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Abstract

Introduction A risk factor for a potentially fatal ventricular arrhythmia Torsade de Pointes is a prolongation in the heart rate-
corrected QT interval (QTc) > 500 milliseconds (ms) or an increase of > 60 ms from a patient’s baseline value, which can
cause sudden cardiac death. The Tisdale risk score calculator uses clinical variables to predict which hospitalized patients
are at the highest risk for QTc prolongation.

Objective To determine the rate of overridden QTc drug—drug interaction (DDI)-related clinical decision support (CDS)
alerts per patient admission and the prevalence by Tisdale risk score category of these overridden alerts. Secondary outcome
was to determine the rate of drug-induced QTc prolongation (diQTP) associated with overrides.

Methods Our organization’s enterprise data warehouse was used to retrospectively access QTc DDI alerts presented for
patients aged > 18 years who were admitted to Brigham and Women’s Hospital during 2022. The QTc DDI CDS alerts
were included if shown to a physician, fellow, resident, physician assistant, or nurse practitioner when entering the order in
inpatient areas for patients with a length of stay of at least 2 days. Variables collected for the Tisdale calculator included age,
sex, whether patient was on a loop diuretic, potassium level, admission QTc value, admitting diagnosis of acute myocardial
infarction, sepsis, or heart failure, and number of QTc-prolonging drugs given to the patient.

Results A total of 2649 patients with 3033 patient admissions had 18,432 QTc DDI alerts presented that were overridden.
An average of 3 unique QTc DDI alerts were presented per patient admission and the alerts were overridden an average of 6
times per patient admission. Overall, 6% of patient admissions were low risk (score < 6), 64% moderate risk (score 7-10),
and 30% high risk (score > 11) of QTc prolongation. The most common QTc DDI alerts overridden resulting in an diQTP
were quetiapine and propofol (11%) and amiodarone and haloperidol (7%). The diQTP occurred in 883 of patient admissions
(29%) and was more frequent in those with higher risk score, with 46% of patient admissions with diQTP in high risk, 23%
in moderate risk, and 8% in low risk.

Conclusion Use of the Tisdale calculator to assess patient-specific risk of QT prolongation combined with CDS may improve
overall alert quality and acceptance rate, which may decrease the diQTP rate.

Drug-induced QTc prolongation (diQTP) was more
frequent in patients who had a higher Tisdale risk score.

Using the Tisdale calculator to assess risk of QTc
54 Rachel L. Wasserman prolongation combined with clinical decision support
rwasserman @bwh.harvard.edu may improve alert acceptance rate, decrease diQTP rates,
and improve patient safety.
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1 Introduction

The QT interval on the electrocardiogram (ECG) has
gained clinical importance because a prolongation in the
heart rate-corrected QT interval (QTc) > 500 milliseconds
(ms) or an increase of > 60 ms from a patient’s baseline
value is a risk factor for a potentially fatal ventricular
arrhythmia known as Torsade de Pointes (TdP), which can
cause sudden cardiac death [1, 2]. However, the QTc alone
is a relatively poor predictor of TdP, and other clinical
context such as types of medications ordered and patient-
specific factors including laboratory results have been
associated with QTc prolongation including female gender,
age > 65 years, cardiovascular history, and electrolyte
imbalances [3-5].

Minimizing the risk for QT prolongation is important
for patient safety. The American Heart Association and the
American College of Cardiology Foundation published a
statement about how to prevent TdP in the hospital setting
by having appropriate ECG monitoring and managing QTc
prolongation through minimization of QTc prolonging drugs
and electrolyte replacements [6]. Most institutions utilize
clinical decision support (CDS) alerts within the patient’s
electronic health record (EHR), which alert providers on
potential harm of QTc prolonging drug—drug interactions
(DDIs) of medications being ordered for a patient [7].
The current CDS DDI alerts in the EHR are provided by
medication knowledge vendors, which have a medication-
related warning alert that appears from a standardized list
of one medication co-ordered with another interacting
medication. However, these vendor alerts generally exclude
patient-specific factors and the low specificity of DDI alerts
has caused alert fatigue for health care providers [8].

The Tisdale risk score calculator was designed as a new
risk advisory tool to help guide decision making when
managing patients at risk of TdP. It calculates a score
through easily obtainable clinical variables to predict the
hospitalized patients who are at the highest risk for QTc
prolongation. The Tisdale risk score was validated in 2013
from a prospective observational study used to predict QTc
prolongation in hospitalized patients as a potential tool to
guide patient monitoring and treatment decisions [9, 10].
Variables collected for the Tisdale risk score calculator
include age, sex, if a patient was on a loop diuretic
medication, potassium level, admission QTc level, admitted
to hospital for acute myocardial infarction, sepsis, or heart
failure and the number of QTc-prolonging drugs given to
the patient. A patient has a high risk for QT prolongation
with a score of > 11, intermediate with 7—10 and a low risk
with a score of < 6. The Tisdale risk score calculator can
help providers estimate the risk of QT prolongation when
managing patients in the inpatient setting [10-13].
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Although several published research studies are available
regarding methods to mitigate the risk of QTc prolongation,
few studies have analyzed the use of the Tisdale calculator
within the inpatient setting, and most studies utilized a
modified version of the original Tisdale risk score calculator
[8-11]. For example, Tan et al conducted a multicenter
retrospective observational study to assess the association
between a modified Tisdale QTc-risk score and inpatient
mortality and length of stay in a diverse inpatient population
who were prescribed medications with known risk of TdP.
Findings of the study suggested that there was a strong
relationship between mortality as well as longer duration
of hospitalization with an increased QTc risk score [14].
Gallo et al implemented an inpatient TdP risk advisory
system in 30 hospitals with CDS programed to appear when
prescribers attempted to order medications with known
risk of TdP in a patient with a QT risk score of > 12. The
investigators found that clinicians most often monitored
patients by taking action to order ECGs (20%) or canceled a
medication order due to the risk advisory (18%) [15].

The goal of this study was to determine if there is a need
to improve QTc DDI alerts by utilizing the Tisdale risk score
calculator to provide another level of support for health
care providers in treatment decisions. The objective of the
study was to determine the rate of overridden QTc DDI-
related CDS alerts per patient admission and the prevalence
by Tisdale risk score category of these overridden alerts.
A secondary outcome was to determine the rate of drug-
induced QTc prolongation (diQTP) associated with overrides
as well as to calculate the risk score using a modified Tisdale
calculator with patient information at the time the alert
presented.

2 Methods

The Mass General Brigham’s Enterprise Data Warehouse
(EDW) was used to retrospectively access QTc DDI
alerts presented for patients aged > 18 years admitted
to Brigham and Women’s Hospital (BWH) during
01/01/2022-12/31/2022. Patients were included in the
cohort if the QTc DDI CDS alerts were shown to a physician,
fellow, resident, physician assistant, or nurse practitioner
when entering the order in inpatient areas for patients with
a length of stay of at least two days. This study was deemed
exempt by the Mass General Brigham Institutional Review
Board (2023P000243). Descriptive statistics were calculated
to summarize the data.

The medication knowledge vendor integrated into BWH’s
EHR responsible for providing medication-related alert
warnings including drug-dose, drug-allergy, DDI and drug-
disease interactions, geriatrics-based alerts, and duplicate
therapy is First DataBank (FDB) (San Bruno, California,
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USA). The DDI medication warning alerts appear on the
screen when a provider orders a new medication and there
is an interaction with an active medication in the patient’s
profile or an interaction with another new medication within
the order entry. For example, a DDI warning between
amiodarone and levofloxacin will appear on the screen
stating, “The concurrent use of amiodarone with other
agents that prolong the QTc may result in potentially life-
threatening cardiac arrythmias, including TdP.” The provider
has the option to override the warning to continue placing
the order of the desired medication or can discontinue,
cancel, or change the order to another medication, which is
all recorded in the EDW.

Data were collected for the total number of QTc DDI
alerts and override frequency. Variables collected retrospec-
tively for the Tisdale risk score calculator included age, sex,
whether a patient was on a loop diuretic, potassium level,
admission QTc level, admitting diagnosis of acute myocar-
dial infarction, sepsis, or heart failure, and number of QTc-
prolonging drugs given to the patient (see Fig. 1) [11]. We
used the variables that were available from the EHR. For
example, the calculator does not require a patient to have
an ECG on admission and can be calculated if the patient
did not have an ECG on admission. If the QTc value was
unknown/not documented, or was a value of less than 450
ms, the patient received a score of zero for that variable. If
the patient had an ECG of >450 ms, the patient received 2

points for that variable. We modified the Tisdale QTc risk
score calculator to also compute specifically at the time of
the alert presented instead of at the time when the patient
was admitted to the hospital, which affected three variables:
the QTc level, potassium level, and whether a patient was
on a loop diuretic. For the variable of the number of QTc-
prolonging drugs given, all patients received the maximum
of 6 points as patients needed to be on at least two QTc-
prolonging drugs to be part of the inclusion criteria.

2.1 Definition of diQTP

The diQTP was defined as a QTc value increased > 60 points
from baseline or if the post-QTc value was > 500 ms [16].
The diQTP was also counted if there was no baseline QTc
value available, but the post-QTc value was > 500 ms. The
Tisdale risk score calculator used the variable of QTc value
at admission. To determine if an diQTP occurred with the
Tisdale risk score calculator, we defined baseline QTc as
a QTc value on the day of or the day after admission. The
post-QTc value was defined as any QTc value recorded > 2
days since patient admission. No diQTP was defined if the
post-QTc value was < 500, if the post-QTc value was < 60
points increase from baseline, if the QTc value decreased,
or if the Qc value remained the same. The diQTP was
considered unknown if no post-QTc value was done. For
our modified risk score calculator, we used the QTc value at

Tisdale risk score: loop diuretic at time of admission
Modified Tisdale risk score: patient on loop diuretic at time alert fired

Tisdale risk score: admission potassium value
Modified Tisdale risk score: most recent potassium value available at time alert fired

Tisdale risk score: admission QTc value
Modified Tisdale risk score: most recent QTc value available at time alert fired

* No (0
Age > 68 years = Yes(( +)1)
* Male (0)
* Female (+1)
Patient on Loop Diuretic : \T:s(((-)r)l)
* No (0)
® Yes (+2)
Admission QTc > 450 msec : y;((g)z)
Admitted for Acute Myocardial * No (0)
In ion * Yes (+2)
Admitted for Sepsis : ::)5(3_)3)
Admitted for Heart Failure : el
Yes (+3)

Number of QTc-prolonging Drugs

* 1 QTc-prolonging drug (+3)
* > 2 QTc-prolonging drugs (+6)

Fig. 1 Tisdale and modified Tisdale risk score calculator variables and points
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the time the alert presented, which may have differed from
the value at admission. To determine if diQTP occurred, we
defined baseline QTc value at the time of the alert presented
(either the QTc value on the day the alert presented or the
day before the alert presented). The post-QTc value was
defined as any QTc value recorded > 1 day since the date
the alert presented.

3 Results

During the study period, a total of 2766 patients with
3172 admissions had 20,024 QTc DDI alerts presented.
Of these, 1592 alerts were accepted (8%). The QTc DDI
alerts presented and overridden totaled 18,432 alerts (92%),
which consisted of 2649 patients with 3033 patient admis-
sions. An average of 3 unique QTc DDI alerts presented
and overridden per patient admission (standard deviation
[SD] of 3, range of 1-44) and the alerts were overridden
on average 6 times (SD of 14, range of 1-432) per patient
admission. Patient sociodemographic characteristics are
provided in Table 1. A total of 44% of patients were aged
within the 65-84 age group, 50% male, 78% White, and 90%
non-Hispanic.

Table 1 Demographics for patients with QTc DDI overrides

Unique Total patient encounters

patients (n=13033)

(n =2649) - .

Low risk Moderate High risk
n=182 risk n=913
n=1938
Age
18-44 523 20%) 73 (40%) 467 (24%) 97 (11%)
45-64 830 (31%) 90 (49%) 632 (33%) 233 (26%)
65-84 1155 (44%) 19 (11%) 751 39%) 524 (57%)
> 85 141 (5%) 0 88 (4%) 59 (6%)
Sex
Male 1326 (50%) 182 (100%) 927 (48%) 398 (44%)
Female 1323 (50%) O 1011 (52%) 515 (56%)
Ethnic group
Hispanic 183 (7%) 16 (9%) 145 (7%) 45 (5%)
Not Hispanic 2398 (90%) 164 (90%) 1737 (90%) 857 (94%)
Unavailable 68 (3%) 2 (1%) 56 3%) 11 (1%)
Race
White 2068 (78%) 145 (80%) 1497 (50%) 724 (24%)
Black or 282 (11%) 22 (12%) 200 (7%) 109 (4%)
African
American

Asian 75 3%) 3 (2%) 63 (2%) 20 (1%)
Other 158 (6%) 9 (5%) 128 (4%) 46 (1.5%)
Unavailable 66 (2%) 32%) 50 (1.5%) 14 (0%)

DDI drug—drug interaction, QTc QT interval
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When retrospectively entering the variables of each patient
admission through the Tisdale risk score calculator, 6% of
patient admissions were categorized as low risk (score < 6, n
= 182), 64% moderate risk (score 7-10, n = 1938), and 30%
at high risk (score > 11, n = 913) of QTc prolongation. The
breakdown of each variable of the Tisdale risk score calcula-
tor is provided in Table 2. If a patient had an unknown value
for a variable in the calculator, we assigned the patient zero
points. For instance, on admission, 10% of patients did not
have a QTc value documented (n = 289) and 1% of patients
did not have a potassium value documented (n = 39).

3.1 Adverse Drug Events

A total of 883 patient admissions experienced a diQTP of a
QTc value increased > 60 points from baseline or if the post-
QTc value > 500 ms (29%) (Table 3), with 47% of diQTP in
all patient admissions in the high-risk category, 51% in the
moderate-risk category, and 2% in the low-risk category. Of
the 883 patients, the QTc value increased > 60 points from
baseline or post-QTc value increased to > 500 ms for 39%
patients who experienced diQTP and for 61% patients who
had diQTP where there was no baseline QTc value available
but the post-QTc value was > 500 ms.

The most common QTc DDI medication combination
alerts overridden that resulted in diQTP (Table 4) were que-
tiapine and propofol (11%), amiodarone and haloperidol
(7%), propofol and haloperidol (6%), methadone and que-
tiapine (5%), and amiodarone and fluconazole (4%).

3.2 Modified QTc Risk Score at the Time of Alert

A modified QTec risk score was also calculated specifically
at the time of the alert, compared to the traditional Tisdale
risk score, which is primarily based on patient admission
information. The only variables modified included the QTc
value, potassium value, and whether a patient was on a loop
diuretic at the time the alert presented. There were a total
of 18,432 QTc DDI alerts presented that were overridden
for the 2649 patients with 7462 dates at which the alerts
were presented in the patient encounters (see Fig. 2). When
entering the variables through the modified QTc risk score
calculator, 14% of patient admissions were categorized as
low risk (score < 6, n = 1005), 65% moderate risk (score
7-10, n = 4873), and 21% high risk (score > 11, n = 1584)
of QTc prolongation. In the modified QTc risk score calcu-
lator at the time the alert generated, 5% of patients did not
have a QTc value documented (n = 339) and 1% did not have
a potassium value documented (n = 41).

When comparing the standard Tisdale risk score cal-
culator and the modified calculator, there was no change
in the risk category of low, moderate, and high for the
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Table 2 Tisdale and modified risk score variables and risk

Tisdale risk score calculator variables

Variable points Total Low risk Moderate risk High risk
n=3033 n=182 n=1938 n=913
Age > 68 years Yes, + 1 1187 0 669 (56%) 518 (44%)
Sex Female, + 1 1526 0 1011 (66%) 515 (34%)
Patients on loop diuretic Yes, + 1 1623 0 859 (53%) 764 (47%)
Potassium < 3.5 mEq/L Yes, + 2 1742 0 959 (55%) 783 (45%)
Admission QTc > 450 msec Yes, + 2 720 0 218 (30%) 502 (70%)
Admitted for acute myocardial infarction Yes, + 2 53 0 7 (13%) 46 (87%)
Admitted for sepsis Yes, + 3 88 0 4 (5%) 84 (95%)
Admitted for heart failure Yes, + 3 426 0 27 (6%) 399 (94%)
Number of QTc-prolonging drugs given If > 2 QTc-prolonging 3033 182 (6%) 1938 (64%) 913 (30%)
drugs, + 6

Modified QTc risk score calculator

Variable points Total Low risk Moderate risk High risk

n = 17462 n = 1005 n=4873 n= 1584
Age > 68 years Yes, + 1 2670 0 1905 (71%) 765 (29%)
Sex Female, + 1 3459 0 2689 (78%) 770 (22%)
Patients on loop diuretic Yes, + 1 1043 0 575 (55%) 468 (45%)
Potassium < 3.5 mEq/L Yes, + 2 1160 0 573 (49%) 587 (51%)
Admission QTc > 450 msec Yes, + 2 3000 0 1772 (59%) 1228 (41%)
Admitted for acute myocardial infarction Yes, + 2 122 0 35 (29%) 87 (711%)
Admitted for sepsis Yes, + 3 292 0 103 (35%) 189 (65%)
Admitted for heart failure Yes, + 3 1471 0 374 (25%) 1097 (75%)
Number of QTc-prolonging drugs given* If > 2 QTc-prolonging 7462 1005 (13%) 4873 (65%) 1584 (21%)
drugs, + 6

DDI drug—drug interaction, Q7c QT interval

*For the variable of number of QTc-prolonging drugs given, all patients received 6 points as QTc DDIs were part of the inclusion criteria

Table 3 The diQTP via Tisdale and modified risk score

Tisdale risk score calculator

Patient encounters Low risk Moderate risk ~ High risk
n=3033 n=182 n=1938 n=913
diQTP 883 (29%) 14 (8%) 452 (23%) 417 (46%)
-QTec value increased > 60 points from baseline or post-QTc value 344 (39%) 2 (14%) 118 (26%) 224 (54%)
increased to > 500 ms
-No baseline QTc value available but post-QTc value was > 500 ms 539 (61%) 12 (86%) 334 (74%) 193 (46%)
No diQTP 2081 (69%) 120 (66%) 1150 (59%) 433 (47%)
Unknown diQTP (no baseline or post-QTc value available) 447 (15%) 48 (26%) 336 (17%) 63 (7%)

Modified risk score calculator

QTc alerts overridden ~ Low risk Moderate risk ~ High risk

n=7462 n = 1005 n=4873 N=1584
diQTP 2378 (32%) 192 (19%) 1456 (30%) 730 (46%)
-QTec value increased > 60 points from baseline or post-QTc value 1374 (58%) 83 (43%) 786 (54%) 505 (69%)
increased to > 500 ms
-No baseline QTc value available but post-QTc value was > 500 ms 1004 (42%) 109 (57%) 670 (46%) 225 (31%)
No diQTP 4084 (55%) 644 (64%) 2662 (55%) 779 (49%)
Unknown diQTP (no baseline or post-QTc value available) 1000 (13%) 169 (17%) 756 (16%) 75 (5%)

diQTP drug-induced QTc prolongation, ms milliseconds, Q7c QT interval
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Table 4 Most common QTc
DDI alerts overridden, resulting

Tisdale risk score calculator

Medication DDI alerts resulting in diQTP

Modified risk score calculator
Medication DDI alerts resulting in diQTP

in diQTP, regardless of risk

Total n=9241 Total n=6783
Quetiapine and propofol 1017 (11%) Quetiapine and propofol 788 (12%)
Amiodarone and haloperidol 680 (7%) Amiodarone and haloperidol 473 (1%)
Propofol with haloperidol 549 (6%) Propofol with haloperidol 440 (6%)
Methadone and quetiapine 430 (5%) Amiodarone and fluconazole 294 (4%)
Amiodarone and fluconazole 382 (4%) Methadone and quetiapine 245 (4%)

DDI drug—drug interaction, diQTP drug-induced QTc prolongation

Included: 27,011 patients with 34,638 admissions

!

20,024 QTc DDI alerts fired for 2,766 patients with 3,172 admissions

18,432 alerts fired and overridden for 2,649 patients (92%)

!

1,592 alerts fired and accepted for 2,649 patients (8%)

3033 patient admissions = yes diQTP 883 (29%)

7,462 alerts were overridden in patient admissions

- yes diQTP 2,378 (32%)

High risk 913 (30%) - yes diQTP 417 (46%) High risk 1,584 (21%) = yes diQTP 730 (46%)
Moderate risk | 1,938 (64%) = yes diQTP 452 (23%) Moderate risk | 4,873 (65%) -> yes diQTP 1,456 (30%)
Low risk 182 (8%) - yes diQTP 14 (8%) Low risk 1,005 (13%) - yes diQTP 192 (19%)
n=7,462 Risk Changed | Risk Did Not Change
diQTP Changed 599 (8%) 1143 (15%)
* diQTP Changed to Yes 107 (1%) 105 (1%)
* diQTP Changed to No 344 (5%) 718 (10%)
* diQTP Changed to Unknown 148 (2%) 320 (4%)
diQTP Did Not Change 1,848 (25%) 3872 (52%)

*Risk or GKQTP changed from Tisdale risk score calculator to modified risk score calculator

* diQTP = Drug-Induced QTc Prolongation

Fig.2 Tisdale and modified risk score results summary. DDI drug—drug interaction, diQTP drug-induced QTc prolongation

majority of alerts (67%). Furthermore, there was no
change in diQTP findings for the majority of alerts (77%)
when comparing the Tisdale risk calculator and the modi-
fied version. While the risk category did change for 2447
alerts presented for patient encounters (33%) when using
the modified risk calculator (increasing risk for 23% of
alerts and decreasing risk for 10%), nevertheless for 1848
alerts presented for patient encounters, the diQTP status
did not change even though their risk changed (75%).
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4 Discussion

We evaluated the potential improvement of QTc risk
prediction with the Tisdale calculator in a population of
patients admitted to the hospital over a one-year period
with one or more QTc alerts. We found, as have others,
that patient-specific risk factors are more predictive of
QTc prolongation and TdP than using medication lists or
ECG QTc values alone [16—-18]. However, the typical CDS
DDI alerts in the EHR provided by medication knowledge
vendors focus only on medication lists and result in alert
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fatigue, leading to alerts being overridden for most of the
time. The Tisdale calculator enabled risk scores of QTc
prolongation to be computed for patients using clinical
variables and can be used to provide another level of
support for health care providers in treatment decisions
and to decrease alert fatigue. A QTc risk score could be
automated and built into CDS to continuously update the
patient’s risk throughout their hospital encounter. While
there was not much difference associated with modifying
the Tisdale risk score calculator to use the data at the
time of the alert, this is technically easy to do and should
probably be implemented in this way.

Previous studies, such as one conducted by Van der Sijs
et al, evaluated whether physicians who overrode QTc-
related DDI alerts subsequently requested ECGs and if
those ECGs had clinically significant QTc prolongation
[19]. That study found that 33% of patients with
overridden alerts had an ECG recorded within the past
month and among the cases of patients with ECGs before
and after the override, 31% showed clinically relevant
QTc prolongation and were thus at increased risk of
cardiac arrythmias [19]. Our study similarly found 29%
of patient encounters had diQTP suggested by the Tisdale
risk score calculator and 32% through the modified risk
score calculator. Furthermore, Stettner et al performed a
retrospective quasi-experimental study with a customized
QTc interval CDS alert based on the Tisdale risk score
calculator implemented in the EHR for hospitalized
patients [2]. While 19% of patients each in the pre- and
post-implementation group developed QTc prolongation,
the odds of an action taken post-implementation were
significantly higher. There was also a decrease in total
orders for QTc prolonging medications, indicating the
effectiveness of the customized CDS approach instead of
the current standardized vendor approach [2]. Similar to
our findings, by using the Tisdale risk score calculator,
patient exposure to QTc prolonging medications may be
reduced without increasing the rate of QTc prolongation,
emphasizing the benefits of a validated risk score with
CDS strategy over a traditional vendor-based approach.
Further research would be helpful to confirm the
effectiveness of this approach as well as focus on long-
term outcomes and integration of such tools in routine
clinical practice.

In the future, another approach would be to leverage
artificial intelligence to make predictions regarding
which patients are likely to have issues. This could allow
consideration of large numbers of factors. It might also
be possible to specifically predict development of torsade
itself, which would require very large datasets. For example,
Simon et al studied machine learning techniques in EHR
data to identify an integrated risk-prediction model to predict
risk of diQTP [20].

4.1 Limitations

The study was retrospective so the Tisdale risk score
calculator and modified risk score calculator could not be
used in real time. Another issue is that it is difficult to fully
understand why a provider may have overridden an alert.
It may be that the provider had information not available
to the reviewer. We evaluated alerts that were documented
during an inpatient hospitalization but not every patient
had both a pre- and post-pharmacotherapy ECG available
from the EHR. Specifically, 447 patients (15%) did not
have an ECG either before and/or after the patient was
admitted so it was unknown if those patients experienced
diQTP. The timing of the ECG or repeat ECGs may have
been based on when the provider was rounding on the
patient or when the nurse was available to check the ECG,
and not necessarily at the drug’s peak concentration of
when QTc may be most prolonged. The study focused on
diQTP and did not evaluate clinical outcomes of patients.
We also only used the patient’s QTc values from the ECG
and did not look at baseline QRS complex data. We did
not follow up on patients once discharged where it was
likely that the patient continued to take the medication and
could have developed diQTP post-discharge. The study
was conducted at a single academic medical center so the
results may not be generalizable to other settings. We did
not assess if the medications presented in the alert were
chronic versus new medications. The Tisdale calculator
has been validated in the cardiac critical care setting,
but other QTc risk score calculators exist such as RISQ-
PATH score, which incorporates other variables not in
the Tisdale calculator such as smoking status, body mass
index, hypertension, hypocalcemia, arrythmia, existing
prolonged QTc, thyroid disturbances and more [21, 22].
Finally, we did not exclude DDI QTc alerts for patients for
which calculation of accurate QTc may be challenging; for
example, those with ventricular pacemakers, as has been
done in some other studies [4, 12].

5 Conclusion

We evaluated QTc DDI alerts and found that over 90%
were overridden. The constant over-alerting emphasizes
the need to improve the design of medication-related CDS
alerts associated with DDIs to improve upon medication
safety. The use of the Tisdale risk score calculator to
assess risk of QTc prolongation combined with CDS may
improve overall alert quality and acceptance rate, which
may decrease patient diQTP rates and improve patient
safety.
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