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There are a multiplicity of tests for liver func-
tions, each depending upon a particular function
of the liver. There has been growing recognition
that the response in prothrombin time to the ad-
ministration of vitamin K is of aid in the evalua-
tion of hepatic function. The procedures hereto-
fore employed to estimate the prothrombin re-
sponse have lacked uniformity and, as a conse-
quence, conflicting opinions of its significance and
reliability have been expressed. Need exists for
further study in both normal and abnormal sub-
jects, and comparison with other liver function
tests to establish its status as an index of at least
1 particular function of the liver. The present
study deals with a standardized, sensitive method
for the estimation of the prothrombin response to
the administration of vitamin K. Our results show
that the ability to maintain a normal prothrombin
level is a function of the liver apt to be affected be-
fore others are sufficiently disturbed to permit
clinical detection. For this reason, the response
of the liver in prothrombin production to the par-
enteral administration of large doses of synthetic
vitamin K is a sensitive indicator of hepatic
function.

The use of plasma prothrombin levels as an in-
dicator of the ability of the liver to elaborate pro-
thrombin was originally studied by Stewart and
Rourke (1) and pursued subsequently by numer-
ous investigators, (2 to 5), all of whom employed
whole plasma for prothrombin assay. Warner,
Brinkhous and Smith (6) in dogs and Pohle and
Stewart (3) in man, introduced the response of
depressed production levels to orally administered

'Aided by grants from the Blood Transfusion Associ-
ation of NewYork and the Hoffman-La Roche Company.

vitamin K derivatives as a test of liver function.
They demonstrated that the prothrombin level
sometimes failed to return to normal after the in-
gestion of vitamin K. In a few cases, the pro-
thrombin level became even further reduced fol-
lowing the vitamin K ingestion. The results of
these studies need reinvestigation in the light of
recent findings that the prothrombin assay tech-
niques utilized were not sufficiently sensitive to
detect fine alterations (7, 8).

In diseases such as biliary obstruction or diar-
rhea interfering with the absorption of vitamin K,
it cannot be easily decided whether an accompany-
ing hypoprothrombinemia is referable to liver in-
sufficiency or to failure to absorb the vitamin.
Kark and Souter (9) showed that patients with
hepatic disease having prothrombin deficiency are
not able to increase their prothrombin level to
normal following parenteral administration of 2-
methyl-1, 4-naphthoquinone. This was demon-
strated, also, by Andrus and Lord (10) using 2
mgm. doses of the substance intramuscularly, and
by Seligman, Hurwitz and co-workers (4) using
10 to 20 mgm. doses intravenously of synthetic
vitamin K or the sodium salt of its sulphuric ester.
It is interesting to note that although Seligman
and Hurwitz (4) failed to comment on it, some
of their patients with liver disease also exhibited
further reduction in the prothrombin level after
the medication. In these studies, also, the fact that
the methods used were, for the most part, too in-
sensitive to reveal alterations in plasma prothrom-
bin levels of low magnitude needs emphasis (7,
8).

Introduction of the diluted (12.5 per cent)
plasma method of estimation of prothrombin time
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greatly increased the sensitivity of the procedure
(7, 8). Subsequently, Shapiro and Richards
(11, 12) reported on the plasma prothrombin
levels and the response to parenteral administra-
tion of synthetic vitamin K (Hykinone) in liver
disease using this procedure. In experiments on
dogs, in which liver damage had been produced
by the administration of CC14, it was found that
the prothrombin level of the diluted (12.5 per
cent) plasma was at least as frequently an indi-
cator of hepatic disturbance as bromsulphalein
retention. Their studies of 23 cases of liver dis-
ease in man, revealed moderate or marked reduc-
tion of the resting prothrombin level in 20 cases
in which the reduced prothrombin level failed to
return to normal following the intravenous ad-
ministration of Hykinone. In some cases, more-
over, a temporary reduction of a previously nor-
mal prothrombin level to abnormal levels occurred.
In other patients, further depression of a previ-
ously low prothrombin level occurred.

The present study, presented in its earlier stages
before the New York Pathological Society (13),
is an extension of the study of Shapiro and
Richards (11, 12) embodying the principle of im-
posing a load on the liver by the parenteral ad-
ministration of large doses of vitamin K. It is
the same principle that is utilized in other liver
function tests such as bromsulphalein retention,
bilirubin clearance, glucose tolerance, and galac-
tose tolerance tests. This reaction to injection of
vitamin K is correlated in patients with hepatic
disease and in normal controls with the results of
other liver function tests and liver biopsy or post-
mortem findings wherever possible. Evidence is
presented that the sensitivity of this test for a
specific known physiologic function of the liver
makes its incorporation into a battery of liver
function tests highly desirable.

PROCEDURE

The resting level of prothrombin was obtained by the
diluted (12.5 per cent) plasma method on several days
prior to, and on the day of the initial intravenous admin-
istration of synthetic vitamin K (Tetrasodium 2-methyl-1,
4-naphthohydroquinone diphosphoric acid ester (Synkay-
vite] 2). Normal plasma prothrombin time of diluted
(12.5 per cent) plasma was 39.5 seconds + 2.5 seconds

2 Synkayvite supplied by Hoffman-La Roche Company,
Nutley, N. J.

(7, 8). Whole plasma prothrombin times, estimated
simultaneously, are not reported in the present study be-
cause the methods lack sensitivity and fail to eliminate the
effect of natural anticoagulants and interfering substances,
and because the results were not of adequate significance.
At the beginning of the investigation, 38 mgm. of synthetic
vitamin K (Synkayvite) was given intravenously on 4
successive days after the resting level had been deter-
mined. Later in the study, the daily dose was increased
to 76 mgm. of Synkayvite. This is the dose now used.
The prothrombin time was then estimated daily during
the course of the test period and for several days follow-
ing the last dose of vitamin K. Estimations were made
in duplicate and preferably on freshly drawn fasting sam-
ples. Lipemic plasmas interfere with the accuracy of the
prothrombin estimation (14).

In all subjects the results of the vitamin K tolerance
test were correlated wherever feasible with bromsulphalein
retention, cholesterol and esters, albumin and globulin,
cephalin flocculation, icteric index and Van den Pergh
reaction. There were 2 periods during the course of this
study when bromsulphalein was withdrawn from use for
investigation by the manufacturers, because of marked
reactions which followed its administration. No un-
toward reaction to the dose of Synkayvite employed ap-
peared in any of the subjects studied.

The methods used in performing the other liver func-
tion tests in this study were standard procedures. The
bromsulphalein tests were made by administering 5 mgm.
of bromsulphalein per kilogram of body weight, and
taking a 5- and 30-minute blood specimen. Any retention
of over 10 per cent bromsulphalein at the end of %hour
was considered abnormal. The cholesterol and ester de-
terminations were made using the Bloor technique.
Cephalin flocculation tests were performed using Difco
Cephalin and reading at the end of 24 and 48 hours.

RESULTS

One hundred and thirteen tests were made on
110 individuals. Of these, 47 vitamin K tolerance
tests were interpreted as negative, 9 doubtful and
57 positive.

Negative tests: A negative test is defined as one
in which there is either: (Figure 1A) no signifi-
cant rise in the prothrombin time from a previ-
ously normal resting level (i.e., all values remain
within the normal range) following the administra-
tion of test doses of synthetic vitamin K, (B) a
return of prothrombin time from hypoprothrom-
binemic levels to normal levels, (C) a reduction
in prothrombin time from normal levels to hyper-
prothrombinemic levels. In the negative series
the resting level was usually 42 seconds or less, and
the maximum prothrombin time reached during
the test was 45 seconds or less with return toward
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NEGATIVE TESTS
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FIG. 1. THREETYPES OF NEGATIVE TESTS

Curve A remains within the normal range throughout the period of the test. Curve B: initial hypoprothrombinemia
with restoration to normal after administration of vitamin K. This is typical of nutritional vitamin K deficiency.
Curve C: temporary hyperprothrombinemia after the large doses of vitamin K.

the resting level of the prothrombin time follow-
ing the completion of the test. Of the 47 nega-
tive cases 35 started with resting prothrombin
times of 42 seconds or less. Twelve cases started
with resting times higher than 42 seconds which
responded promptly to the parenteral administra-
tion of vitamin K by restoration to normal. This
is the typical response seen in vitamin K deficiency
states.

Positive tests: A positive test is defined as one
in which there is either (Figure 2A and B) a fail-
ure to lower an abnormally prolonged prothrombin
time to normal limits during the test period, (C)
a further elevation of an already prolonged pro-
thrombin time, or (D) a transient rise in pro-
thrombin time, from a previously normal value
to more than 47 seconds in one or more deter-
minations during the test period.

Out of 57, 11 cases started with normal resting

prothrombin times (12.5 per cent plasma), and 46
started with abnormal prothrombin times.

In all of these patients, the vitamin K tolerance
test was positive. If the resting prothrombin time
had been used alone as a test for liver function,
20 per cent of the cases would have been inter-
preted as showing no impairment in the hepatic
function.

Furthermore some patients with prolonged pre-
testing times due to deficiency states may have no
impairment of liver function. It is realized that it
is a somewhat arbitrary limit for bio-assay tech-
nique to establish the dividing point between nor-
mal and abnormal responses to the administration
of vitamin K at 45 seconds. For this reason, a
certain degree of flexibility should be followed in
interpreting results several seconds over 45 until
further experience shows that this level is com-
pletely justifiable. Results between 45 and 47
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POSITIVE TESTS
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FIG. 2. PosIrIVE TESTS

Curve A: initial hypoprothrombinemia with partial restoration toward normal following vitamin K administration
followed by further prolongation beyond the resting level. Curve B: initial hypoprothrombinemia unaltered by vita-
min K. Curve C reveals further extension of prothrombin time promptly following vitamin K administration. Curve
D: normal resting level of prothrombin followed by temporary hypoprothrombinemia after vitamin K administration
and eventual restoration to normal.

seconds have therefore been classified as doubtful.
The type of response to parenteral administra-

tion of vitamin K and/or its degree has not been
used to date as an aid in judging prognosis.

ANALYSIS OF RESULTS

The cases have been arranged from the view-
point of the presence or absence of liver' disease
on the basis of the clinical diagnosis. Cases 1
through 36 include a group of subjects, with vary-
ing diagnoses, none of whom showed any clinical
evidence of liver disease. The maximum pro-
thrombin time reached during the course of the
test did not exceed 45 seconds in any of the
patients in this group. Two cases, one with a
maximum prothrombin time of 44.8 and the other
with a maximum prothrombin time of 45.0, were
classified as doubtful. Neither of these 2 cases

showed abnormal BSP retention. In the remain-
ing 34 cases in this group of 36 patients, the vi-
tamin K tolerance test yielded results interpreted
as negative. Bromsulphalein retention was tested
in 29 of these cases, with less than 10 per cent re-
tention after %hour in 25 cases, and 10 per cent
or more in 4 cases. In the 4 cases where more
than 10 per cent of the injected BSPwas retained,
the largest amount retained was 14 per cent.
None of these 4 cases showed clinical evidence of
liver disease.

Cases 37 through 48 consist of a group of pa-
tients where the maximum prothrombin time
reached during the test also did not exceed 45
seconds. The results of the vitamin K tolerance
test were interpreted as negative in these 12. In-
cluded in this group was 1 patient who showed
cardiac cirrhosis on postmortem examination. The
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BSP retention and cephalin flocculation tests were
normal. Two patients in this group have amy-
loidosis and both showed negative BSP retention
and cephalin flocculation. Another case showed,
on postmortem examination, a carcinoma of the
tail of the pancreas with a small number of me-
tastases to the liver, too insignificant to have inter-
fered with hepatic function. The BSP retention
test was negative, and the cephalin flocculation
test was 2 plus. One case was believed to have a
fatty liver. This patient showed 14 per cent BSP
retention after 1/2 hour, a 4-plus cephalin floccula-
tion test and a negative vitamin K tolerance test.
This is the only instance in this group of 12 pa-
tients where the vitamin K tolerance test was nega-
tive despite clinical evidence of liver disease as
revealed by other liver function tests. One case,
despite the absence of clinical evidence of liver
disease, showed an abnormal BSP retention, a
cephalin flocculation of 2 plus and a negative vita-
min K tolerance test. In summary, in this group
of 12 patients, there were 5 with clinical evidence of
liver disease in all of whomthe vitamin K tolerance
test was negative. In only 1 of these 5 could any
evidence of impaired liver function be found using
other liver function tests. It seems quite reason-
able to assume that the patient with a small amount
of metastases to the liver had no impairment of
hepatic function. The lack of evidence of impair-
ment of hepatic function in the 2 patients with
amyloidosis is not unusual for this disease.

Cases 49 through 56 include a group of 8 cases
in whom the maximum prothrombin time reached
during the test ranged from 45 to 47 seconds.
The vitamin K tolerance test has been interpreted
as doubtful in this group, though there is reason
to believe from the clinical diagnoses that the re-
sults of the vitamin K tolerance test probably be-
long in the positive group. It is apparent that a
dividing line between positive and negative vitamin
K tolerance tests establishes itself somewhere
within the range of 45 to 47 seconds. For the
present, until more data are collected, we will
interpret results that fall within this range as
doubtful and requiring further investigation.
There were 5 cases in this group of 8 patients
where there was definite clinical evidence of liver
disease with positive BSP tests in 2 of the 5 cases.
Two others showed 3-plus cephalin flocculations.

The remainder of the patients, cases 57 to 113,

all showed maximum prothrombin times exceeding
47 seconds. There were 7 patients with maxi-
mumprothrombin times ranging from 48.2 to 49.4
seconds. Four of these patients have unequivocal
clinical evidence of liver disease. Of the remaining
3 cases, 1 was a patient with chronic congestive
failure and persistent hepatomegaly; another was
a patient with pernicious anemia; the third was a
patient in whom no clinical evidence of liver dis-
ease was apparent but who showed both positive
BSP and Vitamin K tolerance tests.

Cases 64 through 99 include a group of 36 cases
in whomthe maximum prothrombin time reached
during the vitamin K tolerance test ranged from
50 to 60 seconds. Twenty-six of the patients in
this group showed definite clinical evidence of
liver disease. The remaining 10 patients had
no evidence of specific liver disease. Five were
severely anemic; 1 suffered from nutritional de-
ficiencies with moderate anemia; and 3 showed no
clinical evidence whatsoever of liver disease but
were over 75 years of age. The finding of im-
paired liver function in the aged in the absence of
clinical evidence of any specific type of hepatic
disease has been reported previously (15). The
remaining patient was a member of the hospital
staff who was studied for control purposes, and
in whom the results of vitamin K tolerance test
were abnormal on 2 separate occasions. There
was no history of any type of liver disease in this
subject although he had served recently in the
armed forces in areas where infectious hepatitis
was epidemic. The only positive clinical finding
was enlargement of the liver, palpable 2 fingers
below the costal margin. All other liver function
tests were negative, though the icteric index was
11.2 units. Weconsider this as a false positive
vitamin K tolerance test.

The last group of 14 patients (cases 100 through
113) include those in whom the maximum pro-
thrombin times reached during the course of the
test ranged from 60 to 155 seconds. All of these
cases disclosed definite clinical evidence of liver
disease.

In summary, the 113 cases in whomthe vitamin
K tolerance test was correlated with clinical find-
ings and other liver function tests showed the fol-
lowing (Figure 3): Of 43 cases with no clinical
evidence of liver disease, the vitamin K tolerance
test was interpreted as negative in 42 and doubt-
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In 43 cases without liver disease, none yielded a positive result in the vitamin K tolerance test;
in 56 cases with hepatic disease only 5 showed a negative result, and in 18 of these cases in
which biopsy studies established the presence of hepatic disease, no negative results were ob-
tained. The results of the vitamin K tolerance tests are correlated with bromsulphalein retention
and cephalin cholesterol flocculation.

ful in 1. In 34 of these cases where BSP reten-
tion was tested, 30 showed negative and 4 posi-
tive BSP tests. There were 14 other cases with-
out evidence of any specific liver disease. Thir-
teen of these had conditions known to be associated
with impaired liver function and 1 subject had
no demonstrable disease. The vitamin K toler-
ance test was positive in 12 and doubtful in 2 of
these 14 subjects. BSP retention was tested in 11
of these cases with 4 positive and 7 negative re-
sults. There were 56 cases with clinical evidence
of liver disease, 45 of which showed positive, 6
doubtful and 5 negative vitamin K tolerance tests.
BSP retention was tested in 42 of these cases with
20 positive and 22 negative results. Of the 5 cases
with clinical evidence of liver disease and negative
vitamin K tolerance tests, 3 had diseases which
do not commonly result in impaired liver function
(amyloidosis and small hepatic metastases), 1 with
a fatty liver which may be associated with im-
paired liver function, and the remaining case with
a disease (cardiac cirrhosis) which may or may
not affect liver function. BSPretention was tested

in all 5 of these cases with 4 negative and 1 posi-
tive result. From the foregoing analysis of this
group of cases it appears that the vitamin K toler-
ance test exhibits excellent correlation with other
clinical findings indicative of impaired liver func-
tion referable to various causes.

Analysis of cases with postmortem, biopsy, or
operative findings

It was possible also to correlate the results
of liver function tests, including the vitamin K
tolerance test, with biopsy, postmortem, or opera-
tive findings in 24 cases (Figure 3).

In summary, 18 of the 24 cases yielded evidence
from tissue study of liver disease. Sixteen of
these cases showed a positive and 2 a doubtful
vitamin K tolerance test. Thirteen of these 18
cases in which bromsulphalein retention was tested
yielded 8 positive and 5 negative results. Four of
the 24 patients in whom examination of liver tis-
sue was possible showed no histological evidence of
liver disease. In all 4, vitamin K tolerance and
BSP tests were both negative. In the remaining

44



VITAMIN K TOLERANCETEST

2 cases, 1 of amyloidosis and 1 of cardiac cirrhosis,
vitamin K tolerance and BSP tests were both nega-
tive. One case, of Simmonds' disease, is worthy
of special comment because of the bizarre nature of
the response of the prothrombin level to the
parenteral administration of vitamin K (Syn-
kayvite). This patient started with a prolonged
resting prothrombin time which returned slowly
over a course of 10 days to normal values.

The cephalin-cholesterol flocculation test was
performed on 22 patients. Among these there
were 17 who showed pathological evidence of liver
disease. In 5 the cephalin-cholesterol flocculation
test was less than 2 plus, and in 12 it was 2 plus
or over. In the 5 cases who exhibited both nega-
tive vitamin K tolerance and BSPtests, there were
3 cases which showed no pathological evidence
of liver disease, but yielded a 2 plus cephalin-
cholesterol flocculation test. In 1 case with cardiac
cirrhosis, and 1 with amyloidosis, the cephalin-
cholesterol flocculation test was negative.

From this review of cases where pathological
examination of the liver was obtained, the vitamin
K tolerance test appears to be a reliable indicator
of hepatic disease and impaired hepatic function.

DISCUSSION

Test of hepatic function as an aid in the diag-
nosis and prognosis of liver disease is perhaps
best served by the use of a number of liver func-
tion tests. This is inherent in the fact that the
liver serves many functions, has great reserve and
regenerative ability (16 to 20). Neefe (19, 20)
states that the thymol turbidity, cephalin floccula-
tion, and the colloidal gold tests are the most sen-
sitive indicators of persistent hepatic dysfunction
in cases of infectious hepatitis. Unfoi-tunately,
plasma prothrombin levels after vitamin K ad-
ministration were not done. Since the thymol
turbidity and cephalin flocculation tests depend
upon the presence of beta and gamma globulins,
respectively (21), serum protein changes without
hepatic cellular involvement may give rise to posi-
tive tests.

Neefe and Rheingold (20) found in infectious
hepatitis that bromsulphalein retention and bili-
rubinuria were usually the first tests to indicate
early preicteric' hepatitis. The results of the brom-
sulphalein test are believed to depend upon involve-
ment of the polygonal cells of the liver. This test

appears to be of value in the diagnosis of many
forms of liver disease. Several factors, however,
tend to diminish the reliability of this test. First,
bromsulphalein is excreted through the bile pas-
sages; hence any lesions, extrinsic or intrinsic,
producing biliary tract obstruction will delay the
excretion of the dye from the blood stream
whether or not it is associated with impaired liver
function. Secondly, in conditions of circulatory
stasis where complete mixing of injected dye oc-
curs slowly, BSP retention may be abnormal due
to circulatory factors rather than hepatic dys-
function. Thirdly, bromsulphalein is a substance
foreign to the metabolism of the body. The test-
ing of a normal physiological function would ap-
pear to be more desirable.

In the evaluation of any liver function test, its
specificity for measuring a particular function is
often as important as its reliability and sensitivity.
On the basis of the material studied and the analysis
of results, the vitamin K tolerance test appears to
be a sensitive index of the ability of the liver to pro-
duce prothrombin. The results suggest, further,
that this function moves parallel with, and is one
of the more delicate indicators of, the general
functional state of the liver. In certain instances
it is more sensitive than the bromsulphalein reten-
tion test. The test has also the distinct advantage
that it measures a function which apparently re-
sides only in liver tissue. Prothrombin production
is also disturbed in vitamin K (nutritional) de-
ficiency but these cases respond readily to the
parenteral administration of vitamin K by return
of low plasma prothrombin levels to normal.
There may be a shift in other components con-
cerned in the clotting mechanism at the same time
that prothrombin production becomes reduced. As
far as fibrinogen is concerned (22) preliminary
studied's (23) indicate that it does not play a role
in the changes in prothrombin time elicited by
the single-stage technique as employed in the
present study in liver disease. Further investiga-
tion of the problem is in progress in this labora-
tory and will be reported.

The further depression of the prothrombin level,
or activity following the parenteral administration
of large doses of vitamin K, suggests that in the
cases of hepatic disease studied, the liver appears
to be functioning at its maximum capacity under
the prevailing conditions. The demonstrated
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striking sensitivity of the mechanism suggests that
the hepatic reserve for this function is less than
that of other known and measurable liver func-
tions. The prolongation of prothrombin time
observed after the administration of large doses
of vitamin K in liver disease may occur either
because of inadequate production of the substrate
with which vitamin K combines, or the utilization
of this substrate in an abnormal manner and con-
sequent interference with the production of pro-
thrombin. This would reduce the substrate avail-
able for prothrombin elaboration. As soon as the
substrate is replenished the resting level of pro-
thrombin becomes reestablished.

If the liver stores vitamin K, it seems logical
to assume that in hepatic disease this capacity be-
comes reduced. The normal liver would use its
vitamin K stores as needed, restore its supply as
needed and thus maintain the prothrombin ac-
tivity at a constant level.

Whatever the mechanism, the sudden influx of
a large quantity of vitamin K may tend to acceler-
ate prothrombin production. This is well demon-
strated in some normal subjects in which a tem-
porary hyperprothrombinemia occurs following
the injection of vitamin K derivatives in large
doses (24). The response of a diseased liver to
such stimulation might be reflected in an ex-
haustion phenomenon with consequent prolonga-
tion of the prothrombin time. It is noteworthy
that this reaction had been observed in only a cer-
tain proportion of persons examined. Some re-
tain a fixed level of prothrombin despite adminis-
tration of massive doses of vitamin K. This is
true of normals as well as cases of liver disease.

In all cases in which existing hypoprothrom-
binemia was exaggerated by large doses of vitamin
K, the phenomenon was transitory, lasting only
24 to 48 hours. Nevertheless, it is suggested that
in patients with hepatic disease in whom the pro-
thrombin time is already prolonged, that if vita-
min K is used, a small dose be given with repeti-
tion only where the prothrombin time does not
further increase. It is particularly important
where hemorrhage has occurred recently, or where
the tendency to bleed is present. The only manner
in which prothrombin activity can be augmented
in such cases is by means of transfusion, preferably
of whole, fresh blood, or possibly by administration

of frozen plasma (6). None of the cases in our
series exhibited bleeding phenomena.

Although our results indicate that the vitamin
K tolerance test shows a high degree of sensitivity
for detecting slight degrees of hepatic functional
impairment, the test cannot serve alone to estab-
lish the presence or absence of liver disease. It
should be correlated with all other means of clini-
cal examination and appropriate function tests to
form an inventory, so to speak, of the state of the
liver. The value of biopsy study, particularly in
doubtful cases, cannot be overestimated as con-
firmatory evidence.

It is not yet clear that a particular type of re-
sponse is of prognostic value. Repeated tests in
the same patient, in a large series of cases over
an extended period of time, and after different
types of therapy, may help determine this impor-
tant point. The simplicity of performance of the
vitamin K tolerance test permits its application
on a large scale.

SUMMARYAND CONCLUSIONS

1. A standardized vitamin K tolerance test esti-
mating the prothrombin response to the parenteral
administration of large test doses of vitamin K has
been used.

2. In a series of 57 cases without clinical evi-
dence of liver disease, and 56 cases with clinical
evidence of liver disease, the results have been cor-
related with other liver function tests. Twenty-
four of the 113 cases had morphologic study of the
liver.

3. The vitamin K tolerance test exhibits ex-
cellent correlation with other clinical findings
indicative of impaired liver function referable to
various causes.

4. The vitamin K tolerance test was found to
be a sensitive indicator of hepatic function.

5. This test is one of considerable sensitivity for
measuring the hepatic function of prothrombin
formation and can serve as a good index of the
presence or absence of hepatic disease.

The thromboplastin used in these studies was supplied
by the Maltine Co., Brooklyn, N. Y.
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