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Abstract

Perfect adherence to anticoagulant medications is an important aspect of
care for patients with atrial fibrillation undergoing cardiac electrophysi-
ology procedures to minimize the risk of stroke. Despite this, adherence
remains imperfect as is associated with added cost of additional proce-
dures (e.g., transesophageal echocardiography) and administrative bur-
den. We sought to identify characteristics of such patients and predictors
of medication errors at Beth Israel Deaconess Medical Center.
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Introduction

The use of anticoagulants in patients with atrial fibrillation (AF)
reduces the burden of thromboembolic complications, but ad-
herence in real world populations is suboptimal. The increasing
use of direct-acting oral anticoagulants (DOACs), which do not
require regular laboratory-based monitoring, has only margin-
ally improved rates of adherence over warfarin, with rates of
adherence with DOACs as low as 50% in some studies [1, 2].

Certain cardiac electrophysiology procedures, including
direct current cardioversion (DCCV), pulmonary vein isola-
tion (PVI), and atrial flutter ablation (AFA), are associated
with an increased thromboembolic risk, which is substantially
reduced by ensuring perfect adherence to anticoagulation ther-
apy in the 3 weeks preceding the procedure. Failure to so has
been associated with a 6.8% rate of systemic embolism after
cardioversion compared with 0.8% when there is adequate an-
ticoagulation (P = 0.012) [3].

Because of this risk, non-adherence to anticoagulation pri-
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or to one of these procedures may necessitate a transesophageal
echocardiogram (TEE) to evaluate the possibility of intracar-
diac thrombus, or the procedure may have to be rescheduled.
We sought to understand the rate and predictors of incomplete
adherence to anticoagulation prior to procedures for AF and
atrial flutter as well as the clinical administrative burden as-
sociated with managing these lapses in adherence.

Materials and Methods

We conducted a retrospective cohort study of all outpatient
DCCVs, PVIs, and AFAs scheduled at Beth Isracl Deaconess
Medical Center (BIDMC) over a 1-year period from March
29, 2019 until March 28, 2020. We used billing data to col-
lect components of the CHA,DS2-VASc score [4] using select
ICD-10 codes as has been previously described [5]. Patients’
ZIP codes were used to determine the median income and pov-
erty rate of the patients’ areas of residence using publicly avail-
able data from the US Census Bureau [6] since socioeconomic
status has been shown to be a risk factor for non-adherence [7].
This project was approved by the BIDMC Institutional Review
Board and was in ethical compliance with the Declaration of
Helsinki.

We identified all reported medication problems in the 3
weeks preceding a scheduled procedure, consisting of missed
or wrong doses of DOACs and subtherapeutic international nor-
malized ratio (INR) if a warfarin was used. Errors were identi-
fied by a team of registered nurses who performed an intake
interview with each patient on the day prior to their scheduled
procedure. We also recorded the action taken by the responsi-
ble physician once a medication problem was discovered: pro-
cedure cancellation, addition of a TEE, or continuing with the
procedure as scheduled. These correspondences took place via
an email distribution list which was monitored to determine the
volume of emails pertinent to anticoagulation issues.

Statistical analysis was performed using JMP/14 software
(SAS Institute Incorporated, Cary, North Carolina). Compari-
sons were performed with Fisher’s exact test for categorical
variables and #-test for continuous variables.

Results

A total of 1,248 relevant outpatient electrophysiology proce-
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Table 1. Patient Characteristics

All procedures

Procedures with medica-

Procedures without medica-

ELELEE O (N =1,248) tion problems (N = 140) tion problems (N = 1,108) AL
Age 68 £ 11 69+ 11 68+ 11 0.439
Gender

Women, N (%) 412 (33) 45 (32.1) 367 (33.1) 0.816
Race/ethnicity, N (%) 0.291

Asian 18 (1.4) 4(2.9) 14 (1.3)

Black 70 (5.6) 9 (6.4) 61 (5.5)

Hispanic 18 (1.4) 0(0) 18 (1.6)

White 972 (77.9) 106 (75.7) 866 (78.2)

Not reported 170 (13.6) 21 (15.0) 149 (13.5)
Not primarily English-speaking, N (%) 82 (6.6) 12 (8.6) 70 (6.3) 0.311
Insurance type, N (%) 0.457

Commercial 709 (56.8) 74 (52.9) 635 (57.3)

Medicare 515 (41.3) 64 (45.7) 451 (40.7)

Safety Net 24 (1.9) 2(1.4) 22(1.9)
CHA,DS,-VASc 3.0+1.9 3.1+£1.8 3.0£1.9 0.575
BMI 30.2+6.7 30.2+6.3 30.3+£6.8 0.914
Creatinine 1.2+0.8 14+12 1.2+0.8 0.098
Warfarin use, N (%) 193 (15.5) 43 (30.7) 150 (13.5) <0.0001
Median income $94,622 + $33,962  $93,884 + $35,348 $94,717 + $33,796 0.785

Poverty rate 9.7£7.5% 10.4+8.2% 9.6£7.4% 0.200
Procedures, N (%) 0.002

DCCV 756 (60.6) 92 (65.1) 664 (59.9)

PVI 307 (24.6) 41(29.3) 266 (24)

Atrial flutter ablation 185 (14.8) 7(5) 178 (16.1)

Unless otherwise specified, parameters are expressed as mean + standard error. The listed P values relate to the comparison of procedures with
medication problems versus procedures without medication problems. BMI: body mass index; CHA,DS,-VASc: congestive heart failure, hyperten-
sion, age, diabetes mellitus, stroke/systemic embolism, vascular disease; DCCV: direct current cardioversion; PVI: pulmonary vein isolation.

dures were scheduled during the study period, consisting of
756 DCCVs, 307 PVIs, and 185 AFAs.

Mean age was 68 years, and 33% were women. Other pa-
tient characteristics are detailed in Table 1. Prescribed antico-
agulants included 85.5% DOACs and 15.5% warfarin. Among
DOAC:s, rates of use of apixaban, rivaroxaban, and dabigatran
were 65.6%, 31.9%, and 2.5%, respectively.

Among patients scheduled for these procedures, there
were 140 medication problems affecting 11.2% of procedures.
A total of 31% occurred in patients on warfarin and the re-
mainder in patients receiving DOACs. There was no differ-
ence in age, body mass index, CHA,DS,-VASc score, serum
creatinine, insurance type, race, or English-speaking status be-
tween the two groups. Median income and poverty rate were
not different across groups in the residential ZIP codes of the
two groups.

Specific medication problems included missed dose (N =
85, 60.7%), incorrect dose (N = 12, 8.6%), and subtherapeutic
INR (N =34, 30.7%) (Fig. 1). As a result, 100 patients (71.4%)
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had an add-on TEE and 22 patients (15.7%) had the sched-
uled procedure cancelled (Fig. 2). Despite the medication
problem, 18 patients (12.8%) were able to have their proce-
dure as planned (for instance, due to a nearly in-range INR or
perception of low embolic risk). Among the 100 patients who
underwent TEE add-on, four (4%) had intracardiac thrombi
detected.

There was no difference in the rate of errors among pa-
tients taking once-daily DOACS versus twice daily DOACs
(P=0.10).

During the study period, there were an average of 3.1
emails per workday (816 per year), or 0.7 emails per procedure
(1,248 procedures) regarding care coordination for medication
problems.

Direct costs of add-on TEEs, which would not have oth-
erwise been required in the absence of medication problems,
resulted in nearly a half-million dollars in additional charges to
payors. There were also indirect costs of administrative care co-
ordination (e.g., email) which remain challenging to quantify.
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Figure 1. Failure mode of anticoagulation strategy. Types, numbers,
and frequencies of medication problems among patients prescribed
DOACs and VKAs. DOACs: direct-acting oral anticoagulants; VKAs:
vitamin K antagonists.

Discussion

Among patients scheduled to undergo 1,248 procedures at a
single center, medication errors related to the required anti-
coagulation therapy in the 3 weeks prior to the procedure oc-
curred in 11.2% of patients, requiring the addition of TEE in
the majority of these patients. Warfarin use was associated
with more frequent medication errors than the use of DOACs.
Strategies to improve adherence to anticoagulation therapy in
this high-risk period are needed.

Limitations

Unlike with warfarin, confirmatory serum testing for DOACs
is not routinely available or utilized, possibly leading to un-
derreporting of medication errors in patients taking DOACs;
patients’ self-report of DOAC adherence may be inaccurate.
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Figure 2. Actions taken in response to medication problems. Frequen-
cies of management strategies were undertaken to address medication
problems. TEE: transesophageal echocardiogram.
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