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CHAPTER I
INTRODUCTION

The Problem
No other one organ has as many functions to perform in
the body as the liver.

It is this fact which necessitates an

accurate and practical evaluation of the many liver function
tests in use today*

So many new tests have been developed in

the last few years that it is hard for technicians end doctors
alike to keep up to date on new procedures and fully understand
the significance of the results obtained.

The purpose of

this study is to show the value of sane of the rnore conraon
liver function tests in determining hepatic cell function, by
correlating the results of these tests with clinical diag
noses and autopsy findings.

In addition, two of the very

newest tests, the Transaminase Test and the Copper Acetate
Flocculation Test will be discussed in some detail and also
correlated with clinical findings.

Development of Liver Function Tests
The functions of the liver are not only many, but diverse.
These functions include the metabolism of food materials, storage
of certain materials, and elimination of dyes, as well as
detoxification, secretion, and excretion activities.

Kolmer

lists thirteen liver functions (1 ), while Llchtman lists ten (2 ).
1.
2.

John A. Kolmer, Clinical Pi agnosia by Laboratory Examinations.
Pp. 195. New York: Appleton-"entury-Crofts, Inc., 1949.
S . S . Llchtman, Diseases of the Liver, Gallbladder and Bile
Ducts, Pp. 37. PhlladelpTira: LeaS: Febiger, '1949.
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The two lists are in general agreement, the difference in
number being due to the division by Kolaer of the metabolic
activities into protein, carbohydrate, and lipid metabolism,
while Lichtmen groups them under "metabolism of nutrient sub
stances".
Liver function tests have been in use over fifty years.
During this time many old tests have been discarded and newer
tests introduced*

This does not necessarily mean that the

older procedures were not good, since many of the tests in
use today are not the best.

However factors other than perform

ance must also be considered, such as the technique used and
equipment needed.

A time-consuming procedure or complex

apparatus limits the usefulness of a test to a laboratory.
Perhaps the most important stimulus in the development
of newer and better liver function tests was the search for
a single test to differentiate the many kinds of jaundice.

The

Van den Bergh Test was at first thought to meet this demand (1 ).
Later work on liver function tests and a greater knowledge of
the complex structure and multiple functions of the liver,
however, led to the acknowledgment that a single comprehensive
teat was impossible.

The closest approach to this goal are

procedures testing glycogen storage in the liver, a function
which is closely related to the other metabolic functions of
the liver and the detoxifying mechanism ( 2 ) .
This failure to develop a "miracle" test did not mean the

1.
2.

Ib id ., p. 207.
Loc. cit.
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end of the usefulness of liver function tests.

It was realized

that multiple testa were necessary because of the maiy functions
of the liver as well as its remarkable reserve and reparative
powers.
Researchers went on to develop newer testa which gave
workers an even better knowledge of the physiology of the liver.
A quantitative method of determining bilirubin in the blood,
using the photoelectric colorimeter, was developed by Evelyn
and Malloy in 1937 ( 1 ) ,

The Icterus Index, measuring the

intensity of yellow color in the serum, evolved, as did the
Hippuric Acid Test introduced by duiok in 1936 (2 ), which
measures the detoxifying function of the liver.

Hanger, in

1939, developed the Cephalin-Cholesterol Flocculation Te3t,
based upon the alteration of serum in some liver diseases,(3 ).
The variety and number of tests have increased so rapidly that
today, there are over fifty liver function tests, measuring
every known function and activity of the liver.

Definition and Classification of Liver Function Tests
In defining liver function tests, it is necessary to take
into consideration the various classifications into which the
tests have been divided*

These classifications by different

authorities are as many end varied as the tests themselves.
Perhaps the broadest division made Is the separation of the
tests into those which measure functions that are shared with
1.
2.
3.

Lichtraan, op. ci I.., p. 215.
James S. Simmons and Cleon J. Gentzkow, Laboratory Methods of
the United States Army, Pp. 76. Philole1^ 1^
E5a & FebigeF,
194 6 --- -------Kolnjer, 0£. cit., p . 205.

other organs or upon which other organs exert an influence and
h
x
those which measure functions of the liver alone. Considering
the two above groups,

the best and m03t general d e fin itio n of

liver function tests seems to be that given by Sunderman and
Boerner in their "Normal Values in Clinical Medicine" (1 ):
The term "liver function test" is used in
a broad sense, including procedures directly
dependent upon one or more of the functions of
the liver and other teste based on more remote
effects associated with deranged liver function.
Further subdivision of liver function teats may be made
from several points of vie® (2 ):
1) Physiologic classification referring to the various
metabolic, storage, secretory, excretory, or other
functions of the liver.
2) A classification concerning sensativity and the ability
to reflect physiologic fluctuations for clinical
purposes.
3) Practical classification to be applied in the coor
dinated use of the tests.
It is with the last subdivision that the laboratory is
most concerned, since hepatic tests are more often used as
an aid in clinical diagnosis than function tests involving any
other organ.
Although, as mentioned above, there are over fifty liver
function tests, there are several which are more widely accepted
and generally used than the others.

Each laboratory of course

has its own group, which it runs routinely and upon which its
doctors depend, but in general about twenty tests of the fifty
seem to be most widely used.

I have chosen eighteen of these,

a group which is sensitive enough and wide enough in range to

1.
2.

_ ______ T!s.»*«7Mek
Boerner, Normal
W illi® _ Sunderman
and Frederic
J .T pValues
p I W W = -In Clinical Medicine, Pp. $ 6 • **ew IOIB“
Century Company, In<>.» 194!*V
.
Sobaffner and Popper, oj). ci_*» P*
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give a complete profile of liver function*

These te3ts and

their classifications are as follows:
I*

II.

III.
IV*

V.

Tests Depending Upon the Excretion of Bile
A) Bilirubin (Direct and Indirect)
B) Phosphatase
C) Urine Urobilinogen
Teats Depending Upon the Removal of a Dye From the
Blood
A) Bromsulphthalein Test
Tests Depending Upon Carbohydrate Metabolism
A) Glucose Tolerance Test
Tests Depending Upon Protein Metabolism
A) Total Protein
i. Albumin
i i . Globulin
i i i . Albumin-Globulin Ratio
B) Nonprotein Nitrogen
i. Urea Nitrogen
ii. Creatinine
C) Thymol Turbidity
D) Cephalin-Cholesterol Flocculstion
E) Prothrombin Time
F) Copper Acetate Flocculation
G) Transaminase
Tests Depending Upon Fat Metabolism
A) Cholesterol

Selection of Liver Function Tests
In addition to the regenerative and reserve powers of the
liver, there remain several reasons why a multiplicity of liver
function tests should be performed on each patient.

One such

reason is that any pathological condition of the liver usually
results in a disturbance of several of its functions, and to
varying degrees, so that several tests should be used, each
measuring a different aspect of the liver’ s activity.
reason is the tremendous reserve capacity of the liver.

Another
Liver

tests of some of the liver’s functions will give normal results
even when large amounts of liver tissue are destroyed.

A

third reason for a multiplicity of tests is that almost every
hepatic test shows a record of haring given abnormal results in
normal people with no evidence of hepatic disease, and also

6

normal results in people with clinically proven hepatic diseases.
These unexplained "biologically false positive" and "biologically
false negative" reactions demonstrate most clearly that the
diagnostician must not depend wholly on the results of one
test, but '.ust make an effort to secure a coordinated liver
profile, one which gives a broad outline of the different
processes of the liver and their degree of disturbance.
The many objections leveled against liver function tests
over the years make their selection for diagnostic use a chal
lenge.

Some of t ese objections concern the structure and

functions of the liver, such as the fact that extensive liver
damage must occur before the test3 show impairment of function,
or the fact that the functions of the liver are so numerous that
no single test can give an overall picture of the liver’ s true
condition.

Other objections such as lack of sensitivity concern

the tests themselves.

In apite of these objections, liver

function tests do offer real aid in the evaluation of hepatic
cell function.
Although it is true that the reserve of the liver is large,
shown by the great mount that can be snfely removed surgically,
certain functions are so delicate that only a slight change can
be detected in the laboratory.

The second argument can be

answered by pointing out that several of the tests measure func
tions which become abnormal early in liver disturbance and in
proportion to the amount of disturbance, and thus give a good
quantitative measurment of the degree of dysfunction.

Also the

functions of the liver are so interrelated that a disturbance of
one will surely result in disturbance of others as well.

The sensitivity of the tests has been subject to diverse
claims.

Many "systems" of tests have been proposed, 3ome

intended to give an overall picture of the liver, and others
to point out some particular dysfunction.

In general, the

tests in each system seem to fall into three catagories, most
sensitive, moderately sensitive, and those of low sensitivity.
Sehaffner and Popper (1) give these three catagories plus the
111
;i \
most important uses for the tests in each category;

Sensitive

f
'
..
|i
.
tests are helpful for screening purposes ted for the establishraent of toxic effects of drugs.

V
I
:
The moderately sensitive tests

reflect definite, but not severe liver;damage, assist in the
Pi
&:§!/ M
differential diagnosis of Jaundice, and the mm augment of

hepatic disease.

I

'

The tests in the lev, sensitive group are used

as alarm signals and for prognostic purposes.

i*

Most authorities seem to be in genera], agreement as regards
the sensitivity of the various tests, with the Bilirubin, Bromsulphthalein, and Cephalic Flocculation Teats considered to be
!,i
the most sensitive, while others such as the Prothrombin Time,
Albumin, Cholesterol, and Alkaline Phosphatase Tests are only
moderately sensitive or of help only in certain specific
conditions.

Liver Biopsy as a. Supplement to Liver Funct ion Tests
When dealing with pathological conditions, as one is doing
in evaluating liver function, the histologic demonstration of
these conditions becomes as important, if not more so, than the
corresponding biochemical findings.

Liver biopsy gives the only

actual, accurate infoimation on liver damage, provided the
1.

Sehaffner and Popper, oji,. o i t . ,

p. 664.
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biopsy is done on the area involved.

In the case of a focal

lesion, such as a metastasized tumor, a liver biopsy which
misses the involved site and takes only normal tissue can not
only be valueless, but may give a completely inaccurate picture
of liver conditions.

For this reason liver biopsy done under

direct surgical observation through an abdominal incision with
the liver surface exposed so that the sites of lesions may be
visualized, is the most accurate procedure and will often
provide valuable corroborating material to suppliment lab
oratory findings.
In the second chsgpter of this paper the value of each of
the tests discussed, in certain types of liver disease is
pointed out.

For this reason no attempt has been made here to

select tests for specific pivrposes and only the general value
of liver function tests in the diagnostic appraisal of liver
conditions has been discussed.

However since they do not

reveal the cause of impaired function, or whether the cause
is acute or chronic, they should be regarded only as an
aid to biopsy, autopsy and other clinical findings.

If one

knows the general nature of the pathologic condition, then
liver function tests assume real importance in preoperative and
in postoperative treatment, and in evaluating the degree of
impairment, the effect of medical treatment and the prognosis (1 ).

1.

John G. Meteer, et al., "Liver Function Tests," The Journal
of the American -ledical Association, Vol. 121 (March 6, 1943),
Pp. 723.

CHAPTER II
AN EVALUATION Of UVSR FUNCTION TESTS THROUGH CORRELATION
BETWEEN LABORATORY RESULTS AND AUTOPSY FINDINGS

Introduction
Sine® the clinical picture of liver disease is often con
fusing and many extrahepatic complications may add to the
difficulty of making a clear d i^n o sis , the results of autopsy
findings rather than clinical diagnosis have been used in this
study.

In this way, the exact disease affecting the liver was

known as well as the extent to which the liver was involved.
The case histories of twenty-eight people in whom liver
disease contributed to, or was a direct cause of death, were
used.

Of these twenty-eight, seven were found to have hepatitis

ten cirrhosis, one tuberculosis, and ten a malignant condition,
either metastatic from another part of the body, or primary in
the liver.
Fifteen of the eighteen tests listed on page five will be
discussed in the order in which they appear there.

Three others

the Cholesterol, Creatinine, and Glucose Tolerence Tests were
not done on any of the cases in this study, and thus will not
be included.
Bilirubin
Serum bilirubin is bile pigment formed from the breakdown
of hemoglobin in the reticuloendothelial system and excreted by
the liver into the bile (1 ) ,

Small smounts of bilirubin are

always found normally in the blood cm its way to the liver and
this value varies between 0.£ and 0 .8 mgm* per 100 ml.

1.

Kolmer, oj>. c it., p. 115.

Any
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increase in the serrm concentration of bilirubin produces jaun
dice.

This bilirubin not yet taken up by the hepatic cells is

determined by the Indirect Van den Bergh Reaction ( 1 ) .

Most

diseases causing hepatic cell damage, such as cirrhosis or hep
atitis, as well as ertrahepatic obstruction, cause an increase
of bilirubin in the blood and thus cause a rise in bilirubin
level.

There is also a modified form of bilirubin which, after

it passes through the parenchymal cells of the liver, reacts
more quickly to the Diazo Reaction of Van den Bergh without
treatment with alcohol.

This form of bilirubin is said to give a

Direct Van den Bergh Reaction.

Kormally ~one of the modified

bilirubin is reabsorbed into the blood atid the Direct Van den
Bergh Reaction is negative, but if the normal flow of bile is
obstructed, intrahepatlcally or extrahepatically, the modified
bile is readily reabsorbed by the blood and the Direct Van den
Bergh Reaction is positive.

Case Histories Involving Bilirubin Determinations
Bilirubin determinations were done on nine of the twenty*
eight oases in this study, four with cirrhosis, two with hep
atitis, and three with malignancies.

The results of the

determinations are given in Graph 1.
In eight of the nine cases, the Indirect Bilirubin
Determination was elevated.

In the one case In which it was not

©legated the Direct Bilirubin -ave a strong positive reaction,
thus indicating some form of liver damage present.

The Direct

Bilirubin also gave a positive reaction in eight cases, with the

1.

Sehaffner and Popper, _op. c it .. p. 355.

<2Jr$-p.h.___ L
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Indirect Bilirubin being elevated in the one case having a
negative Direct Bilirubin Reaction.
Thus it is evident that the Bilirubin Determinations are
quite sensitive in detecting jaundice due to liver damage, what
ever the cause.

The bilirubin level often reflects improvment

or increasing severity of the disease course and thus a series
of determinations can be a yardstick to meesure the course of
the disease.

Since the elevation of the bilirubin level depends

on many factors such as the rate of blood destruction, renal
excretion, the disease present, and its severity, a single
determination has little diagnostic value in the differentiation
of types of jaundice (1 ).

Its value lies more in its use as a

screening test or to determine the severity of hepatic disorder.

Icterus Index
Serum bilirubin can be determined by two methods, either
by means of the Van den Bergh Diazo Reaction, or by estimation of
the color of the serum by comparing it with a standard.

The

latter is known as the Icterus Index Determination, and is ex
pressed in arbitrary units.

The normal, due to the bilirubin

in the blood not yet excreted, is from four to six units.

Since

the Bilirubin Determination and the Icterus Index are both
basically measurments of the amount of bilirubin in the blood,
there is a direct relationship between them.

Ihis relationship

of Icterus Index to Bilirubin ia approximately 10 to 1 at lower
levels and is less accurate at higher levels (2 ).

1.
2.

Loc. cit.
Ibid., p. 354.

Thus an Icterus
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Index of 10 roughly corresponds to 1 mgm* of bilirubin per
100 ml* of serum.
The Icterus Index is unable to distinguish between bilirubin
before end after excretion by the liver and thus cannot aid in the
differential diagnosis between hemolytic and obstructive jaundice,
but rather measures the total bilirubin in the blood.

It is the

most certain way of determining latent jaundice and also indicates
the severity and fluctuation of visible jaundice more accurately
than skin or urine examinationsJ( 1 ).

Case Histories Involving loterus Index Determinations
Icterus Index Determinations were done on twenty-two of the
twenty-eight cases in this study, seven with cirrhosis, seven
with hepatitis, and eight with malignancies.

The results ere

shown in Graph 2.
Of the seven cirrhosis cases, the results in all seven were
abnormal, ranging from 7.5 units to 180 units.

The results were

nlso abnormal in all seven of the hepatitis cases, ranging from
15 to 25 units.

In the malignancy group, the results in seven

of the eight determinations done were abnormal, ranging from 10
to 350 units.

In one of these seven cases, the first result

was five units, but subsequent values went up to 100.

The

eighth case, which showed a normal value of 5 units, showed no
jaundice either clinically or upon autopsy.
Two of the seven cases showing abnormal results in the
hepatitis group proved interesting in that one showed a typical

1.

Xolmer, 0£. clt., p. 118.

G r ip h
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jaundice curve with the jaundice occuring suddenly and disappear
ing slowly until death (Graph 3) and other shewing fluctuating
jaundice for several months before death (Graph 4 ) .

Urine Urobilinogen
Urobilinogen in the urine designates a group of colorless
pigment materials formed from bilirubin in the intestine by
bacteria and partially absorbed into the blood stream, from
which much is taken up by the liver and excreted into the
intestine ( 1 ).

Normally only small amounts are excreted in the

urine and a positive reaction in urine diluted 1:20 is considered
normal.

In hepatic cell degeneration urine urobilinogen excre

tion is increased because hepatic cell circulation is interrupted.

Case Histories Involving Urine Urobilinogen Determinations
Urine Urobilinogen determinations were done on three cases
involving malignancies.

Of these, one sas consistently negative,

one was positive in the 1:20 dilution which is normal, and
the third was positive in the 1:100 dilution.

This result was

due to an incomplete obstruction of the common duct by metas
tatic cancer since in an incomplete obstruction, the hepatic
uptake of urobilinogen from the blood stream is interrupted and
the urobilinogen value increases.

In complete obstruction, how

ever, the bile cannot get into the intestine where the urobilin
ogen is formed and excretion of urobilinogen into the urine
stops.
Urine Urobilinogen determinations were also done on two

1.

Schaffner and Popper, 0£. cit.. p. 359,

Dome f o r

.w ...

tJam i>e y o f

Daas
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hepatitis cases and one cirrhosis case.

The results of these

deterrainations are shown in Table I .

TABLE I
RESULTS OF UROBILINOGEN DETERMINATIONS
Result

Disease
1.
2.
3.
4.
5.
6.

Negative
Positive-1:20
Positive-1:100
Negative
Negative
Negative

Cancer
Cancer
Cancer
Hepatitis
Hepatitis
Cirrhosis

In all three of the hepatitis and cirrhosis cases, the
urine was negative for urobilinogen, but positive for bile.
Sine® hepatitis and cirrhosis are both conditions associated
with increased bilirubinuria and increased urinary urobilinogen
excretion, it would seem that the presence of bile in the urine
is a more sensitive indication of hepatic cell damage than the
presence of urobilinogen.

Bromsulphthalein
Sodium phenoltetrabromopthalein sulfonate (Bromsulphthalein)
is taken up by the hepatic cells and excreted in the bile.

Hie

rate of disappearance of Bromsulphthalein from the blood is an
index of the excretory activity of the liver.

Normally there

should be no Bromsulphthalein retained in the blood at the end
of thirty minutes.

The uptake by the hepatic cells depends on two

factors, the efficiency of circulation in the liver and the
functional capacity of the liver cells (1 ).

1,

Ibid., p. 370

Abnormal results
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in hospital control patients occur less frequently than with
any other tests and abnormel results are found in hepatitis
and cirrhosis with great regularity.

Case Histories Involving Bromaulphthalein Deter ln°tlona
Bromsulphthalein Determinations were done on two cases
in the malignancy group, with one resulting in no retention
at the end of thirty minutes and the other having a
retention in thirty minutes.
Six of the tests were done on cirrhosis cases, with five
of them resulting in abnormal retention at the end of thirty
minutes.

The anounts retained ranged from 10,, to 40/a with an

average of 20 > of the dye retained in the blood.

Therefore

the Bromsulphthelein Test may be considered aa quite sensitive
in the determination and diagnosis of cirrhosis and in cirrhosis
without jaundice it may be the only means of laboratory diagnosis.
Although no Bromsulphthalein Determinations were done in
the hepatitis group, this test is considered to be one of the
most sensitive of the function teats for the recognition of
hepatic cell disease and damage.

This test should not be done

on severely jaundiced patients since a too prolonged retention
of the dye in the blood can load to toxic effects.

Alkaline Phosphatase
Blood contains the enzyme phosphatase, which i3 removed from
the blood by the liver and is excreted with the bile.

It is

thus natural to assume that any blockage of or damage to the bile
ducts will lead to retention of phosphatase in the blood.

It

IS

cannot be said with certainty that this i3 the only condition
which causes high alkaline phosph*tase"values in jaundice cases.
It is believed by many authorities that liver cell injury may
also release the enzyme into the blood (1 ).
It has generally been found that in obstructive jaundice,
the alkaline phosphatase level is above normal and in most
instances is markedly raised.

In jaundice due to toxic or

infectious causes, the alkaline phosphatase level is in many
cases normal and in others 01 ly slightly raised, although
occasional high figures do occur.

In hemolytic jaundice there

are no significant increases.

Case IIi3torles Involving Aik el lne Phosphatase Pet era in 'tions
In the two cirrhosis cases upon which determinations were
done, a value of 23.8 King-Armstrong Units (2) was obtained on
a patient with Laennec’ a cirrhosis and marked jaundice.

On a

second patient with cancer of the bile ducts, with extension to
and obstruction of the common duct, a value of 45 King-Armstrong
Units was obtained.

This illustrates the higher readings found

in cases of obstruction as compared with cases of toxic jaundice.
14.1 King-Armstrong Units, a reading only slightly ebove
normal, was reported on the hepatitis patient.
The four patients in the malignancy group, upon which
determinations were done, gave the values shown in Table I I . ( p . 17)

1.
2.

Llchtman, op. clt., p. 244.
A King-Armstrong Unit is the amount of phosphatase which,
acting on an excess of dlsodiumdiphenyl phosphate, at a pH
of 10*8 for 30 minutes at 37°C, liberates 1 mg. of phenol*

1?

TABLE II
RESULTS OF ALKALINE PH03PHATA31 DETERMINATIOSS
ON CANCER PATIENTS
Result

Case liumber

59.0
97.7
23.4 and 14.22
13.86 and 11.43

1.

.

2

3.
4.

Increased alkaline phosphatase may be present in patients
with hepatic metastases in the absence of jeundice, but a normal
phosphatase does not rule out liver metastases.

All four of

the cancer group gave increased values, varying from moderate
rises to one extremely high reading of 97.7 King-Armstrong Units.
This was a casf. of metastatic cancer of the liver with almost
total destruction of the liver cells.

Total Protein. Albumin, Globulin, Albumin-Globulln Ratio
The liver, being the main source of the serum proteins,
influences the level of total serum protein.

Normally the blood

contains a total of 8 to 8 grams of protein per 100 cc., 3.6 to
5.6 gm. of this total is albumin and 1 .3 to 3.2 gm. of it Is
globulin.
2 .5 :1 .

Ihis gives a ratio, known as the A/G Ratio of 1 .5 to

In liver disease, both acute and chronic, hypoproteinenia

is often found, and this decrease in 3erum protein is usually at
the expense of the albumin fraction.

This is true since albumin

is formed only in the hepatic cells, and its drop indicates
impaired hepatocellular function.
However in many cases of liver disease, the total protein
value is not decreased since the drop in serum albumin value is

IS
compensated by a corresponding elevation in ga ma globulin not
produced by the hepatic cells*

The reciprocal behavior of

serum albumin and serum globulin may be due to utilization
of amino acids for gamma glubulin formation.

These amino acids

are in excess because they are not being used by the damaged
liver for albumin synthesis ( 1 ) .

frp.teiji Jte.terntaflUffJML

The fr/G Ratio is reduced in all types of liver diseases
resulting in liver cell damage, especially in cirrhosis with
jaundice.

In acute hepatitis, approximately 30.5# of A/G Ratios

are abnormal, in cirrhosis without jaundice, 55.2# are abnormal,
and in biliary obstruction 23*6# are abnormal t2).
Protein determinations were done on six patients in the
cirrhosis group, with a series of three determinations being
done on one of these patients.

The results are 3hown in

Table I I I .
TABLE III
RESULTS OF PROTEIN DETERMINATIONS
DONE ON CIRRHOSIS CASES
Total Protein Value
1.
2.
3.
4.
5.
6

.

1.
2.

Albumin-Globulin Ratio

6.95
8.60
Normal Value
6 .3 5
6.80
6.8
6 .6
6 .8

Sehaffner and Popper, og. clt., p. 320
Ibid. , p. 322.

1.44/1
0.37/1
Reversed A/G Ratio
e.73/1
1 .3 /1
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As can be seen, the total protein value was normal
in every case, but the A/G Ratio value was abnormal in every
instance.

The two cases of portal cirrhosis most closely ap

proached normal, while the most abnormal wa3 a case of cirrhosis
accompanied by marked jaundice.
In the hepatitis group, determinations were done on four
patients and a series of four done on one of these.

The

results are shown in Table IV.

TABLE IV
RESULTS OF PROTEIN DETERMINATIONS
DONE ON HEPATITIS CASES
Total Protein Value

Album in-Glob\ilin Ratio

1. 6.35
2. 5.50
3. 6.30

.49/1
.89/1

.

4. 5.50
5.40
5.60
6.35

1 2 /1
1.25/1

In this group normal total protein values were found in
only three of the seven determinations done.

Although a nonnal

value was obtained in the fourth patient after three low values,
his A/G Ratio continued to decrease each time and shortly before
death reached a low of *63/1.

Reverse A/G Ratios were also

found in the other two patients having normal total protein
values.

These findings seem to substantiate the theory that

it is the abnormal A/G Ratio, even in the presence of a normal
protein value, rather than a lowered total protein, which is
indicative of liver dysfunction.
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The findings in the nalisnancy group are rnther incon
clusive 3ince metastatic cancer does not seem to have much
effect upon either the albumin or globulin level.

Although

two low total prote n values were obtained in the six tests
done and two abnormal A/G Ratios were obtained, it would 3eem
that these could also have been due to extrinsic factors such
as the nutritional state of the patient or complicating
disorders.

Non-Protein Nitrogen
In most cases of hepatic injury, the blood urea nitrogen
level is increased.

This increase also cuases an increase in

the non-protein nitrogen level which normally is 25-35 mgm.
per 100 ml. Urea nitrogen is the nitrogenous substance that
makes up the largest part of the total non-protein nitrogen
value.

In fact tbe non-protein nitrogen may be even more

elevated than the blood urea nitrogen level because it includes
many other nitrogenous substances.

Two factors account for this

rise: one is increased pr^tei . catabolism resulting in release
of nitrogenous breakdown products into the blood and the other
is impairment of the renal excretion of urea, due to renal
damage often found accompanying hepatic injury (1 ).

Therefore

an elevation in urea nitrogen and non-protein nitrogen values is
often a sign that renal injury has resulted from the hepatic
disorder.
No evaluation of case histories can be made as only two non
protein determinations were done in these twenty-eight cases.

1.

lb id.§ p. 333.
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One was normal, 29 mgm. per 100 m l., and the other W83 only
slig h tly elevated (exact value not known).

Blood Urea Nitrogen
Although as stated above, the blood urea nitrogen level is
often increased in hepatic disease, the results obtained in this
study are not si^iificant, due to the non-specificity of this
test.

There are 25 conditions listed in Kolmer (1 ), ex

clusive of liver involvement, in which the blood urea nitrogen
level is increased.

These include many different types of renal

disease such as acute and chronic nephritis, uremia, and renal
tuberculosis, and many other conditions such as intestinal obstruc
tion, diahrrea, Addison’ s Disease, bums and others.

Therefore,

although nn elevated blood urea nitrogen can often point toward
liver disease, the presence of this elevation does not difinitely
indicate liver dysfunction.

A battery of liver function tests

should be run and if these prove negative, the technician should
look for some other reason for the high blood urea nitrogen level.

Case Histories Involving Blood Urea Nitrogen Determinations
Blood urea nitrogen determinations were run on twelve of the
twenty-eight cases, five in the cirrhosis group, two in the
hepatitis group, and five in the cancer group.

The results are

shown in Graph 5.
Two things become apparent upon studying these figures:
one is consistently high levels obtained on these patients,
twenty-three of thirty individual tests being above normal
limits, and the other is the great variations in values found

1.

Kolmer, og. cit., p. 105.

fte.su. l-ts
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in the same person.

The first factor is best explained by the

fact that although all of these people did have liver trouble,
many of them had other complications as well.

Perhaps in most

of these cases in which the blood urea nitrogen would have been
normal, that is between 10 & 15 mgm. per 100ml., had it been
dependent on the liver alone, there was some other condition
such as vomiting, or intestinal obstruction which also causes
a rise in blood urea nitrogen.

The second factor can be

explained by noting the extreme flexability of the urea nit
rogen level in the blood.

Many things such as the eating of a

high protein meal or excessive perspiration can cause a marked
increase in the urea nitrogen level within a short tine.
Thus the chief value of the urea nitrogen level seems to
lie in the determination of the possibility that renal injury
has resulted as a result of the hepatic injury after the hepatic
injury has been diagnosed by means of other more specific hepatic
tests.
Thymol Turbidity
In doing work on serum colloidal gold reactions, it was
noted that the thymol used to preserve one of the buffers, a
barbitone solution, produced a turbidity with certain sera (1 ).
Later work showed that this turbidity was due to the precipitation
of globulin by thymol in patients with liver disease.

Albumin

exerts a stabilizing influence on the relationship between the

1.

Llchtman, 0£ . c i t . ,

p. 295.
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serum proteins end thymol turbidity, and the albumin of persons
with hepatitis is less stable than the albumin of normal
persons ( 1 ) .

This is why the thymol turbidity value is so

greatly increased in cases of infectious hepatitis#

Because

the thymol turbidity determinations often remain elevated in
chronic low grade hepatitis and may show carrier states of the
disease, it is a useful screening test especially in blood banks.
Abnormal values are found in cirrhosis with Jaundice while in
cirrhosis without Jaundice, only slight elevations or normal
values are often found.

Cage Histories Involving Thymol Turbidity Determinations
Thymol turbidity determinations were done on only five of
the cases in this study, too few a number to make any evaluation.
The results are shown in Table V.

TABLE 7
THE RESULTS OF THYMOL TURBIDITY DETERMINATIONS (a)
Disease

Result

1. Cirrhosis
2. Cirrhosis
3. Cirrhosis

5 units
2 units
8 units

4. Cancer
5. Hepatitis

0 and 5 units
15 units

a. The Thymol Turbidity Unit corresponds to the
Kingsbury-Clarke Standards for the quantitative
estimation of urinary albumin.

1.

Sehaffner and Popper, op. cit. , p. 328.
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No observations can be made except to say that of the four
tests done in the non-hepatitis groups, three were normal
between 0 and 5 units, the fourth was only slightly elevated,
while the one done in the hepatitis group was significantlyelevated*

Cephalln-Cholesterol glocculation
The cephalin-cholesterol flocculation test determines the
stability of a cephalin-cholesterol emulsion following dilution
in serum (1)*

Increased amounts of gamma globulin reduce the

stability of the mixture, whereas albumin and alpha globulin
exert a stabilizing effect against flocculation.

Since the

cephalin flocculation does not always simply mirror the AAl
Ratio, the flocculation probably arises more from a change in
the flocculation properties of the albumin than from an actual
qualitative change.

A reduction of the alpha globulin fraction,

which also inhibits flocculation, early in hepatic disease,
probably is the reason for the abnormal results found so quickly.
This phenomenon is found especially in hepatitis in which the
cephalin flucculation becomes abnormal*
Although flocculation is rarely found within twenty-four
hours in a normal person, a few people may show a 1 plus
flocculation in forty-eight hours*

In this survey a 1 plus reaction

in forty-eight hours in considered normal, although a 1 plus
reaction in twenty-four hours must be considered as an abnormal
result*

1*

Ibid ., p. 326.
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In acute hepatitis, abnormal results are found in a very high
percentage of cases.

In a table prep-red by Shaefffcar and Popper

and several other authorities, the percentage of abnormal results
in patients with acute hepatitis was 84.4# (1 ), while Pohle
and Stewart found that 95# of patients with hepatitis or focal
lesions gave abnormal cephalin flocculation results (2 ).

Case Histories Involving Cephalin Flocculation Determinations
Only one cephalin flocculation determination was done on a
patient with hepatitis and this gave a 4 plus flocculation in twentyfour hours.

It is noted that two cephalin flocculation deter

minations done on a patient with tuberculosis of the liver and
chronic pa sive congestion gave results of 2 plus in forty-eight
hours the first time and 3 plus flocculation in forty-eight hours
several days later.

It is interesting to wonder which of these

conditions caused the abnormal results, as both often cause
flocculation.
Cephalin Flocculation determinations were done on nine persons
in the cirrhosis group with the results as follows in Table 71.
(p. 26 )
Abnormal results were found in seven of these cases, aith
five of than giving a 4 plus flocculation in twenty-four hours
although one case did this only on the fourth determination.
Abnormal results are found more often in cirrhosis with jaundice,
1.
2.

Ibid.. p. 327.
Llchtman, og. cit.. p. 293.
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TABLE VI
THE RESULTS 0? CEPHALIN FLOCCULATION
DETK'iMINATIONS
DONS ON CIRRHOSIS CASES
Case Number
1.
1.
2.
3.
4.
5.
6.
7.
8.
9.

24 Hours
2 plus
4 plus
4 plus

48 Hours
2 plus

1 plus

4 plus
4 plus
negative
4 plus
4 plus
negative
Z plus

2
2
1
4

2 plus
2 plus
1 plus
4 plU3

negat ive
4 plus
4 plus
negative
plus
plus
plus
plus

than in cirrhosis without Jaundice*

..anger and Patek (1941)

after studying forty cases of cirrhosis concluded that a
negative reaction does not always exclude the diagnosis of
cirrhosis (1 ), while Schaffner and Popper say that results are
abnormal in only about half the cases of cirrhosis without
Jaundice (2 ).

It is interesting to note that in both cases

where the cephalin flocculation was negative, the primary cause
of the patient’ s death was cancer and not cirrhosis, although
cirrhosis was present.

This would not seem to be consistant

as many cases with cancer metastases also often show abnormal
results, but perhaps the cancer produced only focal lesions,
with not enough hepatocellular degeneration to produce abnormal
results.

1.
2.

Loc. cit.
Schaffner and Popper, og. cit.. p. 327.
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Testa were run on five people in the cancer group with four
giving abnormal results and one person giving noimal results on
two of the three tests run on him.

The third test gave only 1

plus flocculation in forty-eight hours.

The results ere shown

in Table V II.

TABLE VII
THE RESULTS OF CEPHALIN FLOCCULATION
DETERMINATIONS
DONE ON CANCER PATIENTS
Case Numbers
1.

24 Hours
1 plus
4 plus
negat ive
1 plus
2 plus
4 plus
negative
1 plus
negative

2.
3.
4.
5.

48 Hours
2 plus
4 plus
2 plus
1 plus
2 plus
4 plus
1 plus
1 plus
negat iva

Authorities disagree on the results obtained in cancer
patients.

Lichtman says that in metastatic cancer of the liver

negative flocculation is usually obtained unless the process is
extensive, while in primary cancer, positive results are usually
obtained (1 ) .

Sehaffner and Popper say that cephalin flocculation

is commonly abnormal with hepatic tumor metastases (2 ) .

The

results obtained in this study would seem to indicate that ab
normal results occur quite frequently although the degree of
flocculation is not as intensive as that obtained in cirrhosis
or hepatitis.
Prothrombin Tine
Prothrombin is a serum protein produced by hepatic cells and
1.
2.

Lichtman, op. cit. f p. 295.
Sehaffner and Popper, .sp. cit. f p. 327.
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is an essential factor in blood coagulation.

The coagulation

mechanise may be expressed by means of a two step equation (1 ):
Prothronbin 4* Thromboplastin I- calcuim z thrombin
Fibrinogen + thrombin a fibrin
The formation of prothrombin is dependent on two factors,
Vitamin K intake and the ability of the liver to utilize this
vitamin in prothrombin formation.
In hepatic cell damage, the prothrombin time, that is the
length of time it takes the patient’ s plasma to form a clot after
the addition of excess thromboplastin and calcium, as compared
with a normal control, is often reduced.

This is not because of

a lack of Vitamin K but rather to a failure of the hepatic cells to
utilize this Vitamin K and form prothrombin.
The patient’ s prothrombin time is expressed as a percentage of
normal and a nornal prothrombin time would be between 90 and 100$.
There is a wide disagreement among authorities as to what con
stitutes an abnormal prothrombin time and the degree of this
abnormality.

Some say that activity below SO% is abnormal and

reduction below 40$ may be associated with bleeding (2 ).

Another

source states that the range between 65 and 30$ is moderate im
pairment of blood coagulation, and severe impairment lies below
this range (3 ).

1.
2.
3.

Lichtman, og. cit.. p. 300.
0£. .oliu, p . 336.
Lichtman, og. cit., p. 303*

Schaffner and Popper,
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A reduction in prothrombin activity is especially associated
with cirrhosis.

71.4$ of a group of cirrhotic patients in one

survey gave abnormal results, with a percent of 63.

40.8# of

hepatic patients also gave abnormal results with a mean percent of
80 (1 ).
In a normal person with a lowered prothrombin time, for example,
a cardiac patient upon which an anticoagulant was used, the response
to an injection of Vitamin £ ia striking, with a rapid return to
normal prothrombin tine v°lue.
response is poor.

In hepatitis and cirrhosis, the

Urns it ia possible to use this response as an

indication of the state of the liver.

However, many errors and

irregularities such ns inadequate absorption and individual
differences in response, impair the accuraoy of this test.

Case Histories Involving Prothrombin Determinations
Prothrombin determinations were done on sixteen cases, eight
in the cirrhosis group, five in the hepatitis group, and three in
the cancer group.

The results are shown in graph 6.

Results were below normal in four of the cirrhotic patients,
with two of them being only slightly below the lower normal limit
and the other two being severely reduced, 44 and 63$ respectively.
Results were below normal in t«o of the three cancer patients,
one being fairly consistent around 80$ and the other showing a
drastic drop f r m 90 to 67 p as liver damage increased.
In the hepatitis grot® normal results were obtained in two
1.

Sehaffner and Popper, eg. cit., p. 336.
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of the five cases tested, slight reduction was found in one
case and severe reduction seen in the other two.
that an interesting cese can be seen*

It is here

This patient suffered from

focal hepatitis and maintained a definitely lowered, fairly
consistent prothrombin level, ranging frora 54 to 7 8 ^

over a

period of several months*
Although the measurrcent of prothrombin activity would seem
to be an ideal measurment of hepatic cell degeneration, the
normal results found in all three types of liver cell dam^e
decrease its value.

Many of the same factors impairing the accuracy

of the prothrorabin response test also apply to the simple pro
thrombin time, and its value in the diagnosis of liver dysfunction
is debated by many.

Schaeffher and Popper say the results are

many times inconsistent ( l ) f while Lichtman says it would seem
unwise to accept the prothrombin level alone as a measure of
hepatic function (2 ),

Copper Acetate Flocculation Test
The flocculation or turbidity testa are a series of non
specific serum tests which have a co

on physiological principle,

an alteration of the solubility of various serura colloids under
properly adjusted conditions.

Tnree different types of tests

are described ( 3 ) .

1.
2.

Ibid., p. 337.
Lichtman, ojg. cit.. p. 304.

3.

Sehaffner and Popper, op, cit., p. 323.
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1) Modifications of salting-out procedures which change
internal ionisation of proteins, such as game globulin
or distilled water turbidity tests.
2) Formation of insoluble protein co^plezes with electro
negative colloids, with adherence of protein to particle
\
surfaces, as in the colloidal gold test; to etallic salts,
as in zinc sulfate turbidity test; or to organic
compounds, as in the thymol turbidity test.
3) Testin the stability of enulsions which readily precipitate,
and in doing so combine with gamma globulin, as in the
cephalin-cholesterol flocculation test.
In all non-specific serum protein reactions, both precipitating
and stabilizing factors are at work.

Each of the flocculation tests

is dependent on one main factor, the reduced stability of serum in
the presence of increased gamma globulin, which is found in
patients with hepatic disease.

On the other hand, alpha globulin

is thought to be a stabilizing factor and disappears early in
acute hepatic failure ( 1 ) .

%

This would lead to decreased stability

and flocculation would result.
The number of these tests is rapidly increasing since a
number of different substances and conditions may be used to change
the stability of the serum colloids.

The newest of these is the

Copper Acetate Turbidity Test, which falls into the 3©cond catagory
described above, in that an insoluble protein co plex is formed
throu h the adherence of the protein to a metallic salt, copper
acetate.
It is a simple test, requiring only the addition of diluted
copter acetate stock reagent to a small amount of serum.

A neg

ative reaction gives a clear or opalescent solution without flocculation,
while a positive reaction results in turbidity.

The degree of

reaction is reported in the same mannfi1* S3 Cephalin Flocculation
1.

Ibid., p. 331.
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Testa, in grades from 1 plus to 4 plu3.

A five minute rending

is repoted, and a final reading made after twenty-four hours.
According to the originators, the test is useful in follow
ing cases of infectious hepatitis, in children, while in cases of
portal cirrhosis, the results parallel those obtained with
Thymol Turbidity and Cephalin Flocculation Tests (1 ).

Case Histories Involving Copper Acetate Determinations
A series of eight Copper Acetate Tests were done on patients
suffering from liver disease.

The results are shown in Table V III.

TABLE V III
RESULTS OF COPPER ACETATE DETER INATIONS
Cephalin Flocculation

Disease

24 Hour
1 plus
Hepatitis
Cirrhosis (let) 3 plus
Cirrhosis (let) 3 plus
Cirrhosis (Sit. 3 plus
let)
3 plu3
Cirrhosis (No
let)
Cirrhosis (Mkd. 2 plus
let)
Cancer
Stone

(let) 2 plus

Copper Acetate

48 Hour

24 Hour

3
3
4
4

4
4
3
2

plus
plus
plus
plus

plus
plus
plus
plus

48 Hour
4
4
4
3

plus
plus
plus
plus

4 plus

2 plus

3 plus

2 plus

3 plus

4 plus

4 plus

negative negative
negative negative

Cephalin Flocculation Tests were also done in conjunction with these.
In five of the eight determinations, positive results were
obtained.

It is interesting to note that all five of these patients

were cirrhotic*

There seems to be some degree of correlation

between the degree of Icterus present and the degree of flocculation

1.

A. Sellek and A. Frade, "The Copper Acetate Flocculation Test,"
Revista Cubana de Laborator o Jlinico, Vol. 11 (Jan., 1956).
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produced.

The three patients with moderate to marked Icterus

gave 3 plus - 4 plus, or 4 plus - 4 plus reactions, while one
other with only slight Icterus and anot er with no Icterus gave
only 2 plus - 3 plus flocculation.
Although only one teat was done on a patient suffering from
hepatitis, it seems to follow the criteria set up by t’ e orig
inators, who cite its usefulness in hepatitis as bein;? limited
only to children.
There see s to be little or no parallis”- between the
Cephalin Flocculation and Copper Acetate Tests, since the Ceph
alin Flocculation Test gave positive results in two cases in which
the Copper Acetate was negative.

The results obtained in cirrhosis

do parallel those obtained in Cephplin Flocculation Test3 fairly
well, although the Copper Acetate Test seems to be slightly more
sensitive in determining the amount of Icterus.

Transaminase Determinations
Transaminase determinations fall into the category of
"£nzyme Chemistry" which, day b
part of physiological chemistry.

day, is becoming a more important
Although human serum contains

many transaminases, two of the most com ionly determined are
Serum Gluta~ic Oxaloacetic Transaminase (SGO-T) and Serum
Glutnmic Pyruvic Transaminase (SGP-T).
SGO-T catalyes the reaction (1 ):
'etogluta/'rbc-t' /.“ Aspartate — ? Gluta~ate

Oxalacetate

while

1. "Sigma Chemical Co pany Bulletin ,r500, revised June 1, 1957,
A Simplified Method for the Clinical Detei’mination of 3G0-T
and SGP-T," p. 1.

SGP-T catalyses the reaction:

°( Xetoglutarate *-i-Alanine -^Glutamate -+ Pyruvate
SGO-T is widely distributed in human tissue and it3 greatest
concentration has been found in heart, muscle, skeletal muscle,
brain, liver and kidney (1 )*
La Due, ^roblewski, and Karmen (2) reasoned that a tissue
showing acute necrosis should liberate some of its enzymes which
should then appear in the serum.
this necrosis.

They chose 3G0-T to reflect

Since heart and liver show by far the greatest amount

of SGO-T, 156,000 units per gran and 142,000 units per gram,
respectively (3 ), it was reasoned that this test would be a good
sensitive tool in indicating myocardial infarction and liver necrosis.
tfroblewski and co-workers (4) found that the serum of normal
person averages 22 unit^

per s i, with a range of 8 to 40 units.

This range is considered by most authorities and the Sigma
Chemical Company, who originated a standard colorimetric method
for SGO-T Determinations (5 ), to contain all normal values.
The normal range for the SGP-T Determinations roughly parallels
the SGO-T as shown in Table IX ( p .35) until necrosis and in
farction levels are reached.

1.
2.
3.
4.
5.

Felix Wroblew3ki, et a l., "The Diagnostic Significance of Serum
Glutamic OxaloacetTUT TFansaminase Alterations in Acute Hepatitis,"
Annals of Internal Medicine, Vol. 45 (liov., 1956), pp. 782-800.
David Seligaqn, "Serum Iron and Transaninase in the Differential
Cagfiosls or Jaundice," The ./.edical Clinics of North America,
(Nov., 1957), pp. 1631-7.
tfrobler.’3ki, at a l., op cit., p, 782.
3eligson, op. cit., p. 1633.
Sigma Chemical Company Bulletin #505, op. cit., p. 2.
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TABLE IX
SIGNIFICANCE OF TRANSAMINASE VALUES
Diagnosis

SGO-T

SGP-T

Normal Values

8-40

5-35

Borderline

40-50

35-45

P03t Infarction

40-200

40-100

Liver Necrosis

To 2000

Over 100

A SGO-T of 200 ia still in the infarction range, while
any SGP-T value over 100 ia indicative of liver necrosis.
Since increased values are found in both myocardial
infarction and liver necrosis, it is important to establish the
results which each disease produce.

In one study, 318 deter

minations were done on 112 hospital patients, 50 of whom had
myocardial infarctions (1 ).

The range of increased levels in

the myocardial infarction patients was 46 to 299 units, with
only two determinations beina higher than 200 units, One was
2 ® units and one 299 units.

This is in close agreement with

the originators of the test, who give post infarction values
of 40 to 200 units.
Although the heart contains approximately as much trans
aminase per gram as the liver, it is only about one-tenth the
we ght of the 1jver, so tbe liver contains a total of roughly ten
times as much transaminase as does tbe heart.

Thus, complete

necrosis of the liver releases approximately ten times more trans
aminase into the serum than a severe myocardial Infarction.

1.

John R. Walsh, et_ a l., "Serum Transaminase in Pulmonary
Disease and Multiple Infarctions," Annals of Internal
Liedicine, Vol. 46 (June, 1957). pp. llofe-11.

These facts are the basis of the differential diagnosis of myo
cardial infarction and l ;ver necrosis*

Values go much higher,

up to 2,000 units, and beyond, in severe cases of liver necrosis,
while in myocardial infarction, the level rarely goes above 200 units.
Although there are relatively large amounts of SGP-T, also,
in heart and liver tissue, a greater amount is found in the liver,
44,000 units, than in the heart, 7,100 units.

This has led to

the observation that SGP-T might be a more specific index of
liver cell damage than t G0-T because of the more selective
concentration of SGP-T in liver Tissue (1)#

Also, since the

amount of SGP-T in heart muscle is so small, myocardial necrosis
might be followed by only a small increase in SGP-T*
Wroblewski and La Due (2) made a study of the effects of
cirrhosis and infectious hepatitis on SGO-T and SGP-T levels*
In all patients with infectious hepatitis, the peak and serial
values of SGO-T activity was normal and in the remainder it
varied from 40 units to 120 units.

In all eight the SGO-T activity

was abnormal, ranging from 52 to 146 units*
Thus, acute liver cell injury results in an increase of
SGP-T activity over corresponding SGO-T activity, while in
cirrhosis, the increase in SGP-T is usually les3 in magnitude
than that of SGO-T*

1*

Felix vVroblewslci and John LeDue, "SGP-T in Hepatic Disease:
A Preliminary Heport," Annals of Internal Medicine* Vol. 45
(Nov., 1956), pp. 801-11.
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Case Histories Involving Trans gainaae Determinations
SGO-T determinations were done on five patients suffering
from myocardial infarction.

The results are given in Tablex,

TABLE X
RESULTS OF SGO-T DETERMINATIONS DONE
ON MYOCARDIAL INFARCTION CASES
Case Number

Result

1.

78

2.

160

3*

On

4.

150 and 78

5.

87

These values are all within the range given for myocardial
infarction and would be indicative of this condition.

The accuracy

of the SGO-T in confirming a diagnosis of myocardial infarction,
even when the electrocardiogram was doubtful, has been efficiently
demonstrated (1) although it has also been shown that the SGO-T
level will reach a peak about twenty-four hours after the onset
of pain, and will then quickly subside to normal within twentyfour to seventy-two botirs more.
Transaminase determinations were done on two patients
suffering from infectious hepatitis.

In one no SGP-T value was

obtained, but the SGO-T value was 1,020 units.

In the second,

the typical reversed ratio of SGP-T was seen with a SGO-T value of
5Z&- T

1,060 units and a SGP-T value of 1,130 units.

1.

Murray Chinsky, et a l., "Serum Transa inase Activity,"
Journal of Laboratory and Clinical Medicine, Vol. 47 ( Jan., 19.%),
pp. 108-18.
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Chinsky and eo-workers say that the fact that hile contains
approximately 2,000 units of tansaminase per ml. may suggest
that bile i3 a normal route of excretion of this enzyme, and
that this would explain the elevation of serum transaminase in
obstruction without necrosis (1)*
Ifte last case of interest upon which a transaminase determin
ation was done, was that of a woman who has had over three-quarters
of a million cc. of ascitic fluid removed*
she gives a 3GP-T value of only SO units.

In spite of this
This is excellent

proof that it is possible to have cirrhosis without necrosis.

1.

Ib id ., p. 115.

CHAPTER I II
SU

ARY AND CONCLUSIONS

Because of the multiplicity and inportance of the functions
of the liver, an accurate knowledge of the part e«ich liver function
test plays in the diagnosis of liver disease is important.

Today

it is known that no single liver function test can give an
accurate picture of the condition of the liver.

Rather, a

coordinated series of tests should be e ^ployed, each neasurlng
a different type of function.

However, the sensitivity of each

test and the use for which it is most valuable, must also be
considered.

Liver biopsy, properly done under direct surgical

observation, i3 a valuable means of supplementing information
received through

he doing of liver function tests.

The results of fifteen of the more important liver function
tests, obtained from the case histories and autopsy reports of
twenty-ei^ht peopl* who died of liver disease, were evaluated and
the following conclusions reached:
1)

The Bilirubin determination is very sensitive in de
tecting jaundice, but has little value in the diff
erentiation of types of jaundice.

It is of moat value

as a screening test.
2)

The Icterus Index Test is «lso quite sensitive in
detecting jaundice.

The results obtained on hepatitis

cases, although abnormal in every instance, seem to be
lower than those obtained in either of the other two
jsroups.

This test is valuable in indicating the cause

of liver disease and severity of the accompanying Jaundice.
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3)

Urine Urobilinogen determinations are quite sensitive
in detecting incomplete obstruction, but in hepatitis
and cirrhosis, the presence of bile in the urine, rather
than urobilinogen, is a sensitive indication of
hepntic cell damage.

4)

Increased Bromsulphthalein rentention is a good indication
Of cirrhosis, with the results being abnormal in almost
every instance.

No significant results were obtained

in the malignancy ^roup end no determinations were done
in the hepatitis group.
5)

Alkaline Phosphatase values are higher in obstructive
Jaundice than in toxic jaundice, and may also reach
extreme highs in cancer cases.

This test seems to be

quite sensitive in cancer cases, the result of the
determination roughly paralleling the amount of liver
cell destruction.
6)

I d cirrhosis cases, it is the A /6 ratio rather than the
total protein value which reflects the abnormal condition.
In hepatitis, there is more of a tendency toward lowered
total protein values, although the lowered

a

still most indicative of liver dysfunction.

/ 6 ratio is
Cancer does

not seem to have any particular effect on either the
albumin or globulin level.
7)

No conclusions can be reached as to the part Non-Protein
Nitrogen determinations play in the detection of liver
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disease, since the test was one on only two eases in
this study,
8)

Because of the non-specificity of Blood Urea Nitrogen
determinations, they should be combined with other
liver function tests.

In the detection of liver disease

their chief value lies in determining the possibility
that renal injury has resulted from hepatic injury.
9)

Too few Thy~>ol Turbidity determinations were done to
reach any def nite conclusions, but a significantly
elevated result was obtained in a hapatitis case.

10)

The only Cephalin Flocculation determination done on a
hepatitis case gave a 4 plus reaction in twenty-four
hours which is c nsistent with the high percentage of
abnormal results found by most authorities in hepatitis.
Although abnormal results are not found as often in
cirrhosis as they are in hepatitis, this study showed
abnormal results in seven of nine cases.

In the two

instances in which cancer accompanied by cirrhosis
was the cause of death, the results were negative*
Abnormal values were found frequently in cancer cases,
with not quite as extensive flocculation as that found
in cirrhosis or hepatitis.
11)

The normal Prothrombin Time vnlues found in all three
types of liver disease decrease its value in the diag
nosis of liver disease.

Many extrahepatic factors can

interfere with the results obtained, although occasionally
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a patient will show a consistently lowered value over
a long period of tine.
12)

The Copper Acetate Test seems to he a sensitive indication
of cirrhosis, with the degree of flocculation paralleling
the degree of Icterus.

There is little or no correl

ation between the Cephalin Flocculation Test and the
Copper Acetate Test except in cirrhosis.
13)

SGO-T determinations are very helpful in the diagnosis
of myocardial infarction, if the specimin is collected

* *

' i

L T

V

approximately twenty-four hours after the onset of pain,
since the value rapidly decreases thereafter.
SGP-T values are

"

a reversed
. ■
.
hepatitis.

Increased

ore specific for liver necrosis and

3GP-T ratio Is diagnostic of infectious
I '|
SGG-iT
1 '
h
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