
HYPERPROTHROMBINEMIA INDUCED BY VITAMIN K IN HUMAN

SUBJECTS WITH NORMAL LIVER FUNCTION

By PAUL N. UNGER, M.D.4 AND SHEPARD SHAPIRO, M.D.

H YPERPROTHROMBINEMIA, as determined by reduction of prothrombin

time below the range of normalcy, has been observed in man in cases of

intravascular thrombosis and in animals after the administration of vitamin K.’-9

The present study was undertaken to learn whether it is possible to induce hyper-

prothrombinemia in human subjects with normal liver function by the adminis-

tration of large doses of menadione derivatives.

MATERIAL

Thirty-eight persons were studied. Students, house oflicers, and nurses made up

zi of the group. The remaining 17 were patients in whom liver function was nor-

mal. These were almost all cases of essential hypertension uncomplicated by cir-

culatory or renal failure. All showed normal prothrombin time on repeated ex-

aminations. One case had amyloidosis in which a previous survey had yielded

changes in prothrombin time pertinent to the present investigation. The data

recorded below were obtained more recently.

METHOD OF PROTHROMBIN ASSAY

The procedure used was that described in earlier communications of the series.’ 8

It includes estimation of the prothrombin time of whole and diluted (11.5 per

cent) plasma. For reasons given below, in ii of the cases the prothrombin time of

8 per cent plasma was estimated. Venous blood was used exclusively. Each sample

was freshly drawn and the plasma maintained in the water bath at � C for ap-

proximately fifteen minutes before the prothrombin time was estimated. All esti-

mations were made in duplicate. The thromboplastin was prepared by vacuum

desiccation of fresh rabbit lung. The end point was determined by lifting the clot,

the instant it formed, away from the otherwise clear liquid by means of a tiny

loop made of no. 2.2. nichrome wire.

PROCEDURE

The existing value of prothrombin time was established. Following this,

synthetic vitamin K in the form of Hykinone* (Abbott) or Synkayvitet (Hoffmann-

LaRoche) was administered by intravenous injection, and the prothrombin time

was estimated daily for at least three succeeding days. In the cases in which no

changes were detected, the experiment was continued for at least five days. Changes

occurred in the diluted plasma prothrombin estimations only, and consequently

the data presented below are confined to these figures.

From the Third (New York University) Division, Goldwater Memorial Hospital, Welfare Island,

New York 17, and the Department of Mcdicine, New York University, College of Medicine, New York.

* Hykinonc = 2.-methyl,-I , 4 naphthohydroquinone sodium bisulfite.

f Synkayvite = 2. methyl-i , 4 naphthohydroquinone diphosphoric acid ester tetrasodium salt.

� Present address, Miami B:ach, Florida.
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138 VITAMIN K AND HYPERPROTHROMBINEMIA

RESULTS

The data of the two groups are given below. In the first are i� representative

cases in which the ii.� per cent plasma was studied and in the second are 7 sub-

jects in which the 8 per cent plasma showed significant reduction of the prothrom-

bin time after vitamin K medication.

The prothrombin clotting time was first estimated before the administration of

the vitamin K preparation. When more than one figure was obtained, the arithmetic

average of these figures was used. All were within the normal range. Prothrombin

time estimations were made following the injection of the water soluble vitamin

K preparaticn. The lowest prothrcmbin time after the injections was used to

calculate the effect.

TABLE I

Prothrombin Time S.D. S.F.,,,

I. Before vitamin K

II. Lowest after vitamin K

III. 48 hours after last dose

Sec.

40.13

36.13

39.2.5

±2.92.

±2.68

±1.96

±0.75

±0.69

±0.76

S.D. = standard deviation

S.E.m = standard error of the mean

TABLE 2.

Difference SE. Duff. CR.

landIl 4.00 ±1.01 3.9

land III o.88 ±1.07 o.8

II and 111 3.12. ±1.02. 3.2.

Difference = difference between means of each group

S.E. Duff. = standard error of the difference

C.R. = critical ratio

The mean, standard deviation and the standard error of the mean were calculated

for each group of figures. The difference between the mean of each group and the

reliability of these differences was also calculated.

INTERPRETATION OF STATISTICS

The difference between the means of group I and II and of groups II and III

is statistically reliable. From this we may conclude that there is less than one

chance in a thousand that the difference is due to chance.

The difference between the means of groups I and III is not statistically reliable.

It is concluded that the effect of the administration of synthetic vitamin K

was to reduce the prothrombin time significantly to the level of hyperprothrom-

binemia.

One advantage in using diluted plasma is to amplify the changes which occur.
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* Hykinone = 2.-methyl-I , � napthohydroquinone sodium bisulfite.

TABLE 3

‘39

Case No. Day Intravenous Medication

I I

2.

3

4

sec.

45

41

37

44

Hykinone* 2.0 mg.

Hykinone 2.0mg.

2. I

2.

3
4

39.4

39.0

39.5
41.3

Hykinone 2.0 mg.

Hykinone 2.0 mg.

3 I

2.

3

4

39.0

2.9.0

35.0

37.5

Hykinone 2.0 mg.

Hykinone 10 mg.

4 1

2.

3

4

5
6

41.0

39.0

41.1

36.2.

39.0

41.5

Hykinonc 2.0 mg.

S I

2.

3

4

5

40.0

39.0

31.0

30.0

39.0

Hykinone 2.0 mg.

Hykinone 2.0 mg.

6 I

2.

�

3

4
5

39.2.

37.5

37.0

37.0

38.5

Hykinone 2.0mg.

Hykinone 2.0 mg.
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140 VITAMIN K AND HYPERPROTHROMBINEMIA

TABLE 3 (Continued)

Case No, Day D�PIasa Intravenous Medication

7 I

2.

3

4

5

sec.

41.6

45.0

40.8

43.8

41.5

Synkayvitc* 76 mg.

Synkayvitc 76mg.

8 I

2.

3

4

5

4I.4

41.8

40.4

36.4

37.8

Synkayvitc 76 mg.

Synkayvite 76 mg.

9 I

2.

3

4

5

35.0

37.2.

33.8

37’S

37.4

Synkayvite 76 mg.

Synkayvite 76mg.

10 1

2.

3

4

5

38.8

42.0

37.2.

36.4

44.2.

Synkayvite 76 mg.

Synkayvite 76 mg.

11 I

2.

3

4
5

40.0

35.2.

36.2.

35.0

36.0

Synkayvite 76 mg.

12. I 40.0

2. 36.5

3 354

4 40.4

Synkayvite 76mg.

* Synkayvite = 2.-methyl-I , 4 napthohydroquinone diphosphoric acid ester sodium salt.
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TABLE 3 (Concluded)

Prothrombin Time of
Case No. Day Diluted (12.5%) Plasma Intravenous Medication

13 I

2.

3

4

Sec.

40.8

43.8

39.0

39.0

Synkayvite 76 mg.

14 I

2.

3

4

5

44.0

35.4

35.0

31.8

43.8

Synkayvite 76mg.

15 I

2.

3

4

39.2.

40.4

34.2.

41.4

Synkayvite 76 mg.

When the prothrombin time of whole plasma is estimated, clotting occurs so

rapidly that fine alterations are obliterated. The dilution of 11.5 per cent has been

used because it has been found by experience that it is highly sensitive, and be-

cause the end point in this dilution remains clearly discernible even in the presence

of hypoprothrombinemia, such as is encountered after dicumarol medication

and in liver disease. Dilution beyond 11.5 per cent and to 8 per cent, although ade-

quate in normal plasma, has been found to be generally unsatisfactory when the

prothrombin time is prolonged. In the present series we studied blood plasma of

normal or accelerated prothrombin activity. Consequently the dilution of 8

per cent was used to amplify the changes in prothrombin time to a degree greater

than that demonstrated in 11.5 per cent plasma. The end point in each case was

clearly detectable.

Eleven subjects were given the treatment described above and changes in 8 per

cent plasma noted. Seven yielded significant reduction of the prothrombin time

while the remaining 4 showed no alteration in the prothrombin values. A statis-

tical analysis of these data follows.

The data were divided into two groups. Group I consisted of the times required

for clotting before the administration of vitamin K. Group II was the lowest

prothrombin times after the antihemorrhagic quinone was given.

Since the group consists of only 7 cases, the data were treated differently from

the series in which 11.5 per cent plasma was studied. The analysis of variance
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141 VITAMIN K AND HYPERPROTHROMBINEMIA

method was used to compare the groups and the t value was calculated.’#{176} The

formula used was:

(� - m)

where m is the hypothesized mean difference between the groups, i� the obtained

difference between the groups, S the standard deviation of the mean difference, and

N the number of cases. We make the initial assumption that there is no differ-

TABLE 4

Case No.

i

Day

I

2.

3
4

Protl�r�m�in Time of
Intravenous Medication

sec.

63.9

6i.o

57.0

49.0

Synkayvite*76mg.

Synkayvite 76mg.

2. I

2.

3

4

74.3

74.1

64.4

47.7

Synkayvite 76 mg.

Synkayvite 76 mg.

3 ,

2.

3

4

71.0

64.0

56.o

48.6

Synkayvite 76mg.

Synkayvite 76mg.

Synkayvite 76mg.

4 I

2.

3

71.4

59.9

54.0

Synkayvite 76mg.

Synkayvite 76 mg.

i

2.

3

�8.o

52..o

47

Synkayvite 76mg.

Synkayvitez52.rng.

6 i

2.

3

6z .0

�8.o

49.0

Synkayvite 76 mg.

Synkayvitcl52.mg.

7 i

2.

3

54.0

46.0

Synkayvite 76mg.

Synkayvite 76mg.

* Synkayvite = 2.-methyl-I ,4 napthohydroquinone diphosphoric acid ester tetrasodium salt’

ence between the two groups (Null Hypothesis).” In that case, the hypothesized

mean of the difference (m) would be zero. The x value is obtained by summing the

difference between the individual cases in group I and group II and dividing by
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Case No.

‘43

RESULTS

the number of cases. The standard deviation of the mean so obtained is calculated

in the usual way.

Group I Group II Diff.

63.9 49.0 14.8

2. 74.3 47.7 2.6.6

3 71.0 48.6 2.1.4

4 71.4 54.0 17.4

�8.o 47.0 11.0

6 6,.o 48.0 13.0

7 � 46.0 10.5

MeanD1ff, = 16.53

5Diff. = 9.66

t = 4.5

Table I: Calculating the t value to compare the difference between time required

for clotting before and after the administration of vitamin K. The t value obtained

was compared to the value of t at the i per cent level cf confidence for 6 de-

grees of freedom.’2 The obtained t value of the � per cent level was 3.707, and this

latter would be expected to occur only once in a hundred samples if m really were

equal to zero difference between the two groups.

The null hypothesis in this group of observations must be abandoned. The

difference between the two groups is highly significant at the i per cent level of

confidence.

The literature reflects a total lack of appreciation of the difference between

changes in the hyper range and those occurring in the direction of hypoprothrom-

binemia. To illustrate this, the following diagram is presented.

CONCLUSIONS

DIscUssIoN

Seconds

�

75.

6�-

55.

45.

Hypoprothrombinemina

(Unlimited)

Normal Range 12. �% Plasma

3s-

2.5-

15_

5-

Hyperprothrombinemia

(Limited)

0-
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144 VITAMIN K AND HYPERPROTHROMBINEMIA

Reduction in prothrombin time below the normal range (hyperprothrom-

binemia) meets with resistance of increasing magnitude as it progresses. Opposed

to this is the prolongation of the prothrombin time, which proceeds with greater

and greater ease as the degree of hypoprothrombinemia becomes more extensive.

For example, a small dose of dicumarol will extend the prothrombin time from the

hypoprothrombinemia level of sixty to eighty seconds, whereas a large dose is

requi’red to increase it from the original normal of forty seconds to sixty seconds.

In contrast to this, it requires an agent of high potency to reduce the prothrombin

time from the normal of forty to the hyperprothrombinemia level of thirty-six

seconds, and to decrease it further meets with resistance of such proportions that

it is accomplished with the greatest difficulty. Obviously, it is difficult to reproduce

these changes by using methods of prothrombin estimation which employ whole

plasma because clotting occurs so speedily that the fine changes are obliterated.

Only by amplifying the differences by plasma dilutions can these changes, signifi-

cant despite their relatively low magnitude, be detected.

It is impDrtant to note the difference in the pattern of hyperprothrombinemia

as it arises spontaneously in certain clinical conditions (thrombosis, frost-bite,

gangrene) and that induced by vitamin K. The clinical form continues for extended

periods, whereas that induced by the antihemorrhagic substance is ephemeral.

It appears that an additional mechanism enters the process when intravascular

coagulation takes place, and it suggests at least a partial explanation for the

tendency to multiple thrombosis.

It is not known whether or not in man other components of the blood which

enter into the mechanism of coagulation vary in like manner after the giving of

vitamin K. Work is now in progress in this laboratory to learn whether the fibrino-

gen and the thrombocytes alter under these conditions. It has been our experience

in man that when we employed human fibrinogen in a concentration of o.� per cent

as a diluent in place of normal isotonic saline that the values obtained, especially

when diluted plasma was studied, were highly variable in normal as well as in

pathological cases. Our original technic at the same time yielded results in serial

estimations which varied within a very narrow range. In any event, if our subse-
quent findings reveal changes in the companion components of the coagulation

system after vitamin K, then the present conception of the role of vitamin K will

have to be extended.’3

It is our belief that the behavior of the prothrombin-producing mechanism as

revealed by the data presented in this communication is an expression of functional

limitation and not a mathematical difficulty of depression to zero. The apparent

resistance to lowering of the prothrombin time of the plasma below the existing

resting level by experimental means should be viewed as a characteristic of this

function of the liver. We have observed identical behavior in prothrombin de-

ficiency states also. Thus, in the hypoprothrombinemia accompanying cirrhosis

of the liver, serial estimations of prothrombin time have been demonstrated to be

remarkably constant within narrow limits over periods of many weeks. Further-

more, when the prothrombin activity was altered by experimental means in these

cases, the prothrombin time returned to approximately the initial value when
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PAUL N. UNGER AND SHEPARD SHAPIRO 145

recovery occurred.6 The indications seem to be that the liver delivers its maximum

supply of prothrombin under the prevailing conditions, and that when the tempo

can be accelerated at all it continues at the new rate for transitory periods only.

It is noteworthy that the changes in the direction of hyperprothrombinemia

occurred in only about half of the cases, despite the fact that all exhibited normal

resting levels of prothrombin activity. The mechanism suggested is that vitamin

K activates a substrate, and that variations in the capacity of different livers to

store this substrate might account for the different responses indicated above.

The greater magnitude of the change exhibited by increased dilution of the 8

per cent plasma as compared with 11.5 per cent supports our contention that the

shift in the direction of hyperprothrombinemia is functional and not an apparent

change produced by mathematical manipulation of the data.

CONCLUSIONS

Reduction of the prothrombin time of diluted (11.5 per cent and 8 per cent)

plasma below normal occurred in man with normal liver function following paren-

teral administration of large doses of menadione derivatives. In each case, where

the increase was demonstrable, it continued for transitory periods only, lasting

twenty-four to forty-eight hours.*
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