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ABSTRACT

Hospitalized patients have a high prevalence of prolonged QTc and are a high-risk population for Torsades de
Pointes (TdP). One modifiable risk factor for TdP is the use of QT prolonging drugs. Electronically alerting pro-
viders who are ordering QT prolonging drugs in at-risk patients may help to achieve safer prescribing practices.
Our previous study decreased inappropriate prescription of IV haloperidol by 36% using a targeted “smart”
electronic alert. We wanted to assess an approach to expanding this type of electronic alert to commonly used
QT prolonging medications and evaluate how this would affect prescribing practice. This retrospective cohort
study evaluated the impact of these alerts for 12 frequently prescribed high-risk medications across a major
health system. Between October 2016 and June 2017, a total of 6453 alerts fired and resulted in 3020 (46.8%)
orders being cancelled by the provider. Our focused electronic alert significantly decreased prescribing of QT

prolonging medications in high-risk patients.
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INTRODUCTION

The corrected QT interval (QT¢) measured on an electrocardiogram
(ECG) represents ventricular repolarization time normalized for a
patient’s heart rate. QT prolongation represents a longer vulnerable
period of repolarization and is associated with the life-threatening
Torsades de Pointes (TdP) arrhythmia.! Acutely ill hospitalized
patients have a high prevalence of prolonged QT¢, with a substantial
incidence of TdP.>~> One of the most significant modifiable risk fac-
tors for TdP is the use of QT prolonging drugs.*

More than 190 drugs are known to prolong QTc, and 57 of
them are known to cause TdP at typical prescribed doses.” Adminis-
tering one of these 57 high-risk drugs in a patient with a baseline
prolonged QTc places him/her at an increased risk for TdP. The
non-cardiac medication best described in the literature for
prolonging QTc and increasing the risk of TdP is intravenous (IV)

haloperidol. In 2007, the FDA issued a black box warning regarding
cardiac arrhythmia in patients on IV haloperidol and a prolonged
QTc.® In 2010, the American College of Cardiology released a scien-
tific statement recommending awareness of risk factors for TdP and
ECG monitoring for patients receiving all QT prolonging medica-
tions.” In spite of these measures, there is poor compliance with ex-
pert recommendations.®~

Warning providers about high-risk patients with prolonged QTc
at the correct point in their workflow may decrease this dangerous
practice. Targeting alerts to only the patients with identified higher
risk at the time of drug prescribing has potential to reduce alert fa-
tigue compared to less selective alerts. With most providers in the
United States now using electronic health records (EHR) and com-
puterized provider order entry (CPOE), notifying them during the
ordering process is a reasonable approach to the problem.’® In a
previous study, our group was able to decrease the inappropriate
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Table 1. QT prolonging medications with BPAs

Medication BPA Fired Orders Overridden (%) Orders Cancelled (%)
Azithromycin 761 351 (46) 410 (54)
Chlorpromazine 12 8 (67) 4(33)
Citalopram 203 167 (82) 36 (18)
Clarithromycin 30 8 (60) 12 (40)
Droperidol 3 0 (0) 3(100)
Erythromycin 67 4 (51) 33 (49)
Escitalopram 198 156 (79) 42 (21)
Haloperidol (IV) 537 205 (38) 332 (62)
Levofloxacin 670 378 (56) 292 (44)
Methadone 82 1(62) 31(38)
Moxifloxacin 9 6 (67) 3(33)
Ondansetron (IV) 3881 2059 (53) 1822 (47)
Total 6453 3433 (53) 3020 (47)

prescribing of IV haloperidol in patients by 36 % through the use of
a “smart” alert that fired on high-risk patients prior to completion
of the order."" The purpose of this study was to assess an approach
to expand this type of electronic alert to the highest-risk commonly
used QT prolonging medications and evaluate how this would affect

prescribing practice.

METHODS

This descriptive study was conducted at the University of Colorado
Health (UCH), a major health system that includes 7 hospitals with
1620 hospital beds and surrounding clinics in the western United
States. The evaluation included patients of all ages who were admit-
ted to one of the hospitals or seen at one of the clinics. This quality
improvement project was approved by the Colorado Multiple Insti-
tutional Review Board.

UCH uses an EHR (EPIC Systems, Verona, Wisconsin, USA)
that includes CPOE and an integrated pharmacy module for recon-
ciling and dispensing hospital medications. The electronic alerting
system used is an Epic functionality called “best practice advisories”
(BPAs).

Based on the success of our IV haloperidol “smart” BPA study,
we expanded the scope by including additional QT prolonging med-
ications.'” To minimize alert fatigue, we wanted to create a list of
the most frequently prescribed highest-risk drugs. A survey was sent
to our inpatient providers and pharmacists in May 2013 asking
them to select the most frequently prescribed medications from the
CredibleMeds list of drugs with “Known Risk of Torsade de Pointes
(TdP)”.> There were 51 respondents to the survey, including 21 in-
ternal medicine clinicians and 30 pharmacists. We also ran a utiliza-
tion report during this time frame. The top 12 drugs were selected
based on the results of the survey and the report (Table 1). Dofeti-
lide and sotalol were excluded, as these are usually ordered by our
cardiology or electrophysiology service, and we have a policy on
QTc¢ monitoring for both drugs. Amiodarone was also excluded, as
chronic administration of this drug prolongs the QT interval but is
less likely to be associated with TdP compared to other QT prolong-
ing medications.”

As in our previous study, we designed the BPA to fire when
any of the 12 drugs are ordered in a patient with a QTc¢ interval >
500 ms. The BPA used the most recent ECG available and reviewed
ECGs up to 2 weeks prior to the drug order. The alert will not fire if
no ECG was available during this 2-week period. The BPA provides
the date and time of last QTc and QRS duration. When the alert

appears, the ordering provider is given the choice either to cancel
the order or override the alert with one of the following reasons:
QTc falsely
outweighs risk, or see comment.

The BPA went into effect in July 2016. No alerts, except for IV
haloperidol from our previous study, were available to providers
when they ordered QT prolonging medications prior to this roll-out.
After implementation of the BPA, information was collected on the

prolonged by prolonged QRS, end of life care, benefits

number of times the alert fired, the number of orders cancelled as a
result of the BPA, the number of times the BPA was overridden, and
the reasons selected when the BPA was overridden.

RESULTS

During the period of October 1, 2016, to June 30, 2017, a total of
6453 BPAs fired, of which 3020 (46.8%) orders were cancelled by
the provider as a result of the BPA. Table 1 provides information on
the total number of BPAs fired, orders overridden, and orders can-
celled for each drug. Figure 1 shows the percentage of orders that
were cancelled as a result of the BPA. During this 9-month period,
the majority (90%) of the BPAs were fired for ondansetron, azithro-
mycin, levofloxacin, and haloperidol. The BPA was successful in get-
ting the providers to cancel orders for these 4 drugs 44% to 62% of
the time. Across all 12 medications, overriding the alert and continu-
ing with the original order ranged from 0% to 82%. There was a
higher cancellation rate for haloperidol of 62% compared to the
other medications. Although we will not be able to elucidate the ex-
act reason for this, one reason may be attributable to providers be-
ing more aware of IV haloperidol’s QT prolongation risk from
exposure to this BPA since its implementation in 2012 from our pre-
vious study. Another reason may be that providers were able to use
alternatives, both pharmacologic and/or non-pharmacologic, in lieu
of haloperidol. Figure 2 shows the reasons selected by providers
when they overrode the BPA for each of these medications. The
most common reason selected was “benefit outweighs risk” fol-
lowed by “see comments.”
to force the provider to enter a comment, only about 20% of the
time was a comment entered by the provider.

Since a hard stop was not implemented

DISCUSSION

Implementation of a focused electronic alert for QT prolonging
medications in high-risk patients influenced ordering practice 46%
of the time. This is similar to the results from our previously



1204

Journal of the American Medical Informatics Association, 2018, Vol. 25, No. 9

Figure 1. Percentage of orders cancelled due to BPA.
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Figure 2. Override reasons selected by provider.

described IV haloperidol BPA study and provides further evidence of
efficacy of targeted alerts on prescribing behavior.!"!2 These results
suggest that tailored drug-disease alert focused on high-volume
high-risk drugs and can have a large impact on safe prescribing
practices.

Our study addresses many of the challenges associated with im-
plementation of EHR alerts for drug disease interactions. Designing
a tailored alert that is useful and fires at the right time is important
to deter inappropriate overrides by providers'® A study by Tisdale

1. showed how a validated QT prolongation risk score paired

eta
with a computer alert influenced the prescribing of QT prolonging
drugs. We were also challenged with how to design our alert either
by choosing to include our most frequently prescribed medications
to maximize the number of patients who would benefit, or choosing
the highest-risk but infrequently prescribed medications that pro-
viders may not be as familiar with. We ultimately selected the medi-
cations using a national database and combining our institution-
specific prescription data. We also incorporated provider feedback
using a survey and used this input to refine the final medication list,
which may have contributed to buy-in.

There are several limitations to our study. Since our alert cap-
tured only patients with a QTc > 500 ms, we have limited ability to
further define what our high-risk population is beyond this value. It
is possible that prior to our intervention, some orders could have
been caught by nursing or pharmacy prior to administration thus

creating the impression of a greater magnitude of impact of the inter-
vention that focused on the order itself. We are unable to draw con-
clusions as to whether the reduction in ordering of these drugs from
the BPA resulted in an actual reduction of risk or adverse events. We
did not review what medication(s) were ordered in lieu of the original
medication when it was cancelled, so we are unable to determine if
clinically appropriate alternatives were selected. Finally, our BPA did
not exclude patients who have a prolonged QT due to a prolonged
QRS, typically seen with bundle branch blocks or ventricular pacing,
so this may result in false positive BPA firings. This was mitigated by
allowing providers to proceed with the order by selecting the option
“QTc falsely prolonged by prolonged QRS” within the alert.

Determining how alerts for medication-disease interactions
should best be delivered remains a question. As more robust analyt-
ics become available to manage the expansive data in our EHRs,
there will be even more opportunities to calculate risk and develop
better tailored clinical decision support tools. This offers an oppor-
tunity to develop targeted “smart” alerts to focus attention on the
patients at greatest risk, reduce alert fatigue, and leverage the EHR
effectively for patient safety.
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