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Abstract

Limited studies assess the efficacy of vitamin K administration in patients with chronic liver disease (CLD). However, vitamin K is
commonly used to treat elevations in international normalized ratio (INR) in these patients with the intended benefit of reducing
bleeding risk. This retrospective, single-center cohort study aimed to evaluate the impact of vitamin K administration on INR in
patients with CLD. Hospitalized patients > |18 years of age with a diagnosis of CLD or cirrhosis and received vitamin K were
included. The primary outcome was the absolute change in INR from baseline to 24 to 48 h after vitamin K administration.
Secondary endpoints included subgroup analyses of the primary outcome by route of administration and single versus multidose
administration, and incidence of in-hospital venous thromboembolism (VTE) or major bleeding. A total of eighty-five patients,
primarily with Child—Pugh class C (76.5%), were included. Route of vitamin K administration included oral (PO) (72%) and intra-
venous (IV) (26%) with a mean daily dose of 8.5 +2.3 mg. The absolute change in INR was —0.07 + —0.35 following vitamin K
administration. There was no difference in absolute INR change between single versus multiple dose administration (—0.16 +
—0.35 and —0.03 + —0.35; P=.13) or between PO versus |V administration (—0.06 + —0.23 and —0.18 + —0.48; P=.11). The inci-
dences of in-hospital VTE and major bleeding were 2.4% and 3.5%, respectively. The administration of vitamin K in hospitalized
patients with CLD resulted in minimal INR change, suggesting this intervention may not have the intended benefit of reducing
bleeding risk.
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Introduction factors II, VII, IX, and X. Due to these INR elevations, clini-
cians frequently administer vitamin K in an attempt to lower

Approximately 4.5 million patients are diagnosed with chronic the TNR and protect the patient from a perceived bleeding risk.

liver disease (CLD) annually." CLD or cirrhosis results in
greater than 400,000 hospital admissions and approximately
44,000 deaths annually.'™ The liver plays a key role in the
coggulatlon process by synthesizing bOFh procoggula}nt and Department of Pharmacy Practice, St. Louis College of Pharmacy at University
anticoagulant factors from phytonadione (vitamin K);  of Health Sciences and Pharmacy, St. Louis, MO, USA
however, both are decreased in CLD, creating a rebalanced, 2Department of Pharmacy, Mercy Hospital St. Louis, St. Louis, MO, USA
more fragile hemostasis than in patients without CLD.* Thus,
coagulation abnormalities are expected in CLD. Patients with ' ) )

. . . . Carmen B. Smith, Department of Pharmacy Practice, St. Louis College of
CLD often have an elevated international normalized ratio R .

. ) . Pharmacy at University of Health Sciences and Pharmacy, | Pharmacy Place,

(INR) due to disease-associated coagulopathy resulting from a ¢ Louis, MO 63110, USA.
decrease in the production of vitamin K-dependent coagulation  Email: Carmen.Smith@uhsp.edu

Corresponding Author:

@ @ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons

Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access
page (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0003-2399-3714
mailto:Carmen.Smith@uhsp.edu
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/10760296231164642
https://journals.sagepub.com/home/cat

Clinical and Applied Thrombosis/Hemostasis

Vitamin K is a fat-soluble vitamin that promotes synthesis of
the active forms of coagulation factors in healthy individuals.”™’
However, supplementation in CLD is likely to achieve only
partial, if any, correction of these factors due to the underlying
mechanism. In patients with CLD, there is decreased synthesis
of factors II, VII, IX, and X in hepatocytes, not a deficiency in
vitamin K.>~

Although inexpensive and readily available, the conven-
tional INR laboratory test was developed and calibrated for
patients receiving vitamin K antagonist therapy, such as warfa-
rin; thus, its use as a marker of anticoagulation and bleeding risk
in CLD is unknown.*%!! Furthermore, the incidence of venous
thromboembolism (VTE) in CLD patients has been reported to
be 0.5% to 6.3%.*%%*12717 This suggests that CLD not only
causes an acquired bleeding disorder as once traditionally
believed but can also be complicated by thrombosis. Tripodi
et al. suggest that bleeding in patients with CLD is more

Table |. Baseline Characteristics.

Characteristic n=285
Age (years)—avg. +SD 56.6+13.5
Male sex—n, (%) 61 (71.8)
Body mass index [kg/m?]—avg. + SD 27.40 +6.05
Race—n, (%)
White 73 (85.9)
Black 5(5.9)
Other 7 (8.2)
Cirrhosis etiology—n, (%)
Alcoholic 48 (56.5)
Hepatitis B or C 12 (14.1)
NASH 12 (14.1)
Other 13 (15.3)
Major bleeding risk—n, (%)
Active gastroduodenal ulcer 3 (3.5
Bleeding 3 months prior to admission 13 (15.3)
Platelet count <50 K/puL on admission 26 (30.6)
VTE prophylaxis—n, (%) 65 (76.5)
SCDs 54 (63.5)
Chemoprophylaxis® 1 (12.9)
Baseline medications—n, (%)
Antiplatelet 10 (11.8)
NSAID 12 (14.1)
Baseline laboratory results—avg. + SD
Lowest albumin (g/dL) 2.39+0.54
Highest total bilirubin (mg/dL) 9.04 +8.64
Baseline serum creatinine (mg/dL) 0.90+0.4I
Platelets on admission (K/uL)—avg. +SD 108.5 +76.4
Baseline INR—avg. +SD 1.90 +0.49
Child-Pugh Class—n, (%)
A 2 (2.3)
B 18 (21.2)
C 65 (76.5)
MELD score—avg. +SD 18.18+5.23

*VTE chemoprophylaxis was given after/outside of vitamin K administration and
INR window.

Abbreviations: INR, international normalized ratio; MELD, Model for End-Stage
Liver Disease; NASH, non-alcoholic steatohepatitis; NSAID, non-steroidal
anti-inflammatory drug; SD, standard deviation; SCD, sequential compression
device; VTE, venous thromboembolism.

likely related to hemodynamic instability related to the patho-
physiology of the disease, rather than hypocoagulabilty.*'!
Current American Association for the Study of Liver
Diseases (AASLD) guidelines do not address the use of
vitamin K in CLD, and evidence to support this practice is
lacking. Guidelines for acute liver failure (ALF) recommend
vitamin K administration (5-10 mg subcutaneously for a
3-day course) in the setting of underlying vitamin K defi-
ciency.'® Limited studies have addressed the administration of
vitamin K in CLD, and those that have did not find significant
improvements in the majority of coagulation parame-
ters.>%%1920 Degpite the lack of evidence, vitamin K adminis-
tration remains a commonly used pharmacotherapy in the
management of CLD when an elevated INR is present. Thus,
the objective of this study was to determine the impact of
vitamin K administration on INR in patients with CLD.

Methods

This study was approved by the institutional review board,
complying with all standards of the US Federal Policy for the
Protection of Human Subjects, and was conducted at a large
community teaching hospital. Vitamin K use at this facility is
not guided by a protocol. The dose, number of doses, and
route of vitamin K ordered for patients with CLD re based on
the primary provider preference, though the practice is often
guided by a gastrointestinal (GI) specialist.

This was a retrospective, single-center observational cohort
study. Patients were identified through the corporate patient
financial services database using the ICD-9-CM code 571.XX
for CLD or cirrhosis and/or if they had an order placed for
vitamin K during hospital admission. Patients were only eligi-
ble for inclusion once. Patients were included if they were
admitted to the hospital, were 18 years of age or older at the
time of admission, received at least 1 dose of intravenous
(IV) or oral (PO) vitamin K, and a diagnosis of CLD or cirrho-
sis. CLD was defined based on the following clinical and path-
ological criteria: previous histories or clinical presentations of
past variceal bleed, presence of varices based on endoscopy
report, hepatic encephalopathy, spontaneous bacterial peritoni-
tis, ascites, liver biopsy-proven cirrhosis, or imaging consistent
with cirrhotic liver changes. Exclusion criteria were pregnancy,
ALF, active bleeding or thrombotic disorder on admission,
prior or current liver transplantation, missing INR data sur-
rounding vitamin K administration, subcutaneous vitamin K,
and/or transfer from an outside hospital. ALF was defined per
AASLD guidelines as an INR > 1.5 and any degree of mental
alteration in a patient without preexisting cirrhosis and with
an illness of <26 weeks duration. Subcutaneous administration
of vitamin K was excluded because this formulation is associ-
ated with erratic, unpredictable absorption which would not
allow for a clean follow-up INR window of 24 to 48
h. Patients were also excluded if they received any anticoagu-
lant (warfarin, DOACs [edoxaban, apixaban, rivaroxaban, dabi-
gatran], argatroban, fondaparinux, bivalirudin, enoxaparin, or
heparin) prior to or during admission. Lastly, patients were
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excluded if they had a history of transfusion of any blood
product preceding 1 month or received any fresh frozen
plasma (FFP) within the period 12 h prior to baseline INR
through the time of follow-up INR.

INR values obtained between 24 and 48 h after documenta-
tion of vitamin K administration were recorded. If a patient had
more than 1 follow-up INR reading during that period, the
second of the 2 readings was recorded. Baseline INR included
the most recent INR prior to vitamin K administration. All INR
values were assessed and reported by the inpatient lab following
in-hospital ~venipuncture; none were obtained via a
point-of-care (POC) device. In-hospital VTE was defined as a
positive Venous Doppler, CT chest, or V/Q scan finding
during the admission. Major bleeding was defined as any clin-
ically overt bleeding documented in the medical record plus the
administration of PRBC, FFP, rFVIla, and/or PCC.

The primary outcome was absolute change in INR from
baseline to 24 to 48 h after last vitamin K administration.
Secondary outcomes included subgroup analyses of the
primary outcome by route of administration and dosing fre-
quency (single vs multiple dose administration), incidence of
in-hospital VTE, incidence of major bleeding, hospital length
of stay, and in-hospital mortality.

Descriptive statistics were used to summarize baseline characteris-
tics. Student’s #-test was used to compare the subgroup analyses of the
primary outcome by route of administration and dosing frequency.

Results

A total of 1102 patient charts were screened. Eighty-five
patients met the eligibility criteria and were included in the anal-
ysis. Common reasons for exclusion were admission with an
active bleed, missing INR data, or receipt of blood products
within the time period specified previously, anticoagulation,
and/or subcutaneous or intramuscular vitamin K. The majority
of patients were White (85.9%), male (71.8%) with Child—Pugh
Class C (76.5%), and alcoholic cirrhosis etiology (56.5%).
Table 1 includes complete information about patient demo-
graphic factors.

Route of vitamin K administration was primarily PO (71.8%)
with less patients receiving the IV (25.9%) formulation. Two
patients received a combination of both PO and IV vitamin K
(2.4%). Individual doses were variable, ranging from 2.5 mg to
15 mg, but the average daily and total dose of vitamin K was
85+23mg and 19.8+12.1 mg, respectively. The average
number of doses administered was 2.31 +1.25, with the most
common dosing frequency being one-time doses (58.9%).

The primary outcome of absolute change in INR from base-
line to 24 to 48 h was —0.07 + —0.35 following last vitamin K
administration (Figure 1). Absolute change in INR at 24 and 48
h was —0.08+—-0.32 (n=81) and —0.10+—-0.40 (n=49),
respectively. The subgroup analyses of the primary outcome
by route of administration and dosing frequency demonstrated
no differences between groups (Table 2). There was no differ-
ence in absolute INR change between single versus multiple
dose administration (—0.16+—0.35 and —0.03 +-0.35; P=

.13). Absolute change in INR after PO versus IV administration
was —0.06 +—0.23 and —0.18 + —0.48, respectively (P=.11).
Other key secondary outcomes (Table 3) including the inci-
dence of in-hospital VTE and major bleeding were 2.35% and
3.53%, respectively. Incidence of in-hospital mortality was
7.06% (n=6) with an average length of stay of 8.1 +5.9 days.

Discussion

The administration of vitamin K in hospitalized patients with
CLD resulted in minimal INR change, which was hypothesized
based on the mechanism of coagulopathy in patients with CLD
not being based on vitamin K deficiency. Minimal incidences of
in-hospital major bleeding were seen among study patients, and
similar rates were seen when compared to incidences of
in-hospital VTE. These results support that this intervention
may not have the intended benefit of reducing bleeding risk
in these patients. However, given the small sample population
in this study and lack of a comparator group, it is difficult to
draw any conclusion about bleeding risk in patients with
CLD receiving vitamin K supplementation.

There was no difference found between the route of admin-
istration or dosing frequency with regards to change in INR,
suggesting there is not a preferred route or frequency of
vitamin K administration to aid in the intended benefit of reduc-
ing bleeding risk. Among the subgroups, IV vitamin K demon-
strated a relatively larger decrease in INR compared to PO
administration. This is likely due to the faster onset of action
of IV vitamin K compared to PO. Nonetheless, the difference
between both subgroup analyses was not significant.

Results from this study are consistent with previous retro-
spective, single-center cohort studies. Meyer et al. found that
vitamin K administration was not associated with a decrease
in INR in 276 patients with CLD/cirrhosis (Adjusted OR,
1.17; 95% CI, 0.66-2.08; P=.59)."” Vitamin K was also
found to have no impact on bleeding (Adjusted OR 4.90;
95% CI 0.56-43.0; P=.15)."" Additionally, Rivosecchi et al.
found no statistically significant response in INR after IV
vitamin K administration in 96 patients with CLD and a base-
line INR greater than 1.5.2° While it was noted that patients
with higher baseline INR were more likely to respond, this
was not statistically significant.*

The strict exclusion criteria decreased the number of poten-
tial confounders, which was a strength of this study. PO and IV
vitamin K have more predictable pharmacokinetics with a rela-
tively short onset of action and minimal side effects. Exclusion
of patients who received subcutaneous and intramuscular
vitamin K administration decreased the likelihood of erratic
absorption and unfavorable side effects, respectively. This
allowed for a shorter follow-up INR window of 24 to 48 h
based on the more predictable onset of action and half-life of
PO and IV vitamin K. Exclusion of patients who received
FFP and other blood products within a prespecified time
window and those who received anticoagulation helped to elim-
inate pharmacotherapy that could have affected INR data.
Patients with active bleeding on admission were excluded
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Figure 1. Absolute change in international normalized ratio (INR) from baseline to 24 to 48 h after last vitamin K administration—avg. + SD.

Table 2. Subgroup Analyses of the Primary Outcome by Route of
Administration and Dosing Frequency.

Absolute Change in INR +SD

Comparator from Baseline to 24 to 48 h

Groups n=85 after last Vitamin K P value
Route of administration, n, (%)

PO 61 (71.8) —0.06 +-0.23 A3
v 22 (25.9) —-0.18 +-0.48

Dosing frequency, n, (%)

Single dose 30 (35.3) —-0.16 +-0.35 L
Multiple doses 55 (64.7) —-0.03+-0.35

Abbreviations: IV, intravenous; PO, by mouth; SD, standard deviation.

Table 3. Secondary Outcomes.

Outcomes n=85
Incidence of in-hospital VTE—n, (%) 2 (2.4)
Incidence of in-hospital major bleeding—n, (%) 3 (3.5
Length of stay (days)—avg. + SD 8.1+59
In-hospital mortality—n, (%) 6 (7.1)

Abbreviations: SD, standard deviation; VTE, venous thromboembolism.

from the study which aided in limiting a potential confounder of
patients with a higher risk of bleeding at baseline.

A limitation was the retrospective, single-center observa-
tional study design. Due to the retrospective nature of the
study, many patients were missing INR data and thus were
excluded. Diet was not collected and may influence INR
depending on the content of vitamin K-containing foods con-
sumed. The single-center nature of this study also was a limita-
tion, making it more difficult to extrapolate these results to
outside patient populations. Although the exclusion criteria of

the study limited potential confounders, it led to a smaller
sample size and the possibility of type II error. Lastly, there
was a lack of standardization in dosing regimens between pre-
scribers, which could have impacted study results.

Conclusion and Relevance

Overall, PO and IV vitamin K administration in hospitalized
adult patients with CLD resulted in minimal change in INR,
suggesting this intervention may not have the intended benefit
of reducing bleeding risk. Decreasing the potentially unneces-
sary administration of vitamin K could lead to decreased
health care costs and adverse drug reactions for patients diag-
nosed with CLD who have an elevated INR. Larger studies
are needed to evaluate the impact of vitamin K on clinical
outcomes.
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