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Abstract

Background—-cClinical guidelines recommend anticoagulation for patients with atrial fibrillation
(AF) at high risk of stroke; however, studies report 40% of this population is not anticoagulated.

Objective—To evaluate a population health intervention to increase anticoagulation use in high-
risk patients with AF.

Methods—We used machine learning algorithms to identify patients with AF from electronic
health records at high risk of stroke (CHA,,DS5,-VASc risk score =2), and no anticoagulant
prescriptions within 12 months.A clinical pharmacist in the anticoagulation service reviewed
charts for algorithm-identified patients to assess appropriateness of initiating an anticoagulant. The
pharmacist then contacted primary care providers of potentially undertreated patients and offered
assistance with anticoagulation management. We used a stepped-wedge design, evaluating the
proportion of potentially undertreated patients with AF started on anticoagulant therapy within 28
days for clinics randomised to intervention versus usual care.
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Results—Of 1727 algorithm-identified high-risk patients with AF in clinics at the time of
randomisation to intervention, 432 (25%) lacked evidence of anticoagulant prescriptions in the
prior year. After pharmacist review, only 17% (75 of 432) of algorithm-identified patients were
considered potentially undertreated at the time their clinic was randomised to intervention. Over a
third (155 of 432) were excluded because they had a single prior AF episode (transient or
provoked by serious illness); 36 (8%) had documented refusal of anticoagulation, the remainder
had other reasons for exclusion. The intervention did not increase new anticoagulant prescriptions
(intervention: 4.1% vs usual care: 4.0%, p=0.86).

Conclusions—Algorithms to identify underuse of anticoagulation among patients with AF in
healthcare databases may not capture clinical subtleties or patient preferences and may
overestimate the extent of undertreatment. Changing clinician behaviour remains challenging.

BACKGROUND

Atrial fibrillation (AF) represents the most common cardiac arrhythmia, projected to affect
over 12 million patients by 2030.12 AF is associated with mortality and morbidity from
stroke, thromboembolism and related cardiovascular conditions. Extensive evidence
demonstrates the effectiveness of oral anticoagulation therapy at preventing stroke and
thromboembolism in patients with non-valvular AF, with up to 68% reduction in the risk of
ischaemic stroke per year.134

While oral anticoagulants (OAC) effectively prevent stroke and embolic events in patients
with AF, they also increase the risk of major bleeding events.# To balance benefit and risk,
many practice guidelines recommend a tiered approach to management of AF, targeting
preventive oral anticoagulation therapy to patients at higher estimated risk of stroke.*~’
Despite these guidelines, studies have reported that 20%-80% of patients with AF at high
risk of stroke remain untreated with OACs.! Identifying these patients can provide an
opportunity to increase appropriate anticoagulant use, reduce stroke rates and improve
patient outcomes.

Big data and machine learning have been widely touted for improving care.8% However,
machine learning is rarely used in medicine compared with other industries. Recently, the
Food and Drug Administration (FDA) initiated a randomised controlled trial to evaluate an
intervention to increase anticoagulant use in patients with AF and high stroke risk (IMPACT-
AFib).10 The trial uses four large, national administrative healthcare claims databases. The
intervention involves sending letters and educational materials to algorithm-identified
patients and their providers with information about stroke risk.

The objective of this study was similar to the ongoing FDA trial. We evaluated whether a
population health intervention that used machine learning algorithms to identify potentially
undertreated patients with AF from electronic health records (EHR) data and offered support
from an anticoagulation management service (AMS) could increase appropriate
anticoagulation prescribing compared with usual care.
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We implemented our intervention using a randomised stepped-wedge design. Fourteen
primary care clinics affiliated with Brigham and Women’s Hospital (BWH) participated in
the study. Studies were paired by size (patient volume), and one clinic entered the
intervention arm every 28 days (online supplementary appendix 1). Clinics were included in
the “usual care’ arm until their randomised date of entry to the intervention (figure 1). We
requested a waiver of patient consent to work with a BWH EHR research database (online
supplementary appendix 2). The ClinicalTrials.gov registration number is NCT02734875.

The intervention involved (1) applying algorithms to efficiently identify relevant patients
from the EHR, (2) secondary chart review of algorithm-identified patients by clinical staff,
(3) an offer to primary care providers (PCP) to assist with anticoagulation management from
an established clinical service, and (4) targeted reminders from clinical leaders.

Prior to initiating the intervention, we had multiple discussions with clinic medical directors
on the steering committee for the BWH Primary Care PBRN about potential barriers and
benefits of deploying the intervention in the network of clinics. During these discussions, we
piloted the results of the initial algorithm-based screening with a sample of clinic medical
directors to establish the face validity of the population-based screen with respect to their
patients.

We deliberately chose not to use EHR-based alerts asking the PCP to take complex actions
regarding anticoagulant management. Instead we focused on providing information to an
anticoagulation management clinic that could assess clinical subtleties and decide whether it
was appropriate to reach out with an offer of support to help PCPs with identified patients.
There was consensus from clinic leadership that there was value to the intervention and that
bypassing EHR-based alerts with an offer of support from a respected clinical service had
the potential to be effective at eliciting action from PCPs. Feedback that we received from
one clinical leader was that while he is inundated with alerts and emails, he always pays
attention to emails from the AMS.

For each step of the wedge (every 28 days), potentially undertreated patients were identified
using previously validated algorithms for identifying AF and known risk factors for stroke
and major bleeding from the EHR using validated algorithms with high positive predictive
value (PPV) within BWH?! (figure 2, step 1). These algorithms included each component of
the CHA,,DS,,-VASc!? risk score for stroke and the HAS-BFED?3 risk scores for major
bleeding.

We ran our algorithms on data from patients with diagnosed AF who had at least two
encounters within the BWH system within the prior 2 years, using the most current data
extracted from the EHR for research. We further required patients to be alive at the time of
secondary chart review and to have: (1) a listed PCP, (2) a calculated CHA,,DS,,-VASC risk
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of stroke =2, and (3) no record for an OAC prescription within 12 months prior to the
intervention date.

Twenty-eight days before the date that a clinic was randomised to move from ‘usual care’ to
the intervention arm, a list of algorithm-identified patients for the clinic was sent to the
AMS, a long-established clinical service at BWH, for review by a staff clinical pharmacist.
The clinical pharmacist reviewed the identified patients’ charts in the EHR to assess whether
each patient was an appropriate candidate for oral anticoagulation and excluded patients
from the study if the three inclusion criteria were not met, AF was transient or provoked, or
if the clinical pharmacist identified clearly documented evidence in the chart arguing against
anticoagulation. If the clinical pharmacist required help interpreting potentially ambiguous
data from the EHR, a clinician coauthor (MAF) provided additional input.

On the date of randomised entry to intervention, research staff double-checked whether there
was a new prescription for anticoagulant or if there was a record of patient death that may
have occurred after the clinical review. If not, PCPs of potentially undertreated patients were
sent an email from the AMS director, a BWH haematologist with >20 years of experience in
this role and well known to most PCPs, that listed the patients’ estimated 1-year risk of
stroke based on CHA,,DS,,-VASC, risk of bleeding based on HAS-BLED and an offer to
discuss and manage anti coagulation with the patient if the PCP chose to make a referral.
The brief email ended with a question: what action would the PCP like to take? (figure 2,
step 2) PCPs received a follow-up email from AMS at 1 and 2 weeks if they did not respond.
At 3 weeks, the Chief of the General Internal Medicine Division sent an email to the
Medical Director of the primary care clinic encouraging response. These follow-up emails
were specifically designed to highlight the importance that clinical leadership placed on
responding to the offer of clinical support from an AMS or documenting why it was not
necessary.

We describe the proportion of patients with AF identified as potentially undertreated after
(1) validated algorithms, (2) review of EHRs by AMS pharmacist staff, and (3) PCP
responses to AMS request for referral. We categorised reasons why patients were excluded
from the intervention at successive levels of review and the proportion of patients for whom
the PCP responded that they would take action.

Our primary outcome was a comparison of the proportion of algorithm-identified eligible
patients prescribed an OAC in the 28 days after entering the intervention or “usual care’ arm
at each step in the stepped wedge. AMS clinical screening of the algorithm-identified
patients for clinics in the intervention arm was considered part of the intervention.
Additional details are provided in online supplementary appendix 3. In preliminary work,
roughly 5% of algorithm-identified eligible patients were prescribed an anticoagulant within
28 days. The estimated power to detect a change from 5% to 10% with a p value <0.05 was
over 80%. We used Cran R V.3.0.3, package Ime4, and report a two-sided p value.
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Results of assessment

The validated algorithms identified 1727 patients with AF who were at high risk of stroke
and had a listed PCP in the 14 affiliated primary care clinics at the time they were
randomised to intervention. Of these, 25% (n=432) did not have evidence of OAC
prescription within 12 months. Only 17% of the 432 algorithm-identified patients were still
considered potentially undertreated after AMS pharmacist staff review. There were often
numerous reasons identified for excluding algorithm-identified patients. We created a
hierarchy of reasons for exclusion and report the top reason for each patient (figure 3). Out
of 432 reviewed patients with AMS, 2% were dead, 23% had evidence of OAC prescription
from unstructured text, notes, or EHR fields otherwise inaccessible for automated
identification, 3% were no longer with the listed PCP and 37% were excluded because
patients had transient AF—usually only a single distant episode. For 6%, notes indicated
that OAC had been discontinued due to adverse events or comorbidities and 7% stated that
OAC was contraindicated. Overall, ignoring the hierarchy, 8.2% had EHR documentation
that patients had declined OAC. The AMS contacted 43 PCPs by email about 75 patients
who remained eligible after clinical review; 25 PCPs (58%) responded about 44 patients
(59%). Of these 44 patients, PCPs indicated they would consider action regarding OAC for 4
(9.0%) (figure 4). PCPs reported that 7% of the patients were dead, 30% were no longer
under their care, 28% had transient AF, 21% had contraindications and 7% of patients had
undocumented refusal of OAC.

Of the 39 patients excluded due to reported contraindication in AMS review of EHRs or
PCP response, 64% had a prior major bleed, 23% had a history of falls or frailty, 10% had
alcohol/substance abuse problems, 5% were judged to be unable to adhere to therapy and
5% had other contraindications such as amyloid angiopathy, arteriovenous malformation or
severe dementia. Some patients had multiple contraindications.

The free-text PCP responses had several themes. These included that the PCP had discussed
anticoagulation with the patient, but the patient declined; that the patient was not able to
follow through on treatment or had other contraindications; and that the patient’s
cardiologist should make the decision to prescribe anticoagulant (box 1).

There were 412 algorithm-identified patients who met eligibility criteria in intervention
clinics 28 days before as well as on the day their clinic entered the intervention arm. There
were 3364 algorithm-identified patients in ‘usual care’ clinics who met eligibility criteria at
the same time points. Within 28 days of entering the intervention arm, 4.1% (n=17) of
algorithm-identified patients had a prescription for an anticoagulant. Over the same time
period, 4.0% (n=136) of algorithm-identified patients in usual care clinics had an
anticoagulant prescription. There was little evidence to support a difference between
intervention and “usual care’ clinics (p=0.97).

Of the 17 patients in the intervention arm with a prescription for an anticoagulant observed
within 28 days in Enterprise Data Warehouse (EDW) data, 14 had been excluded by AMS
staff in clinical review because the live medical chart indicated that the patient had an
anticoagulant prescription within the prior year (unstructured text or fields that were not
updated in EDW). Two patients who initiated anticoagulant were excluded during AMS
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clinical review because the patients had single episodes of AF in the past but were not
currently in AF. The final patient was included in the intervention. Although the PCP
responded to the AMS by stating that the patient had a single distant episode of AF in the
past and did not make a referral or indicate that action would be taken, a new prescription
for an anticoagulant for this patient was observed in EDW data within 28 days of contact
from AMS.

DISCUSSION

We evaluated an intervention to increase appropriate prescribing of anticoagulation for
patients with AF at high risk of stroke. The intervention was designed to address identified
barriers to appropriate anticoagulation therapy among patients with AF such as lack of
physician awareness, exaggerated perception of bleeding risk and lack of time to address AF
due to competing comorbid conditions.314

We found that the proportion of patients with AF who should have been receiving
anticoagulation but were not was considerably lower than most published estimates. For
patients identified as candidates for anticoagulation, we found that despite intensive
resources and support from clinical leaders, non-response from PCPs was high and the
intervention had little impact on OAC prescribing. Our findings have important implications
for how EHR and other healthcare data are used to measure the quality of care, for how
interventions to address gaps in care are designed and implemented, and for ongoing
research.

Measuring the quality of care for AF

Underuse of anticoagulation for patients with AF has been identified in the medical
literature for many years, but precise measurement has been a challenge, with estimates of
undertreatment in different populations ranging from 20% to 80%.1 Our algorithms applied
in EHR warehouse data identified 25% of patients with AF who apparently did not have a
prescription for an OAC within the last year; however, 23% of these patients had
anticoagulant use documented in free text or other areas of the live EHR inaccessible to our
algorithms. Several possible factors may explain why our results differed from those in the
prior literature.

Our use of EHR-based data as opposed to claims data may have resulted in overestimation
of the proportion of patients receiving anticoagulation. The EHR records anticoagulant
prescriptions but does not verify whether they were filled. Given the well-documented rates
of medication non-adherence,15-17 the actual proportion of patients in our study not
receiving anticoagulation may be higher than what we identified. We did not have claims or
pharmacy data to assess adherence, however such information is becoming more readily
available as healthcare data systems become more integrated.® Those developing quality of
care measures will need to consider how to classify situations where a clinician has
recommended and prescribed anticoagulation but the patient is not adherent.

Relatedly, patient refusal to use OAC accounted for 9% of algorithm-identified patients.
Documentation of patient refusal was not uniform, in some cases the pharmacist reviewing
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charts identified patient refusal and in others it was reported by PCPs. An important area for
future study would be determining how to incorporate patient refusal into measurement of
undertreatment. Many patients had prior complications with OAC or had contraindications
documented in the EHR. There is no current consensus on how these patients should be
counted when measuring the quality of AF care.

Other possible explanations for differences between our findings and prior literature are that
rates of OAC use in patients with AF have increased over time or are higher in the healthcare
system we studied than in other healthcare systems. Neither of these possibilities seem likely
since other recent studies continue to estimate non-treatment rates higher than we identified,
including at least one study from our own institution.1920 A sizeable fraction of patients had
a single time-limited episode of AF in the past, often with a provoking clinical event; the
proportion of patients in this group was similar in our study to that in another recent primary
care-based study of AF and OAC.2 Clinicians did not consider OAC initiation to be
indicated for these patients, and current clinical guidelines do not address this subset
specifically.22 Guideline-developing bodies should address how this subgroup should be
treated.

Challenges for quality of care interventions

Limitations

The factors described above contributed to identification of a smaller than expected number
of patients with “actionable” AF who were considered undertreated. Recognising that alert
fatigue could reduce the impact of an EHR alert-based intervention, we implemented a
clinically nuanced intervention with stronger encouragement to increase appropriate
anticoagulant prescribing.2123-25

Despite this the response rate from clinicians was very low, with the intervention having
essentially no impact. New starts of OAC were identified for 4% of patients in both the
intervention and control groups, identical to a similar recent study.?!

The struggle to measure clinical subtleties and patient preferences from EHR data as well as
low PCP response rates are not unique to our study. Primary care clinicians are already
struggling with daunting demands when attempting to manage ageing and increasingly
complex patients in time-limited office visits. The challenges we experienced, in spite of
pharmacist screening of algorithm-identified patients to minimise PCP contacts for patients
in whom a discussion about anticoagulation was clinically inappropriate and offers clinical
support, illustrate the many hurdles for clinicians, researchers and health system leaders
attempting to design pragmatic trials to improve quality of care. These challenges are
especially relevant in light of the ongoing FDA Catalyst IMPACT-Afib10 trial and similar
electronic alert and informational material-based interventions?12627 that have used
algorithm-based identification of target patients from large healthcare data. Future studies
should evaluate whether other means of engaging with PCPs or patient-directed
interventions might be more successful.

This intervention had several limitations. First, the validated algorithms for AF were not
designed to capture clinical subtleties such as transient AF provoked by serious illness.
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Furthermore, problem list entries and diagnosed conditions were carried forward indefinitely
in the EHR. Second, there was high non-response from PCPs when contacted by AMS about
potentially undertreated patients with AF. Third, while our intervention provided a
calculated HAS-BLED score based on algorithms run against the EHR, we did not address
individual perceived contraindications. Fourth, while the data on eligible patients for the
intervention arm were captured every month during the study, data on eligible patients in the
‘usual care’ arm were extracted at the end of the study; after all 14 clinics had entered the
intervention. Fifth, there was limited pilot testing, and we did not have formal evidence that
the intervention would be effective at changing physician behaviour prior to beginning the
trial.

There were numerous challenges with using EHR data to triage and identify relevant
patients. A few months before the intervention launched, BWH transitioned from a home-
grown longitudinal medical record system to an EPIC EHR system. The transition affected
both how healthcare encounters were coded and how the data were exported to Research
Patient Data Registry (RPDR) for research purposes. The added workload of adopting a new
EHR may have made PCPs less willing to respond to our intervention. Additionally, RPDR
extracts of EHR data were not available to the research team in real time. However, we had
an AMS pharmacist screen the algorithm-identified patients from RPDR and used EDW data
to check if exclusion criteria were still met the day prior to a clinic entering the intervention
arm. The EDW is fed by numerous information systems using different identifiers.
Crosswalks to connect across relational data tables for these systems were imperfect.
Furthermore, clinical notes were not available for use in the algorithms. These issues
contributed to our inability to identify some of the anticoagulant prescriptions that were
observable in the live medical record during the course of the intervention.

CONCLUSIONS

Commonly used algorithms to count patients with AF in large healthcare databases do not
capture subtleties in AF status, potentially including patients with only distant histories of
AF. Nor do such algorithms reflect patient profiles beyond known risk factors for stroke and
major bleeding or the complexity of decision-making processes in accordance with patient
preferences. The clinical context surrounding the decision to prescribe anticoagulants for AF
is complex and goes beyond risk of stroke or major bleeding. Factors such as perceived
ability of the patient to stay on the regimen and transient, provoked AF are difficult to
measure in EHRs. This can complicate measurement of clinical performance and quality
with respect to anticoagulation for AF.28 Although there are challenges with using large
healthcare databases for population health interventions and previously published reports
may overestimate the magnitude of the problem, nevertheless, it is clear that there are
potentially undertreated patients with AF who should be anticoagulated to prevent stroke
and that more work is needed to identify interventions that can close this gap in care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Box 1 Example of primary care provider reasons for not referring patient to
anticoagulation management service (AMS) or prescribing anticoagulant

Selected quotes chosen to emphasise themes. These have been edited for grammar and
spelling and may combine quotes from multiple primary care providers.

‘Patient X refused anticoagulation numerous times. Well documented that the
patient understands risks.’

‘Patient X abuses alcohol, has inconsistent adherence to meds, and a history
of falls. Inability to cooperate with medical management was considered a
contraindication.’

‘I have been trying to get Patient X to go to cardiology to discuss this. His old
cardiologist did not want him on OAC [oral anticoagulant]. I do, but he wants
to see cardiologist to discuss and then does not go, cancels, does not schedule
etc.’

‘Patient X is followed by cardiology, they should decide.’
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Pair 1 (clinic 1)
Pair 2 (clinic 2)
Pair 3 (clinic 3)
Pair 4 (clinic 4)
Pair 5 (clinic 5)
Pair 6 (clinic 6)
Pair 7 (clinic 7)
Pair 1 (clinic 8)
Pair 2 (clinic9)
Pair 3 (clinic 10)
Pair 4 (clinic 11)
Pair 5 (clinic 12)
Pair 6 (clinic 13)
Pair 7 (clinic 14)

Legend

28 day 28 day
AMS review Follow-up

--—

|

Clinic enters intervention
(AMS contacts PCP)

Algorithm identified
patients sent to AMS

Clinic enters intervention
Comparison within 28 day time i
Usual care

Figure 1.
Stepped-wedge randomisation. AMS, anticoagulation management service; PCP, primary

care provider.
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Usual Care Intervention
EHR <
AMS
Patient < Usual Care > PCP Patient < Usual Care > PCP

Figure 2.
Intervention compared with usual care. AMS, anticoagulation management service; EHR,

electronic health record; OAC, oral anticoagulant; PCP, primary care provider.
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Died, 0.020547945

AMS contacted PCP, 0.171232877

Already on OAC, 0.229166667

Declined, 0.055555556

Contraindications, 0.06712963 Not with PCP anymore, 0.025462963

Discontinued OAC due to medical
change, 0.0625

Not in AF/single distant episode of
AF, 0.365740741

Figure 3.

Anticoagulation management service (AMS) review of algorithm-identified patients
(n=432). AF, atrial fibrillation; OAC, oral anticoagulant; PCP, primary care provider.
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Consider action, 0.09 Died, 0.069767442

Declined, 0.069767442

Not with PCP anymore, 0.302325581

Contraindications, 0.209302326

Not in AF/single distant episode of
AF, 0.279069767

Figure 4.
Primary care provider (PCP) review of anticoagulation management service screened

patients (n=44 patients). AF, atrial fibrillation.
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