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ABSTRACT
BACKGROUND: Anticoagulants including direct oral 
anticoagulants (DOACs) are among the highest-risk 
medications in the United States. We postulated that 
routine consultation and follow-up from a clinical phar-
macist would reduce clinically important medication 
errors (CIMEs) among patients beginning or resuming 
a DOAC in the ambulatory care setting.
OBJECTIVE:  To evaluate the effectiveness of a multi-
component intervention for reducing CIMEs.
DESIGN: Randomized controlled trial.
PARTICIPANTS: Ambulatory patients initiating a DOAC 
or resuming one after a complication.
INTERVENTION: Pharmacist evaluation and moni-
toring based on the implementation of a recently pub-
lished checklist. Key elements included evaluation of 
the appropriateness of DOAC, need for DOAC afford-
ability assistance, three pharmacist-initiated telephone 
consultations, access to a DOAC hotline, documented 
hand-off to the patient’s continuity provider, and moni-
toring of follow-up laboratory tests.
CONTROL: Coupons and assistance to increase the 
affordability of DOACs.
MAIN MEASURE: Anticoagulant-related CIMEs (Antico-
agulant-CIMEs) and non-anticoagulant-related CIMEs 
over 90 days from DOAC initiation; CIMEs identified 
through masked assessment process including two phy-
sician adjudication of events presented by a pharmacist 
distinct from intervention pharmacist who reviewed par-
ticipant electronic medical records and interview data.
ANALYSIS: Incidence and incidence rate ratio (IRR) 
of CIMEs (intervention vs. control) using multivariable 
Poisson regression modeling.
KEY RESULTS: A total of 561 patients (281 interven-
tion and 280 control patients) contributed 479 antico-
agulant-CIMEs including 31 preventable and ameliora-
ble ADEs and 448 significant anticoagulant medication 

errors without subsequent documented ADEs (0.95 per 
100 person-days). Failure to perform required blood 
tests and concurrent, inappropriate usage of a DOAC 
with aspirin or NSAIDs were the most common antico-
agulant-related CIMEs despite pharmacist documenta-
tion systematically identifying these issues when pre-
sent. There was no reduction in anticoagulant-related 
CIMEs among intervention patients (IRR 1.17; 95% CI 
0.98–1.42) or non-anticoagulant-related CIMEs (IRR 
1.05; 95% CI 0.80–1.37).
CONCLUSION: A multi-component intervention in 
which clinical pharmacists implemented an evidence-
based DOAC Checklist did not reduce CIMEs.
NIH TRIAL NUMBER: NCT04068727
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Prior research identifies anticoagulants, including direct 
oral anticoagulants (DOACs), as the drug class most 

associated with medication harm-related emergency visits 
across the United States.1 In one prior study of DOACs, 
problems with dosing and medication appropriateness 
occurred in 60% of ambulatory care patients prescribed 
a DOAC in outpatient practices.2 Yet, while patients fre-
quently initiate DOACs in ambulatory settings, few studies 
address the risks associated with them in this setting, and 
still fewer rigorously test interventions in this setting to ame-
liorate these risks.3

In hospital settings, clinical pharmacists are routinely 
engaged in the process of initiating DOACs. By contrast, in 
ambulatory care settings, consultation with a clinical phar-
macist is not routinely available and frequently does not 
occur.4 Previous  research5 suggests that clinical pharmacist 
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engagement in ambulatory care medication management can 
be helpful but has seldom focused specifically on anticoagu-
lants. Recently, the Anticoagulation Forum (AC Forum), a 
multidisciplinary nonprofit organization focused on antico-
agulation issues, endorsed the DOAC Checklist for Opti-
mal Care Transitions (DOAC Checklist) to delineate the 
steps required to ensure a safe transition of care in patients 
prescribed DOACs.6 These steps include evaluation of the 
appropriateness of DOAC, confirmation of the affordabil-
ity and access of DOAC prescribed, patient education, tel-
ephone access to anticoagulation expertise, documentation  
of key information with hand-off to continuity provider, and 
renal and hepatic function monitoring.

In undertaking this study, we postulated that implement-
ing the DOAC Checklist in busy ambulatory care settings 
would benefit from systematic pharmacist involvement 
focused on each checklist step for patients starting or restart-
ing DOACs in an ambulatory setting. Those diagnosed with 
deep vein thrombosis (DVT) predominate in this group, 
but growing numbers of patients diagnosed with pulmo-
nary embolism (PE)—i.e., the more severe form of venous 
thromboembolism (VTE)—are being discharged from the 
emergency department or after short-stay hospitalization 
(i.e., both of which represent ambulatory care settings with 
more limited resources and reimbursement for services).7 In 
addition, many patients with new-onset or persistent atrial 
fibrillation (AF) require ambulatory anticoagulant initia-
tion. Finally, some patients previously prescribed DOACs 
but stopping them due to a complication (including stroke or 
other emboli, worsening of existing VTE, or bleeding) may 
decide to re-initiate a DOAC.

Given the diversity of indications for DOACs, ensuring 
the appropriateness of DOAC use requires a careful review 
of patient factors that may affect DOAC safety. After mak-
ing the decision to start a DOAC, patients and their families 
require support as they learn to use DOACs. Clinical phar-
macists have the training to assess the appropriateness of 
DOACs and can assist ambulatory care providers in assess-
ing the appropriateness of DOAC initiation. Pharmacists 
are also trained in providing patient education and support 
for medication initiation and in assuring needed laboratory 
monitoring. Finally, pharmacist scopes of practice include 
coordination of medication care between patients and ambu-
latory care providers. These critical pharmacist skills have 
the potential to enhance the implementation of the DOAC 
Checklist.

In summary, the goal of this study was to rigorously test 
pharmacist-supported implementation of the DOAC Check-
list as a method for reducing DOAC-related adverse events 
among ambulatory care patients. Our objectives were to 
develop and implement an intervention to reduce clinically 
important medication errors (CIMEs) among patients who 
newly initiated DOACs or who restarted them after a com-
plication. CIMEs include preventable adverse drug events 

(ADEs), ameliorable ADEs, and medication errors. To 
accomplish this, we adapted and operationalized the DOAC 
Checklist to create a feasible, comprehensive, standardized 
intervention led by a clinical pharmacist, and compared 
CIMEs between patients randomized to our intervention 
and control patients.

METHODS

Ethics Review The UMass Chan Medical School institutional 
review board reviewed and approved this study.

Population/Setting We enrolled ambulatory patients within 
four days of an ambulatory encounter in which a provider 
initiated a DOAC or resumed one after a complication. Eli-
gible encounters included those occurring in an office or 
emergency department or as a short-stay hospitalization (< 3 
midnights) within our health care system in Massachusetts. 
Complications included a worsening or lengthening of a 
DVT or propagation of a DVT into a PE, stroke, transient 
ischemic attack (TIA), systemic embolism, or bleeding fol-
lowing established definitions for major and clinically rel-
evant major hemorrhage.8,9 We included patients speaking 
English, Spanish, or Portuguese and excluded individuals 
under the age of 18, prisoners, and pregnant patients.

Recruitment To recruit patients, we advertised widely and 
offered providers multiple ways to refer patients to us. We 
also screened our electronic health record (EHR) daily for 
positive imaging results consistent with VTE and medication 
orders consistent with new starts of DOACs and recruited 
all those initiating a DOAC between 03-11-2020 and 05-25-
2021. In order to attract provider referrals and patient partici-
pation, we distributed manufacturer-based 30-day free trial 
coupons along with our other recruitment materials (intro-
ductory letter and fact sheet to facilitate verbal consent) to all 
potential patients. We also offered to fill out manufacturer-
based medication payment assistance forms.

Intervention Pharmacist Training The PI (AK) trained each 
pharmacist on the intervention protocol and observed a mini-
mum of five consultations before allowing the pharmacist to 
work independently.

Baseline Interview After calling patients and obtaining con-
sent, we conducted a structured interview to collect informa-
tion about demographics, health literacy, and prior antico-
agulant use.

Randomization Following precedence,10 we randomized 
patients to our intervention or control groups using a table of 
randomly permuted blocks of 2, 4, 6, or 8 based on qualifying 
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condition for entry into the study including (1) participants 
with new or worsening episodes of VTE and (2) those with 
atrial fibrillation, stroke, TIA, systemic embolism, or bleeding. 
We also stratified patients based on whether they were referred 
or had already been a patient within a dedicated anticoagula-
tion clinic at the time of randomization. The anticoagulation 
clinic within our health system provided medication super-
vision for patients receiving DOACs but without pharmacist 
consultation. Providers were free to refer patients to the clinic, 
but there was no specific prompt or protocol to make a referral.

Study Intervention Table 1 contains the components of our 
intervention.

Control Patients All enrolled patients had previously 
received recruitment materials (DOAC coupons and our offer 
to complete manufacturer-based medication payment assis-
tance forms). After enrollment, we mailed patients in both 
study arms the same educational materials. Control patients 
had access to standard pharmacy resources within our sys-
tem but no access to study intervention-trained pharmacists.

Table 1  Intervention Protocol Adapted from Direct Oral Anticoagulant (DOAC) Checklist

* We offered coupons, assisted with completing manufacturer-based medication payment assistance applications, and mailed educational materials 
to both intervention and control patients in order to attract patients and providers

Checklist feature Description of feature Staff member delivering feature Timing of delivery

Assess DOAC appropriateness • Reviewed patient charts for appro-
priateness

Intervention pharmacist (a clinical 
pharmacist)

Within seven days of randomization

Ensure access and affordability • Distributed coupons and informa-
tion about manufacturer-based 
medication payment assistance 
programs*

• Offered help with completing these 
applications*

Study staff During the 90-day study period

Provide DOAC education • Provided intervention patients 
with education regarding medica-
tion interactions, especially those 
related to concomitant use of 
DOACs with aspirin or nonsteroidal 
anti-inflammatory drugs (NSAID). 
The pharmacist’s approach was to 
solicit patient understanding and 
then remediate as required. (See 
Appendix A.)

• Mailed the patient educational 
materials after the first tele-visit. 
(See Appendix B.) *

Intervention pharmacist In up to 3 telephone consultations 
(tele-visits). First call within 
1 week of randomization. The sub-
sequent two calls occurring 31–60 
and 61–90 days from randomiza-
tion, respectively

Hotline • Provided patients with a number 
to call to discuss any medication 
issue from 6AM-10 PM, seven days 
a week

Intervention pharmacist During the 90-day study period

Dose de-escalation • Instructed patients about the dose 
de-escalation required for apixa-
ban and rivaroxaban recorded this 
instruction in the EHR

Intervention pharmacist During the 90-day study period

Communication/handoff to 
continuity provider

• Documented in a progress note 
if she had any concerns and then 
routed the note for review by the 
patient’s continuity care provider in 
our institution’s EHR

• Notified the patient’s prescriber in a 
brief staff message composed when 
routing the note of the visit to the 
provider if the patient was missing 
any lab work

• Included instructions for dura-
tion and monitoring of DOAC in 
EHR documentation for the third 
tele-visit

Intervention pharmacist After each tele-visit

Perioperative support/lab work • Made recommendations on the 
interruption and resumption of 
anticoagulant for surgery

• Made recommendations for the tim-
ing of follow-up bloodwork in the 
third tele-visit note

Intervention pharmacist During the 90-day study period
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Exit Interview We conducted exit interviews with patients 
after 90 days had elapsed from the day of randomization. In 
the interview, we followed the approach of Forster and col-
leagues 11 and others, 12–14 assessing the patient’s condition 
since randomization by using a full review of organ systems.

Chart Review by Research Pharmacists One of the 
research pharmacists (CC, WT, and CB), distinct from 
the intervention pharmacists, reviewed each enrolled 
patient’s chart (electronic medical record) and interview 
data over the 90 days post-randomization to identify 
DOAC-related medication errors. We instructed them 
to ignore notes by intervention pharmacists when per-
forming their review. We masked the allocation status 
of control patients by uploading dummy intervention 
pharmacist notes into control patient records prior to 
the reviews. Pharmacist reviewers relied on the follow-
ing established definitions:15

Clinically Important Medication Errors Medication errors 
may or may not result in ADEs. Clinically important medi-
cation errors (CIMEs) included the combination of prevent-
able and ameliorable ADEs and medication errors as defined 
below.

Preventable ADEs Preventable ADEs include adverse events 
directly related to a medication error that caused the patient 
any degree of harm.

Ameliorable ADEs Ameliorable ADEs include adverse events 
that worsened (increased in duration or severity) because of 
an error, although reviewers judged that the ADE occurred 
in the absence of an error.

Medication Error Any error in prescribing, filling, or moni-
toring a medication or patient adhering to a medication that 
was not associated with a subsequent ADE during the 90-day 
follow-up.

Outcome Adjudication Two of the faculty physicians (AK, 
SJ, CD, MI, or JG) reviewed each event presented by a 
research pharmacist during teleconferences. As train-
ing, each physician reviewed a minimum of four practice 
charts with the principal investigator (AK). From these 
practice sessions, we developed a quick reference sheet 
to guide physician adjudications in common scenarios. 
(Appendix C) After listening to the pharmacist’s presenta-
tion of an event, each physician recorded their adjudica-
tion for the presence of an event, its severity, and its pre-
ventability. They also recorded whether the event involved 
an anticoagulant, typically the DOAC prescribed. Then, 
they discussed their responses to achieve consensus. 
Physicians were masked to the treatment allocation of 
enrolled patients.

Measures Our primary study outcome measure was the 
frequency of anticoagulant-related CIMEs as described 
above. Secondarily, we tracked the total number of non-
anticoagulant CIMEs. We measured the covariates, listed 
in Table 1, from the baseline interview or from electronic 
health records.

Analysis We estimated the mean incidence rates of primary 
and secondary outcomes within each group (intervention and 
control). Denominators included up to 90 person-days after 
randomization excluding days after patients died. We then 
calculated incidence rates as events per 100 person-days. 
For the primary and secondary outcomes, we calculated the 
ratio of the CIME incidence rates for the intervention and 
control groups (i.e., incidence rate ratios) by constructing 
multivariable Poisson regression models which accounted 
for the number of days each participant contributed, adjusted 
for several covariates including age, gender, race-ethnicity as 
a composite variable, income, educational level, health lit-
eracy, qualifying indication for entry into the study (venous 
versus non-venous), previous anticoagulant use, referral to 
anticoagulation clinic, chronic kidney disease, and anemia. 
We also included the number of medications in a patient’s 
active list in the electronic health record at the time of rand-
omization. We also examined the interaction of our interven-
tion with two covariates—qualifying condition for entry into 
study and health literacy—to see if the effect of our interven-
tion varied in subsets based on those variables.

RESULTS
We identified 875 eligible patients and randomized 561 
patients of them including 281 intervention and 280 control 
patients (Fig. 1) For health literacy, we found 74.2% had 
high health literacy based on confidence in filling out medi-
cal forms. Most patients had VTE (69.7%) as the qualifying 
condition for enrollment in our study. Few people received 
a referral to our anticoagulation clinic (4.1%). Across inter-
vention and control groups, there was a good balance in all 
demographic and patient characteristics with the exception 
of a household income of less than $20,000 per year being 
more common among control patients (14.3%) versus inter-
vention patients (6.8%). (Table 2) Within the stratum of 
patients with venous qualifying conditions for entry into the 
study, there were trends toward greater imbalance in age and 
income with more patients with age 76 + in the intervention 
group (14% versus 11%) and fewer patients with income less 
than $20,000 per year (Appendix D).

Physician reviewers identified 479 anticoagulant-related 
clinically important CIMEs for an incidence rate of 0.95 
errors per 100 person-days. Medication errors without a 
resulting ADE constituted the vast majority of errors with 
448 for an incidence rate of 0.89 per 100 person-days. There 
was no significant difference in the incidence rate for the 
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intervention and control patients with an adjusted incidence 
rate ratio of 1.17 (95% CI 0.98–1.42). (Appendix E for full 
model results.) Physician reviewers identified 230 non-anti-
coagulant-related CIMEs for an incidence rate of 0.46 per 
100 person-days with no difference between intervention and 
control patients (Table 3). We did not observe any signifi-
cant interaction between the effect of our intervention and 
the qualifying condition for entry into the study or health 
literacy (p value 0.80 and 0.49, respectively).

We also note several features of the 709 total CIMEs we 
identified (Table 4). One-third (235/709) occurred within 
the first 7 days after randomization, and another 235 within 
the first 28 days. In 43.5% of the 709 CIMEs, only an antico-
agulant was involved. Of these cases, failure to order routine 
laboratory tests recommended by our facility when initiating 
DOACs was the most common (9.5%). Concurrent usage of 

aspirin or NSAID made up another 21.1% of errors. When 
considering just the 67 adverse drug events (i.e., ameliora-
ble or preventable ADEs), most were less serious in nature 
(65.7%) and constituted temporary harm (85.1%) not requir-
ing hospitalization or intervention to sustain life. In sum-
mary, the CIMEs we identified, in general, occurred very 
soon after the index event and mostly comprised of medi-
cation errors (as opposed to actual ADEs); failure to order 
bloodwork and discontinuation of aspirin and NSAIDs pre-
dominated among these errors.

DISCUSSION
Our study results are in contrast to other published work. 
Having pharmacists participate in the care of ambulatory 
patients has been shown to reduce the rate of ADEs by as 

Eligible (n= 875)

Excluded (n= 281)
Declined; too soon after diagnosis(n=2)
Declined; too sick (n=4)
Declined; too Busy (n=11)
Declined; Not interested (n=57)
Proxy declined (n=5)
Declined; other (n=18)
Declined; already taken DOAC (n=3)
Unable to Reach (n=95)
No attempt (n=53)
Other reasons (n=33)

Consented (n= 594)

Excluded (n= 33)
Declined after consenting (n=6)
Unreachable for baseline interview (n=27)

Randomized (n= 561)

Control (n= 280) Intervention (n= 281)
• Received 1 Pharm Call (n=17)
• Received 2 Pharm Calls (n=42)
• Received 3 Pharm Calls (n=208)
• Received No Pharm Calls (n=14)

Screened

Enrolled

Allocated

Analysis

Flow of Patients Screened to those Randomized and having received 
Intervention Calls from the Study Pharmacist

Fig. 1  Flow of patients screened to those randomized and having received intervention calls from the study pharmacist.
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Table 2  Key Characteristics for Enrolled Patients Stratified by Intervention vs. Control Allocation

* Comparison between intervention and control had a chi-square p value < 0.05; for all other comparisons p value > 0.05
† Beyond high school includes: 1–3 years college/post high school trade or technical, college graduate, post graduate education
‡ Patients with low confidence rated their confidence as a little bit, somewhat, not at all, prefer not to answer, and missing responses
§ Patients with high confidence rated their confidence as: extremely, quite a bit
‖ Patients with low health literacy answered: agree, strongly agree, and prefer not to answer in response to the statement: I have a hard time under-
standing when people speak quickly). Missing responses were counted as low health literacy
¶  Patients with high health literacy answered: strongly disagree and disagree in response to the statement: I have a hard time understanding when 
people speak quickly)
# Hemoglobin < 13 g/dL (Male), < 12 g/dL (Female). Percentages based on the original patient count
** High school or below includes high school graduate, ≤ high school, prefer not to answer, missing
Ω Non-venous condition includes atrial fibrillation, systemic embolism/acute limb ischemia, resumption of anticoagulation after
bleeding; venous indication included new or worsened episode (e.g., extension or propagation of previously diagnosed DVT)
± Defined by established  criteria2as a creatinine clearance calculated in mL/min/1.73m2 units for each stage: > 90 (stage 1), 60–80 (stage 2), 30–59 
(stage 3), 15–29 (stage 4), < 15 (stage 5)

Category All 
Frequency
(% out of 561)

Intervention group 
Frequency
(% out of 281)

Control group 
Frequency
(% out of 280)

Demographics
  Age
     < 50 125 (22.3) 72 (25.6) 53 (18.9)
    50–65 195 (34.8) 92 (32.7) 103 (36.8)
    66–75 134 (23.9) 62 (22.1) 72 (25.7)
    76 + 107 (19.1) 55 (19.6) 52 (18.6)
  Female sex 251 (44.7) 127 (45.2) 124 (44.3)
  Race/ethnicity
    Asian/other 14 (2.5) 7 (2.5) 7 (2.5)
    Hispanic 54 (9.6) 24 (8.5) 30 (10.7)
    Non-Hispanic Black 24 (4.3) 11 (3.9) 13 (4.6)
    Non-Hispanic White 469 (83.6) 239 (85.1) 230 (82.1)
  Income
     < 20,000 59 (10.5) 19 (6.8) 40 (14.3)*

    20–49,999 120 (21.4) 59 (21.0) 61 (21.8)
    50–99,999 122 (21.8) 71 (25.3) 51 (18.2)
     > 100,000 132 (23.5) 69 (24.6) 63 (22.5)
    Prefer not to answer/don’t know/missing 128 (22.8) 63 (22.4) 65 (23.2)
  Education
    High school or  below** 198 (35.3) 96 (34.2) 102 (36.4)
    Beyond high  school† 363 (64.7) 185 (65.8) 178 (63.6)

Health Literacy
  Confidence filling out medical forms
    Low health  literacy‡ 145 (25.8) 69 (24.6) 76 (27.1)
    High health  literacy§ 416 (74.2) 212 (75.4) 204 (72.9)
  Hard time understanding when people speak quickly
    Low health  literacy‖ 210 (37.4) 104 (37.0) 106 (37.9)
    High health  literacy¶ 351 (62.6) 177 (63.0) 174 (62.1)

Anticoagulation prescribing related issues
  Qualifying  ConditionΩ

    Non-venous condition 170 (30.3) 86 (30.6) 84 (30.0)
    Venous thromboembolism 391 (69.7) 195 (69.4) 196 (70.0)
  Referral to Anticoagulation Clinic 23 (4.1) 12 (4.3) 11 (3.9)
  Prior use of anticoagulation 147 (26.2) 81 (28.8) 66 (23.6)
  Anticoagulant Prescribed
    Apixaban 486 (86.6) 245 (87.2) 241 (86.1)
    Dabigatran 1 (0.2) 0 (0) 1 (0.36)
    Rivaroxaban 74 (13.2) 39 (13.6) 35 (12.5)
  Chronic Kidney  Disease±

    Stage 1 320 (57.0) 156 (55.5) 164 (58.6)
    Stage 2 132 (23.5) 70 (24.9) 62 (22.1)
    Stage 3 74 (13.2) 35 (12.5) 39 (13.9)
    Stage 4/5 8 (1.4) 6 (2.1) 2 (0.7)
   Anemia# 187 (33.3) 107 (38.1) 80 (28.6)
  Count of total medications
    0–5 115 (20.5) 55 (19.6) 60 (21.4)
    6–10 138 (24.6) 71 (25.3) 67 (23.9)
    11–15 100 (17.8) 47 (16.7) 53 (19.0)
    16 + 88 (15.7) 44 (15.6) 44 (15.7)
    Missing 120 (21.4) 64 (22.8) 56 (20.0)

3531



JGIMKapoor et al.: The Leave Safe with DOACs Randomized Controlled Trial

much as 50%.5 In a previous study we conducted, having a 
pharmacist conduct an intervention that included in-person, 
home-based consultation and a follow-up phone call did not 

Table 3  Frequency, Incidence Rate, and Incidence Rate Ratio of Anticoagulant and Non-Anticoagulant-Related Clinically Important 
Medication Errors for Intervention versus Control Patients

Abbreviations: AC = anticoagulation, ADE = adverse drug event, CIMEs = clinically important medication errors, CI = confidence interval, 
IR = incidence rate, IRR = incidence rate ratio
* Frequency of event per 100 person-days
** Given small number of preventable and ameliorable ADEs, we only report IRR for composite outcomes of AC CIMEs and
non-AC CIMEs
¥ Adjusted for age, gender, race/ethnicity, income, education, health literacy, qualifying condition, referral to the anticoagulation clinic, prior AC 
use, AC medication, chronic kidney disease, anemia, and total number of medications

Total Intervention Control IRR (95% CI)**

Frequency IR* Frequency IR Frequency IR Unadjusted Adjusted¥

AC-CIMEs 479 0.95 253 1.05 226 0.91 1.11 (0.93– 1.32) 1.17 (0.98–1.42)
 Preventable ADEs 27 0.05 16 0.06 11 0.04
 Ameliorable ADEs 4 0.01 3 0.01 1 0.004
 Medication errors 448 0.89 234 0.93 214 0.86

Non-AC-CIMEs 230 0.46 121 0.48 109 0.44 1.09 (0.85–1.42) 1.05 (0.80–1.37)
 Preventable ADEs 28 0.06 14 0.06 14 0.06
 Ameliorable ADEs 8 0.02 4 0.02 4 0.02
 Medication Errors 194 0.39 103 0.41 91 0.36

Table 4  Characteristics and Frequency of Clinically Important Medication Errors

Abbreviations: ADE = adverse drug event, CIMEs = clinically important medication error
* Reported by the patient at the time of exit interview without specification of date
** Examples of each severity category: Less serious (non-urticarial rash, fall no fracture, bleeding without transfusion), serious (urticaria, falls with 
fracture, bleeding with transfusion); life-threatening (bleeding with hypotension, hypoglycemic encephalopathy)
ΩΩ Category included blood pressure and medications to control heart rate and arrhythmia
¥ National Coordinating Council for Medication Error Reporting and Prevention

Characteristic of CIMEs Frequency (% out of n = 709)

All CIMEs
  Type
    Preventable ADE 55 (7.8)
    Ameliorable ADE 12 (1.7)
    Medication errors 642 (90.5)
  Days elapsed from randomization
    0–7 235 (33.1)
    8–28 235 (33.1)
    29–90 197 (27.8)
    Unclear timing* 42 (6.0)
  Medication regimens involved
    Anticoagulant alone 302 (43.5)
    Anticoagulant + aspirin 85 (12.2)
    Anticoagulant + NSAIDs 62 (8.9)
     CardiovascularΩΩ 41 (5.9)
    All remaining regimens 204 (29.4)

CIMEs excluding medication errors Frequency (% out of n = 67)
  Severity of ADE**
    Less serious event 44 (65.7)
    Serious event 20 (29.8)
    Life-threatening 3 (4.5)
    Fatal event 0
  NCC MERP harm  category¥

    E: Temporary harm 57 (85.1)
    F: Harm leads to hospitalization 9 (13.4)
    G: Harm contributes to permanent injury 0
    H: Harm requires intervention to sustain life 1 (1.5)
    I: Harm contributes to death 0

find a reduction in clinically important medication  errors14 
for older adults hospitalized and subsequently discharged 
on high-risk medications including anticoagulants.16 Our 
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current study showed a higher overall incidence of CIMEs 
(1.41 vs. 0.60 per 100 person-days) than the previous study 
but a lower incidence of preventable and ameliorable ADEs 
(0.12 vs. 0.44 per 100 person-days). In the previous study, 
patients were sicker by virtue of all requiring hospitalization 
and being 65 years and older. Our current intervention for 
ambulatory patients extended the participation of a pharma-
cist beyond the immediate post-discharge period to 90 days. 
In addition, we focused on a distinct group of patients pre-
scribed the highest-risk class of medication transitioning 
from the ambulatory setting back to home. To our knowl-
edge, no one has analyzed this particular group of patients 
or assessed the effectiveness of the DOAC Checklist. Miele 
et al. found that the use of pharmacists following a DOAC 
dosing guide led to a reduction in inappropriate dosing from 
32.4% down to 13.8%.17 We did not find as many dosing 
errors. Rather, more of the errors we found came from the 
concomitant use of DOACs with aspirin or NSAIDs and 
from failure to order baseline laboratories.

Our findings raise questions about how best to utilize 
pharmacist time as part of efforts to reduce DOAC-related 
medication errors and adverse events. Rates of preventable 
and ameliorable ADEs were low in our health system over 
90 days of follow-up, and the time spent on consultations 
was significant. Understanding the usefulness of our inter-
vention would benefit from knowing how often medication 
errors detected within 90 days resulted in an ADE after-
wards. One report found over 20% of patients followed up 
to 2 years developed renal dysfunction with DOAC dosing 
implications.18 Surveillance and stewardship strategies using 
informatics-based tools within the electronic health record 
have been proposed and may be able to detect, at lower cost, 
many of the errors we found.19 The CIME outcome includ-
ing medication errors, preventable ADEs, and ameliorable 
ADEs comprise a set of modifiable outcomes that have been 
identified as a safety priority by the Agency for Health-
care Research and Quality.15 Several studies have already 
successfully implemented this outcome to understand the 
impact of various medication safety interventions.14,16,20

Our intervention consisting of pharmacist consultation 
delivered remotely over three months as part of a larger 
checklist to facilitate a transition in care from the ambulatory 
setting to home for patients taking DOACs does not appear 
to be able to reduce CIMEs in the first three months of use 
after initiation or complication. Errors related to not ordering 
proper laboratory tests and continuing aspirin or NSAID in 
the presence of a DOAC were the most common error types. 
Indirectly, they provide evidence that providers did not fol-
low up or act on pharmacist recommendations despite being 
templated in pharmacist documentation. Reducing errors 
may require intervention beyond what pharmacists can pro-
vide without the active collaboration of providers. There is 
likely an acculturation phase during which providers and 

patients increasingly expect and value communication from 
pharmacists before being willing to consistently implement 
their recommendations. This is particularly true in the ambu-
latory setting where there may be less interaction between 
clinical pharmacists and providers. Empowering pharmacists 
to order labs and deprescribe medications would be another 
avenue toward decreasing CIMEs as demonstrated in a pre-
vious study.21

We acknowledge multiple limitations to our findings. Con-
trol patients received assistance with access and affordability 
which are items included on the DOAC Checklist. This lim-
its our ability to compare the benefit of the entire checklist 
compared to usual care. Providing these services to control 
patients, however, likely increased our recruitment rate and 
thereby the representativeness of our sample. In a related 
limitation, we do not know the impact of local, community-
based pharmacists or other community-based services. Our 
randomized design with more than 500 patients should have 
mitigated confounding by these external services. In addi-
tion, our study was a single-center trial which has known 
limitations.22 Also, although we met with the directors of 
each of the practices caring for study patients, we did not 
meet with individual providers, relying rather on practice 
leaders to disseminate information about our study. Further 
facilitation would likely have increased the readiness of pro-
viders to review and act on recommendations documented 
by pharmacists in the EHR. We tracked the frequency that 
providers did not adhere (but not the frequency that they did 
adhere) to a pharmacist’s recommendation to order blood-
work or discontinue aspirin or a NSAID. We also note that 
we allowed up to seven days for the first pharmacist visit 
and, thus, may have missed the benefit of early pharmacist 
consultation among some patients. There may also be dif-
ferences in the effectiveness of the intervention in patients 
referred by providers who were aware of and engaged with 
our study goals compared with patients recruited through 
electronic reports. Small numbers of the former group limit 
our ability to discern the differential effect.

In conclusion, our intervention framed around the DOAC 
Checklist did not reduce CIMEs. Our findings raise questions 
about how best to utilize pharmacist time as part of efforts to 
reduce DOAC-related medication errors and adverse events. 
Low rates of ADEs in our health system, the absence of 
longer-term follow-up to understand the correlation of medi-
cation errors to downstream ADEs, and assistance provided 
to control patients limit the ability to extrapolate more gener-
ally about the impact of our findings.
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