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T he effec t o f  in tram u scu la r ly  an d  o ra lly  g iven  v itam in  K , o n  p ro 
th ro m b in -com plex  a c tiv ity  (Q uick-value) a n d  on  th e  ac tiv ity  o f fa c to rs  I I ,  
V  an d  V II  h a s  been in v es tig a ted  in  15 ch ild ren  w ith  congenita l c y a n o tic  
h e a r t  disease. O ral a d m in is tra tio n  p roved  ineffec tive , w hereas p a re n te ra lly  
g iven  v ita m in  К  caused sign ifican t in creases in  p ro th rcm b in -ccm p lex  a c 
t iv ity  an d  in  th e  level o f  fac to rs  I I  and  V II , in  th e  m a jo rity  o f cases. I t  h a s  
been  concluded th a t  th e  haem orrhag ic  d iso rd e rs  found  in  some o f  th e  c h ’l- 
d ren  w ith  congen ita l cy an o tic  h e a r t disease, m a y  be ascribed to  a  red u ced  
a b so rp tio n  o f  v itam in  К  an d /o r to  im paired  liv e r function .

The tendency to bleeding of pa
tients with congenital cyanotic heart 
disease, associated with hypoxaemia 
and secondary polyglobulia has been 
well established. The bleeding ten
dency has been attributed to various 
factors such as thrombocytopenia 
[14], a reduced blood level of clott
ing factors [4] or the increased fi
brinolytic activity of blood [5].

A lower level of clotting factors 
may result either from decreased 
production or increased consumption. 
The question whether the haemor
rhagic disturbance of these patients 
is a consumption coagulation defect, 
has been a matter of dispute [3, 5]. 
Our previous studies have answered 
this question partly in the positive. 
Although intravascular clotting de
creases the platelet count, extensive

studies have revealed that a low ac
tivity of clotting factors may be 
associated with normal platelet 
counts which is incompatible with the 
consumption theory. The assump
tion of a disturbance in clotting fac
tor synthesis seems therefore plaus
ible. This may result either from (i) 
vitamin К  deficiency, caused a) by 
the insufficient production of this 
vitamin by the intestinal flora, or 
b )  by a disturbance in its absorption, 
or, else, (ii) from liver damage. The 
present study has been designed to 
determine the relative importance 
of the above factors.

M a t e r i a l

F if te en  ch ild ren , aged 3 to  14 y ea rs , 
w ere invo lved  in  th e  experim en ts. T h e y  
a ll h ad  c y a n o tic  congenita l h e a rt d isease ,
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a  n o rm a l p la te le t c o u n t (over 160.000 per 
cu .m m ) an d  su b n o rm al o r  n ea rly  norm al 
v a lu e s  fo r p ro th ro m b in -co m p lex  ac tiv ity  
(Q u ick -va lue) and  fo r fa c to r  I I ,  V and  V II . 
R o u tin e  lab o ra to ry  fin d in g s  d id  n o t sug
g e s t  a n y  im p a irm en t o f  liv e r  function ; 
s c ru m  p ro te in  level a n d  com position , se
r u m  b iliru b in , th y m o l tu r b id i ty  and  SGOT 
a c t iv i ty  w ere w ith in  th e  n o rm a l range. 
T h e  h a e m a to c rit w as b e tw een  64 an d  81% . 
D u r in g  th e  period o f  o b se rv a tio n  th e  p a 
t i e n ts  w ere g iven no d ru g s  in te rfe rin g  w ith  
b lo o d  c lo ttin g  (an tib io tics , su lphonam ides, 
e tc .) .  N o  signs suggestive  o f  haem orrhage 
o r  th ro m b o sis  could be  d e te c te d .

T e n  children  aged  from  4 to  10 years 
w ith  congen ita l n o n -cy an o tic  h e a rt disease 
se rv e d  as  controls. T h ey  received  no  d rug  
th e r a p y ,  and  th e i r  la b o ra to ry  find ings 
in d ic a te d  norm al h aem a to lo g ic  conditions 
a n d  liv er function .

M e t h o d

(i) T he effect o f  in tra m u sc u la r ly  given 
v i ta m in  К  w as assessed a f te r  th e  ad m in 

is tr a t io n  o f  5 — 8 m g o f v ita m in  K j  da ily  
fo r tw o  days, in  b o th  g roups .

(ii) T he  effect o f  o ra lly  ad m in is te red  
v i ta m in  К  was stud ied  a f te r  th e  ch ild ren  
h a d  b een  given 5 — 8 m g  o f  v ita m in  К  t 
d a ily  fo r th ree  days.

P e rio d s  o f  oral and  m u sc u la r  ad m in is
t r a t io n  o f  v itam in  K 1 w ere sep a ra ted  by  
a  m in im u m  in te rv a l o f  fo u r te e n  days. 
I n  o rd e r  to  avoid d ilu tio n  o f  th e  p lasm a 
b y  th e  3 .8%  sodium  c itra te  u sed  to  p re 
v e n t  c lo ttin g  o f blood sam p les, a  correc
t io n  to  th e  ac tu a l h a e m a to c r it  w as p e r
fo rm ed .

T h e  follow ing p a ra m e te rs  w ere d e te r
m in e d  before and  a f te r  v ita m in  К  ad m in 
is tra t io n : haem a to c rit, b y  m icroassay ;
p ro th ro m b in -co m p lex  a c tiv ity  (Q u ick -val
ue) b y  th e  single stage te c h n iq u e  o f  Quick, 
a s  m od ified  by  Schultze [8 ], u sin g  th rom - 
b o k in ase  (Geigy) as re a g e n t; a c tiv ity  o f 
fa c to rs  I I ,  V  and  V II , u s in g  B eh rin g  p re 
p a ra t io n s  [8]. A ctiv ities w ere  expressed 
in  p e rc e n t o f th e  no rm al.

S tu d e n t’s t te s t w as u sed  fo r s ta tis tic a l 
a n a ly s is  o f th e  d a ta .

T a b l e  I

C h an g es in  Q uick-value a n d  in  th e  a c tiv ity  o f  fa c to rs  I I ,  V, and  V II  o n  in tra m u sc u la r  
a n d  o ra l a d m in is tra tio n  o f  v itam in  K ,

I :  In i t ia l  value, I I :  v a lu e  a f te r  th e  a d m in is tra tio n  o f  5 — 8 m g v ita m in  K j.  n s .: N o n 
s ig n ifican t

Group Route of No.
Quick value facto r

I I
factor

V
factor
V II

adm inistration of
cases ave- ave- ave- ave-

rage
%

V rage
%

V rage
%

V rage
%

V

C o n tro l, I 10 93 98 90 89
in tram u scu la r >  0.05 >  0.05 >  0.05 >  0.05

i i 95 n.s. 98 n.s. 91 n.s. 95 n.s.

C y an o tic ,
in tram u scu la r

I 15 59
< 0 .0 1

50
< 0 .0 1

59
>  0.05

50
<  0.01

i i 73 74 60 n.s. 72

C yano tic ,
o ra l

I 15 52
>  0.05

50
>  0.05

63
>  0.05

54
>  0.05

i i 53 n.s. 53 n.s. 63 n.s. 56 n.s.
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R e s u l t s

The stable haematocrit level dur
ing the period of observation indi
cated that the changes observed were 
not due to a concentration or dilu
tion of the blood.

The results obtained are summa
rized in Table I.

In the non-cyanotic controls the 
activity of clotting factors was with

in the normal range. Intramuscular 
administration of vitamin К  caused 
no significant changes in these param- 
meters.

In the group with cyanotic heart 
disease the activity of factor II (pro
thrombin) and factor VII (procon
vertin) and the Quick-value increased 
significantly (P <  0.01, see Fig. 1). 
The initial level of factor V (proacce- 
lerin) was generally higher, being

F ig . 1. E ffe c t o f  in tram u scu la r v ita m in  K j in  p a tie n ts  w ith  cyanotic  h e a r t  d isease . I :  
in itia l va lue; I I :  va lue  a f te r  v ita m in  К  tr e a tm e n t

F ig . 2. E ffe c t o f  o ra l v itam in  K , in  p a tie n ts  w ith  cy an o tic  h e a r t  disease. I :  in itia l v a lu e : 
I I :  va lue  a f te r  v itam in  К  tr e a tm e n t
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above the lower normal limit of and 
its changes on intramuscular vitamin 
К  were insignificant (P >» 0.05).

Oral administration of vitám.n К 
to the cyanotic children caused in
significant increases in the levels of 
the factors examined (P ]> 0.05, see 
Fig. 2).

D i s c u s s i o n

Most of the clotting factors are 
produced by the liver (fibrinogen, 
factors II, V, VI, VII, VIII, IX, X 
and XII). The synthesis of some fac
tors (II, VII, IX and X) proceeds 
only in the presence of vitamin К
[9, I l i 

in  man, vitamin К  is produced in 
sufficient amounts by the intestinal 
flora, covering the entire need of the 
organism. Absorption of vitamin К 
depends on normal bile secretion. 
As to the role of the absorbed vita
min in the synthesis of clotting fac
tors, there are only hypothetic con
siderations, such as

1. Vitamin К  would constitute 
a part of the molecule of some of 
the clotting factors [2].

2. Vitamin К  plays an important 
role in oxidative phosphorylation, 
while the rate of formation of clott
ing factors highly depends on the 
activity of this process [10, 12].

3. Vitamin К would influence the 
genetic control of the synthesis of 
factors II, VII, IX  and X [13].

4. Vitamin К  would transform po- 
lypeptide precursors in a still un
known way into active clotting fac
tors [1, 6].

Hepatic injury diminishes the ac
tivity of the factors produced in 
the liver, and the resulting coagula
tion defect is resistant to vitamin 
К therapy. In the case of normal 
liver function, vitamin К  deficiency 
decreases the activity of factors II, 
VII, IX  and X, whereas the level of 
factors V, VIII and X II remains 
normal. When the synthesis or ab
sorption of vitamin К  is affected, 
parenteral supplementation can nor
malize blood clotting. Defective syn
thesis or absorption can be differen
tiated by oral administration of vi
tamin K, as in the latter condition 
it remains obviously ineffective.

The above considerations suggest 
that the reduced level of clotting 
factors in children with cyanotic 
heart disease can be ascribed to sev
eral factors, even when the possi
bility of consumption owing to in
creased intravascular clotting and 
secondary fibrinolysis can be exclud
ed. In the majority of the cases 
examined, the activity of clotting 
factors increased on intramuscular 
but not on oral administration of 
vitamin K, indicating a defective 
absorption from the intestines. In 
some cases, however, even intramus
cular vitamin К had no effect. This, 
together with a decreased level in 
some patients of factor V, the syn
thesis of which does not depend on 
vitamin K, suggests that impaired 
liver function contributes to some 
extent to the coagulopathy in these 
patients.

Defective absorption and liver 
function can equally be explained
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by the haemodynamic state of the 
patients, the slowing down of circu
lation, the congestion, the reduced 
arterial oxygen saturation, and the 
tissue hypoxia.

It may be asked whether it is 
necessary to increase the subnormal 
level of protein clotting factors by 
parenteral vitamin К administration. 
As it was shown earlier [4], the Quick- 
value and factors of the prothrom
bin-complex rarely fall below 20 — 
25%. A similar decrease — without 
the simultaneous effect of other fac
tors — will not lead to spontaneous 
bleeding. On the other hand, the slow
er circulation, the increased blood 
viscosity and acidosis of these 
patients with secondary polyglobulia 
will shift the haemostatic balance 
rather toward thrombosis. The de
creased synthesis of clotting factors 
seems to act in restoring the disturb
ed balance.
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