
 

 

VITAMIN K 

 

Dante Alighieri, (Detail), fresco, c. 1305, Giotto di Bondone,  Scrovegni Chapel, Padua.  

 



...Then we came to the fourth embankment, 

turned and descended on our left 

into a narrow bottom pierced with holes. 

 

The good master clasped me to his side 

and did not set me down until we came 

to the pit of one lamenting with his shanks. 

 

“Whoever you are, with your upper parts 

below,  

planted like a post, you wretched soul”, 

said I, “come out with something, if you 

can”. 

 

I stood there like a friar who confesses 

a treacherous assassin. Once done, 

he calls the friar back to stay his death. 

 

And he cried out: “Is that you already, 

are you here already, Boniface? 

By several years the writing lied to me. 

 

“Are you so swiftly sated with those profits 

for which you did not fear to take by guile 

the beautiful Lady and to do her outrage?” 

 

I became like those who stand there 

mocked, not comprehending what is said to 

them, 

and thus not knowing what to say in turn. 

 

Then Virgil said: “Tell him right away, 

“I’m not the one you think”. 

I gave the answer I was told to give. 

 

At that the spirit’s feet began to writhe. 

Then, sighing, with a plaintive voice, he 

said: “What is it then you want from me?” 

 

“If you are so keen to learn my name 

That you descended from the bank for it, 

know that I was cloaked in the great 

mantle. 

 

“But in truth I was the son of the she-bear 

And so avid was I to advance my cubs  

I filled my purse as I now fill this hole. 

 

“Beneath my head are crushed the others 

who practiced simony before me, 

now flattened into fissures in the rock. 

 

“In turn, I too shall be thrust lower down 

as soon as he arrives whom I mistook you 

for  

when I called out my hasty question... 

 

Dante Alighieri, The Inferno, 19:40-78 (1306 - 1317) 

 

In the year 1300 Pope Boniface VIII grandly announced that the new year would be a 

“Jubilee” year - or Holy Year, the very first in the history of the Church. Anyone who made 

the pilgrimage to Rome, in particular to the altars of St. Peter and St. Paul would be granted 

spiritual indulgences, their time in the afterlife of Purgatory would most assuredly be 

reduced! Unprecedented numbers of the faithful from all across Europe, Africa and the 

Middle East, poured into Rome during the year 1300. Some scholars believe that one of 

Italy’s greatest poets and fast rising Florentine political figures was one of those pilgrims. 

His name was Dante Alighieri, and to Boniface’s eternal torment, Dante would not like what 

he saw in Rome. 

 

At the time this did not particularly bother the forceful, imposing, aristocratic and arrogant 

Pope - the feeling was entirely mutual!  When Dante came to write his immortal masterpiece, 

the “Divine Comedy”, a work that many scholars have rated as possibly the greatest Western 

literature ever written, we find that Boniface was to be condemned for all eternity to the third 

ditch of Malebolge, or the Eighth Circle of hell! This was a particularly horrific place that lay 

within the great iron gates of the city of Dis, lorded over by the Rebel Angels and various 



other unspeakable abominations of Hell! How did this come about!? The third ditch of 

Malebolge was reserved for those who had committed simony - the sin of attaining or 

dispensing spiritual favors for money. Dante was shocked at the ungoverned greed he saw in 

Rome in the Jubilee year. Visions of clerics literally raking huge amounts of money off sacred 

altars, money that had been donated by countless good-hearted pilgrims desperate to 

purchase forgiveness of their sins and perhaps get a some reprieve from the torments of 

Purgatory in the afterlife.  

 

Unlike the vast majority of poor pilgrims, Dante was a highly educated, cultured and 

intelligent man who immediately saw that Boniface was motivated not so much by the 

salvation of souls, but rather by temporal riches and power. None of this would probably 

have mattered to posterity, if it weren’t for the fact that at the time Dante was not only a 

famous poet, but also a powerful politician of Florence, a city that rivaled Rome itself. 

Dante’s disastrous political downfall would come directly at the hands of the Pope. Dante’s 

hatred of Boniface was not only theological, it was also intensely personal!  

 

Italy in the Middle Ages was an impossible conglomerate of independent city - states, each 

permanently in conflict, or war with their neighbour. On the very broadest scale northern 

Italy could be divided into two principle political factions, the Ghibellines or those who 

preferred the suzerainty of the German Holy Roman Emperor and the Guelfs, or those who 

preferred the suzerainty of the Pope. Dante was a Guelf which meant that he should in theory 

have been a Papal supporter. But matters were much more complex than that. Though he 

supported the Pope, in 1300, over the German Emperor, he still believed that Popes should 

only concern themselves with spiritual matters and not temporal. Boniface strongly believed 

in, and fought for the temporal power of the Papacy, in addition to its spiritual power. The 

city of Florence was the biggest and by far the richest city in northern Italy. It also lay in an 

incredibly strategic central position - Tuscany. It was the key to the whole of northern Italy 

and Boniface wanted direct political control over it. Florence was a Guelf city, but there were 

two factions of Guelf, the Black Guelf who strongly supported the Pope and the White Guelf 

who supported the Pope, but still wanted political independence from Rome - radical and 

moderate Guelfs if you will.  

 

When Boniface requested military assistance from Florence for a local dispute in 1301, the 

ruling Florentine council, of which Dante was a member, put the Pope’s request to a vote. It 

was a close run thing but assistance was granted. Amoung those who voted to keep out of the 

dispute and not to assist the Pope was Dante. His vote did not go unnoticed by Boniface. 

Dante was later sent on a diplomatic mission to see Boniface in Rome. During his absence 

Boniface engineered a coup in Florence that saw the Black Guelfs take complete control of 

the city. All prominent White Guelfs were either killed or sent into exile. Dante was exiled in 

absentia and a price was put on his head. He never returned to Florence and died an exile in 

1321. But in his hour of greatest distress, came his greatest triumph - “The Divine Comedy”. 

Had he stayed in Florence as a politician he would never had written it. Seven centuries later 

Dante is revered, (even, and especially, in Florence), as Italy’s greatest poet. Boniface today 

is remembered as an amusing footnote as one of the Popes he condemned to the Eighth Circle 

of Hell! Dante’s friend, Giotto di Bondone the great painter, recorded the images of both 

Dante and Boniface, and in these Dante again is very much the winner. While the image of 

Boniface proclaiming the Jubilee year from his grand balcony is stilted and artificial, we 

cannot read his face at all - rather we see the cardboard cutout figure of the politian or 



faceless bureaucrat. In contrast the image of a young Dante shows a young man with a strong 

jaw of fierce and thoughtful and determined countenance. Perhaps he is one of the crowd 

looking up at Boniface on his high balcony. He has the look of a skeptic- definitely not 

impressed!   

 

In the Divine Comedy, Dante quite deliberately set the year of his journey through the 

afterlife in the year 1300, the year of Boniface’s Jubilee and for him a year of epiphany. 

Indeed he refers directly to the Jubilee in Inferno. In the circle of the Schismatics the shades 

of the dammed are divided into two groups who walk the circle in opposite directions; “The 

sinners in depth were naked, those on our side of the center coming towards us, the others 

moving with us, but with longer strides just as, because the throngs were vast the year of 

Jubilee, the Romans had to find a way to let the people pass across the bridge”. In other 

words the numbers of the dammed were so vast that a method of crowd control had to be 

resorted to - just as in the year of the Jubilee when the crowds crossing the Tiber bridge that 

connected the city to St Peter’s were so vast that crowd control across it was only achieved by 

dividing the coming and going into left and right streams. For Dante the city that Malebolge 

called to mind was Rome in the Jubilee year!  

 

Dante desperately wanted to put Boniface into Malebolge, but there was one small technical 

problem. In the year 1300, Boniface was still alive. No problem at all. In the Eight Circle of 

Hell, Dante encounters the shade of an earlier simoniac Pope, “know that I was cloaked in 

the great mantle” (Nicholas III, son of the “she-bear”). He is placed upside down in a vast 

long thin tunnel in the ground. Only his feet stick up out of the earth and these are tormented 

with burning flames. Below him are a long row of previous simoniac Popes. This Pope cannot 

see Dante and Virgil approach, but he hears them and calls out, “are you here already, 

Boniface?!” The dammed, though they do not know the present, do know some things of the 

future! When Boniface dies, he too will be placed into the hell hole upside down, and 

Nicholas will be pushed down further into the grim dark “fissures in the rock”. Dante could 

not wait to land Boniface into Hell! 

 

Vitamin K is our indulgence against a long purgatory of coumadin induced coagulopathy. In 

the case of the super-warfarin rodenticides in the majority of cases no adverse effect will be 

seen, and so we withhold empiric treatment, though we remain vigilant for the first sign of 

trouble. But the situation is quite different with warfarin itself. As Dante knew the fate of 

Boniface in advance, so do we know the fate of those who take excessive warfarin! Our 

Boniface is coagulopathy! Knowing this we commence vitamin K immediately, we cannot wait 

to put coagulopathy into hell!  
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Ampoule of vitamin K1 

 

Introduction 

 

Vitamin K1 (also known as phytomenadione, or phytonadione) is an essential cofactor for 

the synthesis of clotting factors, II, VII, IX and X. 

 

In the ED it is used in toxicology for the reversal of coumadin induced coagulopathy.  

 

The injectable formulation of vitamin K is also suitable to use for oral administration.   

 

See also separate document on Warfarin Toxicity, (in Toxicology folder).  

 

History 

 

In 1929, Danish scientist Henrik Dam were investigating the role of cholesterol by feeding 

chickens a cholesterol-depleted diet. After several weeks, the animals developed hemorrhages 

and started bleeding. These defects could not be restored by adding purified cholesterol to the 

diet. It appeared that, together with the cholesterol, a second compound had been extracted 

from the food, and this compound was called the coagulation vitamin.  

 

The new vitamin received the letter K because the initial discoveries were reported in a 

German journal, in which it was designated as Koagulationsvitamin.  

 

Edward Adelbert Doisy of Saint Louis University did much of the research that led to the 

discovery of the structure and chemical nature of vitamin K.  

 

Dam and Doisy shared the 1943 Nobel Prize for medicine for their work on vitamin K (K1 

and K2) which was published in 1939.  

 

Several laboratories synthesized vitamin K compounds in 1939. 

 

 



Chemistry 

 

Vitamin K is one of the fat-soluble vitamins, (which are A, D, E and K) 

 

The water soluble vitamins are B1, B2, B3, B4, B5, B6 and C. 

 

Vitamin K refers to a group of structurally similar, fat-soluble vitamins that the human body 

needs for complete synthesis of certain proteins that are required for blood coagulation, (as 

well as certain proteins that the body uses to control binding of calcium in bone and other 

tissues).  

 

Without vitamin K, blood coagulation is seriously impaired. 

 

Chemically, the vitamin K family comprises 2-methyl-1,4-naphthoquinone (3-) derivatives.  

 

Vitamin K includes two natural vitamers: vitamin K1 and vitamin K2.  

 

Vitamin K1, (also known as phylloquinone, phytomenadione, or phytonadione), is 

synthesized by plants, and is found in highest amounts in green leafy vegetables. It is directly 

involved in photosynthesis in plants. It may therefore be thought of as the “plant” form of 

vitamin K.  

 

It is however active as a vitamin in animals and performs all the classic functions of vitamin 

K, including its activity in the production of blood-clotting proteins. Animals may also 

convert it to vitamin K2. 

 

Vitamin K2, the main storage form in animals, and has several subtypes called 

menaquinones. 

 

Preparations 

 

Ampoules: 

 

Vitamin K1, (phytomenadione) as:  

 

● 2 mg  in 0.2 ml ampoules (Paediatric). 

 

● 10 mg in 1 ml ampoules  

 

Note that this formulation can be used orally as well as IV.  

 

Mechanism of Action 

 

Vitamin K is an essential cofactor in the synthesis of the blood clotting factors II, VII, IX and 

X, as well as protein C and protein S. 

 

It reverses effects of vitamin K antagonists, such as warfarin. 

 



The coumadin anticoagulants inhibit vitamin K1 2,3 epoxide reductase, thus preventing the 

formation of vitamin K hydroquinone, the active form of vitamin K. this leads to impaired 

formation of clotting factors. 

 

Administration of high doses of vitamin K is able to overcome this effect and restore normal 

levels of clotting factors.   

 

Pharmacodynamics 

 

Onset of action is delayed, as the increase in blood coagulation factors takes about 6 - 12 

hours after an oral dose and about 3-6 hours after an IV dose. 
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Pharmacokinetics 

 

Absorption: 

 

● In the toxicology setting Vitamin K1 can be administered orally or IV, though the 

 IV route will give a quicker onset of action. 

 

 Note that the injectable formulation of vitamin K is also suitable to use for oral 

 administration.   
 

Vitamin K1 administered orally. It is absorbed primarily in the middle portions of the 

small intestine. 

 

Optimum absorption is possible only in the presence of bile and pancreatic juice. 

 

Oral bioavailability, therefore is variable and largely dependent on bile salts, but is 

usually of the order of 50 %. 

 

 Vitamin K1 should not be given IM in the toxicology setting as this route of 

 administration exhibits depot characteristics which may cause difficulties in the 

 reinstitution of anticoagulant therapy.  

 

Additionally, intramuscular administration of medications to anticoagulated patients 

causes a risk of haematoma formation. 

 

● IM administration is the preferred route for prevention of haemorrhagic disease of 

 the newborn because of reliability of administration and level of compliance; oral 

 administration may be as effective as IM administration if there is full compliance 

 with dosage schedule. 

 

 Bioavailability following intramuscular (IM) administration is approximately 80%. 

 

Distribution 

 

● The primary distribution compartment corresponds to the plasma volume.  

 



● Vitamin K does not readily cross the placenta.   

 

● Vitamin K is poorly distributed into breast milk. 

 

● In blood plasma, 90% of vitamin K1 is bound to lipoproteins (very low density 

 lipoprotein (VLDL) portion). 

 

Metabolism and excretion: 

 

● Vitamin K is rapidly metabolized by the liver, with an elimination half-life of 

 about 2 hours. 

 

Vitamin K1 is rapidly converted into more polar metabolites, including an active 

metabolite vitamin K1-2,3-epoxide. Some of this metabolite is reconverted into 

vitamin K1. 

 

Indications 

 

Vitamin K1 is indicated for haemorrhage or threatened haemorrhage as a result of severe 

hypoprothrombinaemia (i.e. from deficiency of coagulation factors II, VII, IX and X). 

 

Indications include: 

 

1. Correction of elevated INR due to liver failure 

 

2. Toxicological: 
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 ● Therapeutic over-warfarinisation  

 

 ● Intentional warfarin overdose. 

 

 ● Ingestion/ overdose of long acting anticoagulant rodenticides. 

 

3. Prevention or treatment of haemorrhagic disease of the newborn, (also known as 

 Vitamin K Deficiency Bleeding - VKDB)  

 

● Newborns are relatively vitamin K deficient for a number of reasons. They 

 have low vitamin K stores at birth, vitamin K passes the placenta poorly, the 

 levels of vitamin K in breast milk are low and the gut flora has not yet been 

 developed (vitamin K is normally produced by intestinal bacteria). 

 

4. Vitamin K deficient states. 

 

Contra-indications/precautions 

 

1. Known hypersensitivity 

 

2. Use in the elderly: 



 

● Elderly patients tend to be more sensitive to reversal of anticoagulation with 

 Vitamin K1.  

 

The dosage for this patient group should therefore be at the lower end of the 

ranges recommended. 

 

3. Fat malabsorption syndromes: 

 

● There is decreased oral absorption with fat malabsorption syndromes such as 

biliary atresia and pancreatic insufficiency. 

 

The oral dosage for these patient groups should therefore be at the higher end 

of the recommended range. 

 

Pregnancy 

 

Phytomenadione has been used for the treatment of maternal hypoprothrombinaemia caused 

by vitamin K deficiency and the prevention of haemorrhagic disease of the newborn. 

 

In women with epilepsy who are using enzyme-inducing antiepileptic drugs (e.g. 

carbamazepine, phenobarbitone, phenytoin and topiramate), vitamin K supplementation is 

recommended from the 36th week of gestation until delivery, to prevent haemorrhagic 

incidents in the newborn.  

 

Current evidence however, is still unable to support or refute the routine use of vitamin K 

supplementation for this indication. Consultation with a haematologist for further advice is 

recommended. 
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Breast feeding 

 

Safe in breast feeding. 

 

Low levels of natural vitamin K can be found in the breast milk. These levels are not 

sufficient to prevent haemorrhagic incidents in the breastfed infant. The use of prophylactic 

vitamin K in all newborns is recommended. 
5
 

 

Adverse Effects 

 

These include: 

 

1. Anaphylaxis following IV administration (this is rare).  

 

2 Reintroduction of anticoagulation may be adversely affected. 

 

● Warfarin resistance can occur with over correction of INR in patients who are 

 taking warfarin therapeutically. Heparinisation may be required until warfarin 

 resistance has resolved and therapy can be re-established.   



 

Dosing 

 

Exact dosing and the duration of dosing depends on the condition being treated as well as the 

severity of the condition and illness. 

 

Warfarin toxicity: 

 

In general terms: 
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● Dosage range is 0.5 - 10 mg IV or oral. 

 

For exact dosing regimens in cases of warfarin toxicity, or bleeding whilst on warfarin, see 

Warfarin Toxicity document (in Toxicology folder).   
 

Warfarin Overdose: 

 

Vitamin K is given prophylactically to those who have taken a potentially significant dose, 

but have no therapeutic requirement for anticoagulation. 

 

● This will negate the requirement of repeated INR testing, as well as covering the 

 possibility of loss to follow-up or the misfortune of  concomitant trauma. 

 

● 10 mg of oral or IV vitamin K is given for 2 days. 

 

● A follow-up INR should be done at 48 hours. 

 

In those with a therapeutic requirement for warfarin, there will need to be careful titration of 

vitamin K to maintain an optimal INR level (see Warfarin Toxicity document in 

Toxicology folder).   
 

Children who ingest > 0.5 mg/kg are given 10 mg oral vitamin K and can be discharged 

without the need for follow-up INR level 

 

Long acting coumadin rodenticides (“super-warfarins”) 

 

Here the situation is different to overdose with warfarin.  

 

Rather than being given empirically, vitamin K is withheld for rodenticide overdoses.    

 

It should not be administered prophylactically as a single dose because this will just delay the 

onset of anticoagulation. 

 

It is only given when, (and if) anticoagulation develops. 

 

The reason for this is that the long-acting superwarfarins seldom produce any appreciable 

toxicity in humans  - very large doses are in fact required. 

 



Furthermore the decline in coagulation factors is relatively gradual and giving vitamin K 

will mask the onset of toxicity.  

 

So if empirical treatment is given then you are committed to therapy with large doses of 

vitamin K for possibly many months when in fact and the vast majority of patients will not 

require it. 

 

If coagulopathy does develop, then treatment is complex and should be guided by a 

clinical toxicologist. 

 

Initiation of Vitamin K 
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● If coagulopathy is seen, then very large doses of vitamin K are required for a 

 period of weeks to months (due to slow elimination of the super-warfarin)  

 

It is difficult to determine the appropriate initial dose, but safest to start with a 

relatively large dose and titrate to maintain a normal INR. In patients with an INR 

greater than 2.0, use: 

 

 ♥ Phytomenadione 20 - 100 mg orally or IV, twice daily  

 

For patients with an INR greater than 10, the higher end of the dosage range should be 

used. 

 

The dose may need to be increased for large ingestions based on daily INR. Therapy 

should continue for a minimum of 1 month with weekly INRs, and then be weaned if 

the INR remains normal (using daily INRs). 

 

The vitamin K analogue menadione (vitamin K3) or any other vitamin K analogue 

except K1 (phytomenadione), cannot be used for treatment of long-acting warfarin 

rodenticide overdose. 

 

Cessation of vitamin K 

 

♥ The safe withdrawal of vitamin K therapy must be determined by  close 

 medical specialist supervision. 

 

  

 

 

 

  

 

 

 

 

 

 



Appendix 1 

 

The Vitamin K cycle: 

 

 

 

 

 

 

 

 

 

 

 

 

 

The vitamin K cycle (with simplified version to the right). 

 

The reduced form of vitamin K (hydroquinone) donates a pair of electrons to the vitamin K 

dependent carboxylase, which carboxylates glutamic acid in specific vitamin K dependent 

proteins. The resultant oxidized from of vitamin K (epoxide) is converted back to 

hydroquinone in a two step reaction. the first step which converts vitamin K epoxide to 

vitamin K is catalysed by vitamin K epoxide reductase. This pathway is inhibited by the 

vitamin K antagonist and anticoagulant drug warfarin.        

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 2 

 

The coagulation cascade and fibrinolytic system: 

 

Extrinsic clotting pathway                       Intrinsic clotting pathway, (F12)                        

(F3, tissue thromboplastin) 

                

                           

                      F7                                                   F8, 9, 10               

 

 

                                               

                                             

                                         X                            Xa                              F5           

 

 

 

                                               Prothrombin (F2)                      Thrombin   

 

 

 

                     Plasminogen                      Fibrinogen (F1)                            Fibrin  

                                                                                                                     (Stable clot) 

 

 

 

tPA              

(from  

endothelium)                                     

 

                   Plasmin 

                                                                

                              

                                                                                                                    FDPs 

                                                                                                                   (including  

                                                                                                                    D-Dimers) 

 

 

 

 

 

 

 

 

 

 

 

 



 

Pope Boniface VIII announces the Jubilee year of 1300, fresco, c.1440, Giotto di Bondone. 
Basilica of St. John Lateran 
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