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Abstract

Background: Renal function and use of concomitant medications should be carefully monitored in patients
subjected to treatment with direct oral anticoagulants (DOACs); the dose should be individually designed for each
patient. Owing to the complex therapeutic indications and dose reduction criteria, pharmacists exercise caution
when determining the optimal dose for each patient. A DOAC check sheet has been developed that is
automatically printed in the dispensing room at the same time as the prescription and can be used by pharmacists
to dispense DOACs promptly and correctly. The purpose of this study was to evaluate the system for dispensing
DOACs using a check sheet.

Methods: The study was conducted at Tohoku University Hospital in Japan; prescriptions containing DOACs
dispensed by the hospital pharmacists were evaluated. The DOAC check sheet described indications, dosage
regimens, dose reduction criteria, and contraindications for each drug and included the patient’s information. The
check sheet was set to print automatically in the dispensing room at the same time as the prescription when an
inpatient was prescribed DOACs. This check sheet was evaluated using a prescription survey and a questionnaire
for pharmacists.

Results: The usefulness of this check sheet for the correct use of DOACs was evaluated. There were four inquiries
out of 642 (0.6%) prescriptions from pharmacists to physicians regarding DOAC prescriptions, such as the dose
introduced before DOAC check sheet utilization, and there were 21 out of 905 (2.3%) prescriptions when the DOAC
check sheet was used it, showing a significant increase (p = 0.0089). After the introduction of this sheet, overdoses
of DOACs were identified at the time of dispensing. Of the 52 pharmacists who responded to the questionnaire, 51
(98%) stated that the check sheet was useful.

Conclusion: The use of the DOAC check sheet is likely to render safety to DOAC drug therapy for individual
patients.
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Background

Direct oral anticoagulants (DOACs) have been used as
an alternative to warfarin [1-5]. In Japan, four DOACs,
dabigatran, rivaroxaban, apixaban, and edoxaban, are
available [4—6]. DOACs are effective against various
types of thrombosis [1-5] and are used for the preven-
tion and treatment of stroke and systemic embolism in
patients with non-valvular atrial fibrillation (NVAF). Riv-
aroxaban, apixaban, and edoxaban are effective in treat-
ing and preventing the recurrence of venous
thromboembolism (VTE), such as deep vein thrombosis
(DVT) and pulmonary embolisms (PEs). Edoxaban also
exerts a preventive effect on VTE in patients undergoing
lower limb orthopaedic surgery (LLOS). DOACs exhibits
several advantages over warfarin [5, 6]. DOACs are sub-
jected to dose reduction according to the patient profile,
but unlike warfarin, it does not require frequent blood
tests, such as for the prothrombin time-international
normalized ratio (PT-INR). Additionally, DOAC is less
affected by food and concomitant medications, its effects
appear quickly after administration, and there is less risk
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of intracerebral haemorrhage. Because the blood concen-
tration of DOAC:s fluctuates greatly depending on renal
function and concomitant medications [2-5], the risk of
bleeding increases due to their high efficacy [7]. On the
other hand, real-world surveys have reported that the
dose of DOAC was underdose [7, 8]. Therefore, an over-
dose of DOAC increases the risk of adverse events, and
underdose diminishes its effectiveness [7]. That is, it is
very important to adjust the dose of DOAC for each
patient.

Because of the complex therapeutic indication and
dose reduction criteria for these four DOACs, pharma-
cists need to take care and time to determine the opti-
mal dose for each patient. Therefore, a DOAC checklist
was developed in our hospital. The novelty of this sys-
tem is that when a physician orders a prescription con-
taining DOAC, it is automatically printed in the
dispensing room at the same time as the prescription
and can be used for pharmacist dispensing in a timely
manner (Fig. 1). This study aimed to investigate the use-
fulness of the DOAC check sheet.

a

b

pulmonary embolism)

[Dosage] --- Check the applicable item---
[J Therapeutic indication 1: 15 mg once daily
(CrClI 15 to 49 mL/min: 10 mg once daily)

[Contraindication] ---Check off all confirmed items---
[ Therapeutic indication 1: CrCl < 15 mL/min
[ Therapeutic indication 2: CrCl < 30 mL/min
[ Moderate or higher hepatic impairment (classified as Child Pugh B)
[J Pregnant or potentially pregnant women
[ Patients taking the following HIV protease inhibitors (e.g. ritonavir)
[ Patients taking the following Azole-antimycotics
(such as ketoconazole, itraconazole, voriconazole and posaconazole)
[ Patients taking the following Cobicistat-containing drug

[Other]
1 Concomitant caution drug

O Hemoglobin, hematocrit, platelet count

Dispensed pharmacist

Inspected pharmacist

Patient No: -------------- Order date and time: --—-/--/--  --:--
Name: - - Order NO: ---=----=----- . .
Birthday: ----. -. - (Age: --) Administration start date: ----/--/-- PhySlClan
Sex: -
Height: ---.- cm Floor: --
Body weight: --.- kg Department:----
Body surface area: -.-- m?2 Prescribing doctor: ---- ---— PharmaC|St
[Prescription] Reference to Prescription
DOAC check sheet
Once after breakfast X 2 days
Rivaroxaban check sheet
[Therapeutic indication] --- Check the applicable item --- Patl e nt

[ 1. Prevention of stroke and systemic embolism in patients with non-valvular atrial fibrillation
[ 2. Treatment and prevention recurrence of venous thromboembolism (deep vein thrombosis and

[ Therapeutic indication 2: 15 mg twice daily for the first three weeks followed by 15 mg once daily

The interaction information will be printed on the drug history if there is a corresponding drug.

These sharp drops can lead to bleeding and require rivaroxaban dose reduction or discontinuation.

Fig. 1 DOAC check sheet (a) and dispensing flow for its utilization (b)
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Methods

DOAC check sheet

The DOAC check sheet describes indications, dosage
regimens, dose reduction criteria, and contraindications
for each drug [2-6], and patient information (age and
weight) from the medical support system at this hospital,
which is shown in Fig. 1a. The dispensing flow using this
check sheet is shown in Fig. 1b. The check sheet was set
to print automatically in the dispensing room at the
same time as a DOAC was prescribed to the patient.
The pharmacist considered the provision of drugs for
drug therapy using the check sheet in addition to the
prescription and medical information. When necessary,
the pharmacist discussed with the physician and dis-
pensed the DOAC as required.

Evaluation of DOAC check sheet

Study 1: number and content of inquiries regarding DOAC
prescriptions

Introduction of this check sheet spanned across a period
of 3 months, from December 2016 to February 2017,
and results were compared with those in the period be-
fore the introduction, from August 2016 to October
2016. The comparison items included the number of
DOAC prescriptions before and after the introduction of
the check sheet, the number of inquiries, and the con-
tent of inquiries. To compare the number of inquiries
for each drug before and after introducing the check
sheet, a chi-squared test was used; a risk rate of less than
5% was considered statistically significant. The number
of DOAC overdose prescriptions for the selected patient
profiles and pharmacist interventions were investigated.

Study 2: questionnaire for pharmacists regarding DOAC
check sheets

After the end of the DOAC check-sheet introduction
period, a questionnaire survey was conducted with our
hospital pharmacists that used the system to evaluate
the convenience and effectiveness of the check sheet.
The questionnaire included the following questions:

Was the DOAC check sheet useful?

Which content was useful?

Was the DOAC check sheet necessary?

What did the DOAC check sheet help you with?
What type of awareness did you have with the
introduction of the DOAC check sheet?

MO0 >

Results

Evaluation of DOAC check sheet

Study 1: number and content of inquiries regarding DOAC
prescriptions

The total number of DOAC prescriptions was 642 be-
fore the check sheet introduction and 905 after its use in
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this study. The results for each drug have been shown in
Fig. 2a; the numbers of prescriptions before its use were:
edoxaban, 348; apixaban, 140; rivaroxaban, 132; and
dabigatran, 22; the results and after its use were: edoxa-
ban, 437; apixaban, 236, rivaroxaban, 186, and dabiga-
tran, 46. About half of the prescriptions were fore
edoxaban: apixaban and rivaroxaban were prescribed for
approximately 20 to 30% of the prescriptions, and dabi-
gatran prescriptions were less than 10%; the prescription
ratio was the same before and after the check sheet use.
The number of inquiries from pharmacists to physicians
regarding DOAC prescriptions was 4 out of 642 (0.6%)
before using the DOAC check sheet and was 21 out of
905 (2.3%) after its use, showing a significant increase
(p =0.0089); the increase involved the prescription of all
DOAC:s (Fig. 2b). The questionnaire focused on data ac-
quisition based on weight change, usage, test value, drug
interaction, loading, and underdose. When compared
before and after the use of the DOAC check sheet, all
values increased (Fig. 2c). The details of inquiries and
prescription changes for each drug before and after the
introduction of the DOAC check sheet are shown in
Table 1. The number of DOAC prescriptions for which
the dose was subjected to reduction as per the patient’s
profile was four before the introduction of the DOAC
check sheet and 12 after the introduction. Of these, one
out of four prescriptions and 12 out of 12 prescriptions
were introduced at appropriate doses with the interven-
tion of the dispensing pharmacist (incidentally, three out
of four prescriptions that were overlooked before the
introduction of the DOAC check sheet were intervened
by the ward pharmacist and were adjusted to the appro-
priate dose). The introduction of the DOAC check sheet
resulted in, no overdose prescriptions being dispensed.

Study 2: questionnaire

The questionnaire survey evaluated the utility of the
DOAC check sheet among dispensing pharmacists. The
response rate was 78% (52 out of 67). 51 (98%) pharma-
cists stated that the check sheet was useful (Table 2A),
particularly, the information (in descending order) on
dosage, contraindications, therapeutic indications, con-
comitant drug cautions, and laboratory test values (Table
2B). The need of this check sheet was assessed by 38
(73%) responders as necessary; 12 (23%) responders
assessed the utility as neither necessary nor unnecessary,
and 2 (4%) responders assessed it as not unnecessary
(Table 2C). The usefulness of this check sheet was con-
sidered as “improving the quality of prescription inspec-
tions” by 31 (60%) responders, “standardization of
prescription inspection” by 26 (50%) responders, “new
pharmacist education” by 16 (31%) responders, “improv-
ing dispensing efficiency” by 7 (13%) responders, and
“ward pharmacist work” by 1 (2%) responder (Table 2D).
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Fig. 2 Changes in the number of prescriptions (a) and inquiries (b) before and after using the DOAC check sheet and their contents (c).
footnote: ¢ was retrospectively classified into weight change, usage, test values, interaction, loading, and underdose based on the

Interaction Loading Underdose

The awareness after the introduction of the check sheet
(Table 2E) was classified as “appropriate confirmation of
dosage” by 43 (83%) responders, “frequency of checking
drug package inserts” by 37 (71%) responders, “attention
to drug interactions” by 20 (38%) responders, “under-
standing the purpose of prescription” by 9 (17%) re-
sponders, “no change” by 3 (6%) responders, and “other”
by 1 (2%) responder.

Discussion

The purpose of this study was to enable the proper use
of DOACs by constructing a system that automatically
provides the check sheet printed with test values and
concomitant medications related to the drug dose cri-
teria when DOACs are prescribed (Fig. 1). Dispensing
using such a DOAC check sheet is not common; its use,
can lead safer DOAC drug therapy. The novelty of the
dispensing system that uses the DOAC check sheet is
that patient information is automatically printed
promptly during dispensing. The total number of DOAC
prescriptions before and after the introduction of the

check sheet was different, but the ratio of the drugs used
was the same before and after the introduction, with
edoxaban, apixaban, rivaroxaban, and dabigatran being
used in descending order of prescription (Fig. 2a). Edox-
aban dose can be easily modified to set because it is the
same for NVAF and VTE, and it is the only DOAC indi-
cated for the prevention of VTE in patients with LLOS.
These are likely the reason for the high prescription rate.
Dabigatran has a neutralizing effect on coagulation [9,
10], is less affected by CYP3A4 metabolism than other
DOAG:s, and its coagulation effect can be predicted by
test values such as activated partial thromboplastin time
[11, 12], thereby rendering it safer for use in patients
with multiple drugs; however, in this study, its prescrip-
tion rate was less than 10%, possibly because it is the
only indication for venous thrombosis. The number of
prescription inquiries increased significantly from 4 be-
fore to 21 after the check sheet introduction (Fig. 2b), all
of their contents also increased (Fig. 2c). It is presumed
that this increase in the number of questions relating to
all drugs was due to the dispensing pharmacists being
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Table 1 Inquiry contents and prescription changes before and
after the use of DOAC check sheet
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Table 2 Questionnaire to pharmacists for evaluating the use of
DOAC check sheets

Drug Number Prescription change Questionnaire contents to pharmacists (n =52) n (%)
.°f - Change No change  A.Is the DOAC check sheet useful?
inquiries
Before using the DOAC check sheet Yes 51(98)
Underdose Dabigatran 0 0 0 No 1@
Rivaroxaban 0 0 0 B. Which content is useful?
Apixaban 1 0 1 Therapeutic indication 24 (46)
Edoxaban 2 0 2 Dosage 43 (83)
Overdose Dabigatran 0 0 0 Contraindication 25 (48)
Rivaroxaban 0 0 0 Concomitant drug caution 22 (42)
Apixaban 0 0 0 Laboratory test value 13 (25)
Edoxaban 1 0 1 C. Do you need the DOAC check sheet?
After using the DOAC check sheet Necessary 38(73)
Underdose Dabigatran 1 0 1 Neither 12.(23)
Rivaroxaban 1 0 1 Unnecessary 14.4)
Apixaban 5 0 5 D. What did the DOAC check sheet help you with?
Edoxaban 2 0 5 Improvement in quality of prescription inspections 31 (60)
Overdose Dabigatran 0 0 0 Standardization of prescription inspection 26 (50)
Rivaroxaban 7 1 6 New pharmacist education 16 (31)
Apixaban 1 0 1 Improvement in dispensing efficiency 7(13)
Edoxaban 4 5 5 Ward pharmacist work 1(2)
Other Dabigatran 0 0 0 tEr.]e\!IVSgtAlgrlt:‘:cfka:rv‘aeLetr;ess did you have with the introduction of
Rivaroxaban 2 1 W Appropriate confirmation of dosage 43 (83)
Apixaban 0 0 0 Frequency of checking drug package inserts 37.(71)
Fdoxaban ! 0 W Attention to drug interactions 20 (38)
Understanding the purpose of prescription 9(17)
provided with accurate and reliable information on the No change 3(6)
dose-reduction criteria for each of the four DOAC drugs Other 10

by using the check sheet. For the subsequent content
inquiry, the check sheet was well organized in terms of
contraindications, interactions, and test values that in-
vited additional questions from pharmacists. The intro-
duction of this check sheet at the time of dispensing
eliminated overdosing by DOACs that has been reported
to cause the occurrence of serious adverse events (Table
1). In Japan, ward pharmacists are rarely stationed on
holidays and at night, this check sheet can be used to
ensure appropriate dosing with DOACs at any time of
the day.

Evaluation of the DOAC check sheet using the ques-
tionnaire showed (Table 2) that, 98% of the respondents
considered was useful for the purpose. Many responders
believed that it helped to improve and standardize the
prescription inspections, but 13% of the responders con-
sidered the efficiency of dispensing to be low, mainly be-
cause the indications for DOACs cannot be confirmed
by prescription alone. It was necessary to refer to the
electronic medical record to confirm the patient’s

indication; thus, it was difficult to improve the dispens-
ing efficiency with the utilization of this sheet alone. In
the future, it will be necessary to develop a system that
would confirm the patient’s indications using the pre-
scription at the time of dispensing.

This study has the following limitations: the study
period was short and the study was conducted at a single
facility. In the future, a similar system should be con-
structed at multiple facilities and should be subjected to
evaluation over a longer period. In Japan, the number of
facilities that print clinical test values on prescriptions
has increased recently; however, the utility of these data
depends on the extent of pharmacists’ knowledge and
experience. By using a check sheet that describes not
only the test values but also the information necessary
for dose evaluation like the system presented here, the
quality of all examinations is improved regardless of the
individual pharmacist’s skills. We expect that such
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improved systems will be used to other drugs and will
contribute to safe and effective drug therapies.

Conclusion

The DOAC check sheet was prepared and the system
was constructed to print it at the same time as the pre-
scription to assist in the correct use of DOACs. Its use
resulted in an increased number of appropriate drug-
and indication-related inquiries by pharmacists during
dispensing and helped to prevent events of DOAC over-
dosing. The usefulness of this system was also confirmed
through responses to a questionnaire by pharmacists
who used it. Therefore, this system can contribute to the
safety of drug therapy for individual patients treated with
DOAC:.

Abbreviations

CYP: Cytochrome P450; DOAC: Direct oral anticoagulant; DVT: Deep vein
thrombosis; GIH: Gastrointestinal haemorrhage; LLOS: Lower limb
orthopaedic surgery; NVAF: Non-valvular atrial fibrillation; PE: Pulmonary
embolism; PT-INR: Prothrombin time-international normalized ratio;

VTE: Venous thromboembolism

Acknowledgements
We thank the patients involved in the study and the Tohoku University
Hospital staff.

Authors’ contributions

All authors were involved in the study design. NI conducted the check sheet
system development, data collection, and analyses, and prepared the
manuscript. HO developed the system and collected the data. ST conducted
the system development, data analyses, and revised the manuscript. MK, KA,
and HY gave useful advice for the system development. TO analyzed the
data. MM developed the check-sheet system. NM revised the manuscript
and supervised the study. The authors read and approved the final
manuscript.

Funding
This research was supported by JSPS KAKENHI Grant Number 16H00566
(Naoto Ishikawa).

Availability of data and materials
All data generated or analyzed during the study are included in this
published article.

Declarations

Ethics approval and consent to participate

This study was approved by the Ethics Committee of Tohoku University
Graduate School of Medicine (No. 2015-1-804). The patient consent was
obtained by posting the explanation of the study on the website of the
Tohoku University School of Medicine Ethics Committee.

Consent for publication
Not applicable.

Competing interests
The authors declare no relevant conflicts of interest or financial relationships.

Received: 13 January 2021 Accepted: 8 April 2021
Published online: 01 June 2021

References

1. Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu N, Ezekowitz
MD, et al. Comparison of the efficacy and safety of new oral anticoagulants
with warfarin in patients with atrial fibrillation: a meta-analysis of

(2021) 7:22

Page 6 of 6

randomised trials. Lancet. 2014;383(9921):955-62. https://doi.org/10.1016/
S0140-6736(13)62343-0.

2. Weber J, Olyaei A, Shatzel J. The efficacy and safety of direct oral
anticoagulants in patients with chronic renal insufficiency: a review of the
literature. Eur J Haematol. 2019;102(4):312-8. https//doi.org/10.1111/ejh.13208.

3. Perlman A, Horwitz E, Hirsh-Raccah B, Aldouby-Bier G, Fisher Negev T,
Hochberg-Klein S, et al. Clinical pharmacist led hospital-wide direct oral
anticoagulant stewardship program. Health Policy Res. 2019;8:1-9.

4. Ueda A, Toki S, Kitayama C, Akazawa M. Reduction in the doses of direct
oral anticoagulants and risk of ischemic stroke events: a hospital survey. Biol
Pharm Bull. 2020;43(7):1135-40. https://doi.org/10.1248/bpb.b19-00798.

5. Miyazaki M, Matsuo K, Uchiyama M, Nakamura Y, Sakamoto Y, Misaki M,
et al. Inappropriate direct oral anticoagulant dosing in atrial fibrillation
patients is associated with prescriptions for outpatients rather than
inpatients: a single-center retrospective cohort study. J pharm heal care Sci.
J Pharm Health Care Sci. 2020,6:1-11.

6. Kurogi R, Nishimura K, Nakai M, Kada A, Kamitani S, Nakagawara J, et al.
Comparing intracerebral hemorrhages associated with direct oral
anticoagulants or warfarin. Neurology. 2018,90(13):e1143-9. https://doi.org/1
0.1212/WNL.0000000000005207.

7. Yao X, Shah ND, Sangaralingham LR, Gersh BJ, Noseworthy PA. Non-vitamin
K antagonist oral anticoagulant dosing in patients with atrial fibrillation and
renal dysfunction. J Am Coll Cardiol. 2017,69(23):2779-90. https://doi.org/1
0.1016/}jacc.2017.03.600.

8. Barra ME, Fanikos J, Connors JM, Sylvester KW, Piazza G, Goldhaber SZ.
Evaluation of dose-reduced direct oral anticoagulant therapy. Am J Med.
2016;129(11):1198-204. https://doi.org/10.1016/j.amjmed.2016.05.041.

9. Reilly PA, van Ryn J, Grottke O, Glund S, Stangier J. Idarucizumab, a specific
reversal agent for dabigatran: mode of action, pharmacokinetics and
pharmacodynamics, and safety and efficacy in phase 1 subjects. Am J
Emerg Med. 2016;34(115):26-32. https://doi.org/10.1016/j.ajem.2016.09.050.

10. Haastrup SB, Hellfritzsch M, Nybo M, Hvas AM, Grove EL. Real-world
experience with reversal of dabigatran by idarucizumab. Thromb Res. 2020;
197:179-84.

11. Comin J, Kallmes DF. Dabigatran (Pradaxa). AJINR Am J Neuroradiol. 2012;
33(3):426-8. https://doi.org/10.3174/ajnr.A3000.

12. Xu X, Liang Q. Dabigatran monitoring was influenced by thrombin time
reagent with different thrombin concentrations. Clin Appl Thromb Hemost.
2019;25:107602961986713. https:;//doi.org/10.1177/1076029619867137.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1016/S0140-6736(13)62343-0
https://doi.org/10.1016/S0140-6736(13)62343-0
https://doi.org/10.1111/ejh.13208
https://doi.org/10.1248/bpb.b19-00798
https://doi.org/10.1212/WNL.0000000000005207
https://doi.org/10.1212/WNL.0000000000005207
https://doi.org/10.1016/j.jacc.2017.03.600
https://doi.org/10.1016/j.jacc.2017.03.600
https://doi.org/10.1016/j.amjmed.2016.05.041
https://doi.org/10.1016/j.ajem.2016.09.050
https://doi.org/10.3174/ajnr.A3000
https://doi.org/10.1177/1076029619867137

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	DOAC check sheet
	Evaluation of DOAC check sheet
	Study 1: number and content of inquiries regarding DOAC prescriptions
	Study 2: questionnaire for pharmacists regarding DOAC check sheets


	Results
	Evaluation of DOAC check sheet
	Study 1: number and content of inquiries regarding DOAC prescriptions
	Study 2: questionnaire


	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

