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Abstract: Patients with advanced liver disease who are not taking vitamin K antagonists often
have an elevated international normalized ratio, potentially due to vitamin K deficiency and the
decreased synthesis of clotting factors by the liver. It is possible that vitamin K deficiency is due to
dietary deficiency, impaired absorption in the small intestine, or both. This has led to the practice
of the administration of phytonadione to limit the risks of bleeding in these patients. However,
phytonadione is available in different formulations with varying pharmacokinetics and there is a
paucity of data in the literature to guide optimal management. The routine use of phytonadione to
correct INR in cirrhotic patients not taking warfarin should be avoided due to the lack of proven
benefits. However, intravenous phytonadione may be considered in actively bleeding or critically ill
patients with vitamin K deficiency. Oral formulation is unlikely to be absorbed in cirrhotic patients
and should be avoided.
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The management of coagulopathy secondary to liver cirrhosis is an ongoing and
debated issue. Liver plays a crucial role in hemostasis, and advanced cirrhosis causes
several pathophysiological changes that may appear as coagulopathic imbalances [1]. The
cause of this apparent hemostatic imbalance is attributed to six proposed mechanisms: the
decreased synthesis of pro and anticoagulant proteins by the liver, impaired clearance of
clotting factor VIII and the von Willebrand factor, platelet disorders, nutritional deficiency
(e.g., vitamin K deficiency), fibrinolysis, and disseminated intravascular coagulation. As a
result, patients with end stage liver disease (ESLD) commonly present with a prolonged
prothrombin time (PT) and an elevated international normalized ratio (INR). This is con-
cerning because the incidence of bleeding and its associated mortality is high in patients
with advanced cirrhosis [2–4], but the majority of clinically significant bleeding episodes
in cirrhotic patients seem to be due to increased portal venous pressure rather than al-
tered hemostasis [5,6]. INR is a standardization of PT, which evaluates coagulation in
the body [7]. However, the International Sensitivity Index used for standardization was
developed for vitamin K antagonists, specifically [8]. As a liver function test, INR can be
useful to determine the severity of cirrhosis as it takes into consideration clotting factors
I (fibrinogen), II, V, VII, and IX, all synthesized by the liver [7]. However, INR has not
been validated to predict bleeding risks in cirrhotic patients and is poorly correlated with
bleeding in this population [9]. Multiple randomized clinical trials have shown that the
treatment of cirrhotic patients with recombinant activated factor VII correct PT and INR,
but fail to control bleeding [10–13]. Moreover, hemostasis may still be balanced because
the synthesis of both procoagulant (e.g., clotting factors) and anticoagulant (e.g., protein C,
antithrombin) proteins is reduced [9,14]. There is also evidence that thrombin levels in pa-
tients with cirrhosis are similar to healthy individuals [15,16]. In fact, cirrhotic patients may
have an increased risk of venous thromboembolism and portal vein thrombosis [17–20]. In

Gastrointest. Disord. 2022, 4, 15–21. https://doi.org/10.3390/gidisord4010003 https://www.mdpi.com/journal/gastrointestdisord

https://doi.org/10.3390/gidisord4010003
https://doi.org/10.3390/gidisord4010003
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/gastrointestdisord
https://www.mdpi.com
https://orcid.org/0000-0003-1667-5400
https://orcid.org/0000-0002-1636-6387
https://doi.org/10.3390/gidisord4010003
https://www.mdpi.com/journal/gastrointestdisord
https://www.mdpi.com/article/10.3390/gidisord4010003?type=check_update&version=1


Gastrointest. Disord. 2022, 4 16

addition to the impaired ability of the cirrhotic liver to produce some of the clotting factors,
vitamin K deficiency can exacerbate the problem [21].

Vitamin K, a group of fat-soluble vitamins, is required to produce clotting factors.
Vitamin K1, a phylloquinone, is obtained from dietary sources (e.g., green leafy vegetables),
whereas vitamin K2, a menaquinone, is synthesized by bacteria in the small intestine [22].
Healthy individuals can absorb 40–70% of vitamin K1 from the jejunum and ileum, similar
to other fat-soluble vitamins [23–26]. Aiding in the production of factors II, VII, IX, X,
protein C, and S, vitamin K plays a large role in the coagulation process. Vitamin K
deficiency is a portion of the proposed mechanism of elevated INR in cirrhotic patients
through dietary deficiency (common in alcohol-induced liver disease or chronic illness)
and reduced absorption in the small intestine, likely due to decreased bile flow, impaired
vitamin K cycle, and increased use of antibiotics, which reduce the vitamin K produced
by normal gastrointestinal flora [14,27,28]. Extrahepatic biliary obstruction and pancreatic
insufficiency can further reduce absorption of vitamin K [23]. However, it is important to
note that while bile production and vitamin K absorption may be decreased in patients
with cirrhosis, not all cirrhotic patients with increased INR have a vitamin K deficiency.
Vitamin K deficiency is reportedly present in <15% of patients with cirrhosis [24]. Repletion
of vitamin K attempts to correct this factor imbalance by restoring normal levels of this
component to generate coagulation factors [14]. This elevated INR and potential vitamin K
deficiency led to the practice of administration of vitamin K to limit the risks of bleeding.

Phytonadione (vitamin K1) has multiple administration forms, including oral (PO),
intravenous (IV), intramuscular (IM), and subcutaneous (SQ). While IV and PO formu-
lations are commonly used for reversal of supratherapeutic vitamin K antagonists (e.g.,
warfarin), SQ and IM formulations are commonly avoided due to absorption variability
and risk of hematoma, respectively [29,30]. In general, SQ formulation has a reasonable
effect, albeit slow, in reversing INR in patients on warfarin [31–33], with a similar effect
as IV formulation at 72 h [34]. Although the IV formulation has a faster onset of action, it
carries a risk of fatal hypersensitivity reactions with an incidence of approximately 3 per
10,000 doses [35], unlike the PO and SQ formulations. These hypersensitivity reactions
may be more likely when IV phytonadione is administered too quickly at higher doses,
with inadequate dilution or formulated with a polyoxyethylated castor oil vehicle [30].
However, anaphylaxis was reported with infusion rates of 1 mg/min [36]. While the 2019
American Gastroenterological Association (AGA) clinical practice update on coagulation in
cirrhosis states that either PO or IV vitamin K may be given to correct hemostatic defects
in patients with cirrhosis and vitamin K deficiency [AGA 2019], for cirrhotic patients, it
is prudent to avoid the PO formulation due to impaired absorption, as described above.
This is further supported in a study conducted by Pereira et al., which concluded that
when administered intravenously, vitamin K had superior absorption and the ability to
reverse vitamin K deficiency, compared to the PO formulation [37]. Of note, the statement
in the AGA clinical practice update regarding the use of PO vitamin K is not cited [AGA
2019]. Among the cirrhotic patients, vitamin K 10 mg IV for up to three days was reported
as adequate to correct vitamin K deficiency [38] and this is often seen in clinical practice;
however, significant reductions in INR were only observed after the first dose in a study by
Sulaiman et al. [39]. The monitoring of the initial doses of vitamin K is essential in helping
to determine whether a patient is vitamin K deficient—if INR improves, this is indicative of
vitamin K deficiency; if INR remains the same, further administration of vitamin K would
likely not be beneficial.

While phytonadione is commonly used to reverse the anticoagulant warfarin (a vi-
tamin K antagonist), its use in cirrhotic patients who are not on warfarin has not been
standardized in practice due to differing and scarce literature (Table 1). Alperin and col-
leagues reported that vitamin K supplementation corrected coagulopathy in all 42 patients
with a vitamin K deficiency, but it is unclear what proportion of patients had cirrhosis
and how the successful correction of coagulopathy was determined [40]. Another small
study by Pereira et al. randomized 49 patients with severe acute liver disease to vitamin
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K 10 mg IV, PO or placebo and concluded that a single dose of IV vitamin K corrected
vitamin K deficiency at 48 and 96 h; however, all the patients had acute liver dysfunction
(not cirrhosis) [37]. Saja et al. compared 10 mg SQ vitamin K in 4 groups of patients
with advanced liver disease, including 24 patients with cirrhosis to no vitamin K among
39 health individuals, and demonstrated the minimal (likely clinically insignificant) effects
of vitamin K administration on coagulation parameters, such as PT and PTT [41]. In adults
with cirrhosis, Rivosecchi and colleagues evaluated the effect of IV vitamin K (81% received
10 mg) on INR and observed a mean INR decrease of 0.3 with 62.3% of patients failing to
achieve even a 10% reduction in INR [42]. Meyer et al. evaluated vitamin K administered
orally or parenterally (IV or SQ), compared with no vitamin K administration, and similarly
found no significant effect on INR (the mean decrease in those considered responders
was 0.2) [43]. Most recently, Sulaiman et al. showed that an initial dose of vitamin K was
effective at reducing INR with a median decrease of 0.63 in critically ill adult patients
with liver disease and a baseline INR of at least 1.5 [39]. Of note, subsequent doses of
vitamin K were not associated with significant decreases in INR. Sulaiman and colleagues
demonstrated no difference in bleeding between those who received vitamin K (various
routes used, but more than 90% of patients received IV) and those who did not, and no
difference in venous thromboembolism (VTE) after the adjustment for the propensity score
(OR 2.4 (95% CI 0.45–13.12)). The propensity score for the use of vitamin K was based on the
disease severity scores and the use of pharmacological VTE prophylaxis to reduce the risk
of bias when comparing the groups, due to the observational study design. However, the
incidence of VTE was greater among those who received vitamin K (17.0 vs. 3.9%, p = 0.04)
and was more probable when cumulative doses of vitamin K reached or exceeded 35.3 mg.
Furthermore, the group that received vitamin K had a higher incidence of 30-day mortality
(61.7 vs. 13.7%, p < 0.01; OR 2.7 (95% CI 0.79–9.01)), a longer ICU stay (median 10 vs.
4 days, p < 0.01; OR 0.67 (95% CI 0.22–1.12)), and longer duration of mechanical ventilation
(median 3 vs. 0 days, p < 0.01; OR 0.93 (95% CI 0.23–1.62)), highlighting the importance of
weighing risks versus benefits. A case series of 5 patients, reported by Aldrich et al., further
highlights the variable and unpredictable effects of vitamin K (PO or IV) in patients with
cirrhosis [1]. Despite common practice today, the literature for vitamin K administration,
specifically in cirrhotic patients, demonstrates minimal to no reduction in the surrogate
marker, INR.

Due to the lack of supporting literature, as seen in the studies described above, it
remains unclear whether the administration of phytonadione is clinically beneficial in
cirrhotic patients and its routine use to correct INR should be avoided because of the
potential risks (e.g., hypersensitivity reactions and increased thrombosis) and lack of
proven benefits (Table 2). However, given the limited data and the proposed benefits of
correcting underlying vitamin K deficiency, IV vitamin K should be carefully considered in
critically ill cirrhotic patients or those with active bleeding, to assist in correcting potential
vitamin K deficiencies. Various studies suggest that patient response to a single dose of
vitamin K could be an indicator of a true deficiency; due to this, patients who respond
should continue with the therapy whereas non-responders would lack any benefits. PO
vitamin K is unlikely to be absorbed in cirrhotic patients and is best to be avoided.
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Table 1. Studies evaluating the use of vitamin K.

Study Design Population Intervention Limitations Conclusion

Alperin [40] (1987) Retrospective cohort,
multicenter

N = 42
Critically ill patients, 17 to

78 years old with a vitamin K
deficiency (prolonged PTs)—36%
with abnormal liver function tests

20–25 mg IV vitamin K once
followed by 5 mg TIW PO or IV

• Various doses of vitamin K;
• Deficiency not solely attributed to

cirrhosis (all received at least 2 antibiotics,
renal insufficiency, and inadequate diet).

All patients with a diagnosed vitamin K
deficiency exhibited a response to therapy

4–6 h after infusion and complete correction
of coagulopathy within 12 h

Pereira et al. [37]
(2005)

Prospective
randomized,
double-blind,
single-center

N = 49
Patients 16 to 73 years old with or
at high risk of developing acute

liver failure

10 mg IV vitamin K vs. 10 mg PO
vitamin K vs. placebo

• Assessed acute liver failure (76% with
acetaminophen hepatotoxicity);

• Mean INR on admission of 6.4.

Minority of patients with severe acute liver
dysfunction have a subclinical vitamin K

deficiency; this is corrected by a single dose
of IV vitamin K. While 94% of patients

receiving IV vitamin K had increased serum
vitamin K, only 20% who received PO had

increased serum vitamin K

Saja et al. [41] (2012) Prospective cohort,
multicenter

N = 128
Adult patients (mean age

49 years) recruited into 4 groups:
inactive hepatitis B (n = 23),

chronic viral hepatitis B or C
(n = 21), cirrhosis (n = 24), or

hepatocellular carcinoma (n = 21)

Vitamin K 10 mg SQ once (n = 89)
vs. no vitamin K administration

(n = 39 healthy individuals, mean
age 38 years)

• Vitamin K-dependent factors were only
measured twice (baseline and at 72 h);

• Vitamin K administered SQ instead of IV;
• Baseline confounding.

SQ vitamin K in patients with advanced
liver dysfunction resulted in very minimal,
likely clinically insignificant improvement

in PT only (no improvement of FVII,
protein C or S) in cirrhosis group

Meyer et al. [43]
(2016)

Retrospective cohort,
single-center

N = 276
=18 years old (mean age
55 years) with cirrhosis

Vitamin K median 5 mg dose
(n = 130) vs. no vitamin K

(n = 146)

• Various doses and duration of vitamin K;
• Varying routes of administration (13.1%

IV, 36% PO, 16.9% SQ, and 33.8%
combination);

• Included patients who received blood
products, significantly more in the
vitamin K group (60% vs. 25%).

Vitamin K administration had no significant
effect on INR

Rivosecchi et al. [42]
(2017)

Retrospective
descriptive study,

single-center

N = 96
Adult patients (mean age

54 years, 52% in ICU) with
cirrhosis who received at least

one dose of IV vitamin K with a
baseline INR of >1.5 and at least

one repeat INR 6–24 h post
administration

IV vitamin K

• Various doses of vitamin K (81% 10 mg
and 17% 5 mg);

• No standardized time to repeat INR after
vitamin K administration (mean 10 h);

• 21.9% with active bleeding but 45%
received FFP.

Vitamin K may not be beneficial to correct
coagulopathy (only 16.7% met primary

endpoint of 30% decrease in INR or
INR 5 1.5; higher INR elevations are more

likely to have an effective response)

Sulaiman et al. [39]
(2021)

Retrospective
observational study,

single-center

N = 98
Adult ICU patients (mean age
61 years) with hepatic disease
(INR = 1.5) and within 24 h of

ICU admission

Vitamin K administration vs. no
vitamin K

• Unclear what proportion of patients had
cirrhosis;

• Various doses of vitamin K (median 10 mg
for median duration of 3 days);

• Various routes of administration (93.6%
received IV).

Vitamin K for INR correction was not
associated with the lower incidence of new

bleeding events; however, vitamin K
reduced INR by a median of 0.63 after the

first dose (no significant reduction with
subsequent doses)
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Table 2. Recommendations based on pharmacokinetics of varying vitamin K formulations.

Route PO IV SC IM

BBW None
Fatal

hypersensitivity
reactions

None
Fatal

hypersensitivity
reactions

Adverse effects Diaphoresis, cyanosis, dizziness, flushing, hypotension,
tachycardia

Hematoma
formation,

diaphoresis,
cyanosis, dizziness,

flushing,
hypotension,
tachycardia

Absorption
Unlikely in

advanced liver
disease

Readily Variable Readily

Time to ↓ INR 6 to 10 h
(peak 24 to 48 h)

1 to 2 h
(peak 12 to 24 h)

Variable
(peak at 72 h) Variable

Recommendation
for cirrhosis-
associated

coagulopathy

Consider avoiding
use 1,2

Consider in
actively bleeding

or critically ill
patients with

vitamin K
deficiency 1,3

Consider avoiding
use 1,4

Should be avoided
1,5

1 Routine use of phytonadione to correct INR in cirrhotic patients not taking warfarin should be avoided due to
the lack of proven benefits. 2 PO formulation is unlikely to be absorbed in cirrhotic patients; however, there is
minimal risk to its use. Consider avoiding its use in patients who are actively bleeding or those who are critically
ill in favor of using IV formulation. 3 IV formulation will correct vitamin K deficiency the fastest (~12 h); however,
there is a risk of fatal hypersensitivity. The potential benefit likely outweighs the risk in critically ill or actively
bleeding cirrhotic patients if they have a vitamin K deficiency; the risk of hypersensitivity can be minimized by
limiting the infusion rate to 1 mg/min or less. 4 SC formulation has variable bioavailability, but likely more than
PO formulation in cirrhotic patients due to absorption issues; consider SC as an alternative to PO formulation.
Consider avoiding its use in patients who are actively bleeding or those who are critically ill in favor of using IV
formulation. 5 IM formulation has the same risk of fatal hypersensitivity as the IV formulation; it also has the risk
of hematoma. There is no advantage to use IM over IV, so it should be avoided.
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