides valusble pos-
itive evidence in the diagnosis of posthepstic jaundice, The
mechanism of the test is poorly understood; and moderate rises
are noted in, but ere not diagnostic of, many ceses of hepato-
cellular disease.

The test result is commonly elevated in children, disesses
of the bone, hyperpasrethyroidism, congestive heart failure, and
following ingestion of fst. Iowered test results have been noted
when the petient is in a fasting state.

The test hes found fsvor with some in attemplking to diagnose
the presence of metsstetic csrcinome of the liver, but conclusive
evidence of its value in this disgnostic dilemme hrs never been

produced,

SERUM AND URINE BILIRUBIN

Bilirubin is & product of the breszkdown of hemoglobin in the
reticulo-endothelial system. It exists in plasms as both the
direct-rescting (mono- and diglucuronides) snd indirect-reacting
(free bilirubin) forms.

Jeundice is due to the sffinity of elastic tissue for biliru-
bin, thus imparting & cheracteristic yellow color ss the concentra-~
tion exceeds s critical level., (Jsundice is generally believed to
become c¢linically detectable when the totsl serum bilirubin exceeds

2.5 mgm., per 1C0 ml. of serum.)
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Begides jaundiced conditions, elevated serum bilirubin is
noted in subclinical liver disease, newborns, and congestive
heart disesse,

Measurement of direet snd total serum bilirubin is valuable
in the diagnosis of hemolytic jaundice, where the indirect frac-
tion is markedly elevsted in the presence of near-pormal direct
values. However, this partition is of little value in differentia-
ting hepstic from posthepatic jsundice,

Urine bilirubin, an sbnormsl finding whenever present, is
noted in many cases of hepstic and posthepatic jsundice, in con-
gestive heart failure, snd in pulmonary infarcts.

Uyine bilirubin is guite helpful in the early diagnosis of
infectious hepatitis, but is a poor follow-up test becsuse its
early return to normsl is not sssocisted with c¢linical improve-

ment. Urine bilirubin is slways sbsent 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 relisble results.

The rate of removel of the dye from the blood depends on the
exeretory capacity of the liver, the patency of the bile ducts,
and the hepatic blood flow, Test results must be interpreted in
view of the patient's complete condition ss many non-hepatobiliary

factors may affect the test.
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The Bromsulphslein test offers little help in the differen-
tistion of jeundice, but is an excellent procedure in detecting
latent liver disesse snd in follow-up studies of hepatocellular
pathology.

- Allergic responses to the dye must slways be guarded sgeinst,

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, empiricsl tests of sérum which often furnish
clues to abnormal serum protein composition snd activity, thus
often exposing hepatocellular disease., The csuses of abnormsl
flocculstion and turbidity are psrtislly understood end concern
stabilizing and precipitating factors in many instences.

The cephezlin-cholesterol floecculstion test is quite useful
for the diagnosis of hepstocellulsr degeneration in hepstitis or
cirrhosis. This test is more dependsble in detecting cirrhosis
then the thymol turbidity, snd is often positive esrly in the
course of virsl hepstitis.

The thymnl turbidity is 2n excellent test for the follow-up
of hepatitis, since it is often the last test to return to normel.
The test is zlso useful in the disgnosis of postmnecrotic cirrho-
sis--the only form of cirrhosis in which this test is consistent-

ly sbnormal.
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Neither test gives positive results regularly in cases of
post-hepatic jsundice. Both sre also affected by other conditions
resulting in sbnormel serum protein states such as infectious mono-
nucleosis, mal-ris, snd rheumatoid arthritis.

The tests sre most profitebly used together, since they each

are offected by a somewhst different ares of serum protein changes.

SERUM PROTEIN$

Serum proteins may be measured by salting-out methods, use of
water-miscible organic 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 varisble,
A decreased level of serum albumin is often seen in chronic hepa-
tocellular disease, and is a vslusble prognostic tool in certsin
cases,.

The serum globulin level tends to rise in both scute =znd
chronic hepatocellular disesse,

The traditionsl determination of album/globulin ratic is un-
relisble unless one knows the sbsolute values for both fractions,

s they may be affected by different factors.

PROTHROMBIN TIME
The prothr mbin time is s rapid and valuable test of bleeding

tendency, and is sometimes helpful in the disgnosis of liver disease.
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Since prothrombin is formed by hepatic cells, the prothrombin time
should be prolonged in hepatocellular diseese. Also, since fat-
soluble vitamin K is required for prothrombin synthesis, the pro-
thrombin time should elso be prolonged in extrsghepstic obstruction
which prevents bile selts from reaching the intestinal trect.

Therefore, if prothrombin time is prolonged, and then improves
more then 15 per cent within 24 hours following injection of vit-
amin K, a2 disgnosis of posthepatic jsundice would be indicated.
Wheress, the gbsence of improvement in the prothrombin time would
indicate hepatocellulsr pathology.

However, the clinicsl results of the prothrombin time have
not been as encouraging es the thecreticsl design of the test, and
its use as s liver function test is limited because of this,
Though it mey st times be helpful, the prothrombin time 1is rarely

a test of choice in the evaluation of liver function.

SERUM TRANSAMINASES

Enzymes catalyzing different transamination reactions have
been found widely distributed in animel and humsn tissues, and
have been shown to change In zctivity in some tissues during
disease. Serum glutamic-pyruvic transsminesse (SGPT) is found
mainly in the liver, while serum glutemic-oxslscetic transaminase
{SGOT) is particulsrly concentrzted in cerdisc muscle.

The activity of these enzymes is merkedly incressed in ceses

of hepetitis; snd mildly incressed in infectious mononucleosis,
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cirrhosis, posthepstic jzundice, and liver metastasis. Some dif-
ferentiation between "medicsl” and "surgical’ neonstsl jsundice cen
be made by serial determinstion of the SGOT and SGPT enzyme activ-
ities.

The asctivity is also elevated somewhat in 21l newborns, and

following myocardizl infarction.

URINE AND FECAL UROBILINOGEN

The urobilinogens zre formed by the reduction of bilirubin
in the intestinsl tract by becterisl action. The urobilinogens
are colorless but tend to oxidize in the intestinsl trsct to form
urobilins which impsrt s brown color to the feces.

The determinstion of urobilinogen excretion, either in the
urine or feces, is an excellent test of early liver impairment.
The test is guite sensitive to chasnges in hepatobiliary metab-
oliem, and csn often be 8 grest aid in the differential disgnosis
of Jesundice,

Because of the time reguired for a feecal urcbilinogen study,
urinary urobilinogen measurement is preferred generally.

Elevation of urobilinogen excretion is szlso noted following
ascute myocardial infarction, pernicious snemia, leukemis, and
other conditions. The test is unreliasble when done on pstients who
are receiving antibiotic therapy which interferes with the gastroin-

testinal bacterisl flors.
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REVIEW OF 108 AUTOPSIES

A review of 108 sutopsies from the University of Nebrasks
College of Medicine Department of Pathology is presented with
reference to the results of liver function tests and their corre-
lation with post-mortem hepstic findings, psrticulsrly the presence
or sbsence of hepatic metsstasis.

No test wes found that correlated highly as a predietor
of the presence of hepatic metastesis; though certsin tests did
show & high degree of correlation with cases of cirrhosis.

Problems of 8 study in predicting liver metastasis are com-
mented upon, and certain recommendations(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 @ pvivake  laborstory +h Omshs, Ne-
braska, as the reference for the cost.

The use of liver function tests in the differentisl disgnosis
of Jjsundice, the routine study of the non-jaundiced patient, the
study of hepatocellulsr and known bilisry obstructive disesses, snd
miscellaneous conditions is discussed.

Other less used tests of liver function sre listed.
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RECENT WORK IN THE DEVELOPMENT OF LIVER FUNCTION TESTS

The primery interest in current work cn liver function tests
has been the attempt to develop radio-isotopic diagnostic methods.
The I131 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.

New chemicsl substances sre slso being experimented with,
notably the dye, indocyanine green, which gives reported results
comparable to those of the Bromsulphslein test.

Other less promising studies have been suggested,‘and are

noted.
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CONCLUSION

A review of commonly used tests »f liver function is pre-
sented stressing technique; mechsnism of action, use in hepato-
biliary disease, and non-hepatobiliary causes of abnormsl test
results.

A correlation is attempted between these tests and sutopsy
materiasl obteined from the records of the University of Nebrasks
College of Medicine Department of Pathology.

The coordinated use of various liver function tests in an
attempt to gain the meost information esvailsble from them is dis-
cussed.

The recent developments in the field of liver function tests
are given, with specisl emphasis on resdio-isotopic studies.

The limiteti ns of the tests, sl-ng with their value, use,
and cost, sre considered. The tests can often be of great diag-
nostic aid when combined with the c¢linical history, physical ex-
smination, and other studies; but they have not supplanted thege

traditionzl techniques Iin the diagnosis of hepetobiliary disease,
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