
Journal of the American Heart Association

J Am Heart Assoc. 2022;11:e024338. DOI: 10.1161/JAHA.122.024338� 1

 

ORIGINAL RESEARCH

Clinician Responses to a Clinical Decision 
Support Advisory for High Risk of Torsades 
de Pointes
Tyler Gallo, PharmD; C. William Heise , MD; Raymond L. Woosley , MD, PhD; James E. Tisdale , PharmD; 
Malinda S. Tan, PharmD; Sheila M. Gephart, PhD, RN; Corneliu C. Antonescu , MD;  
Daniel C. Malone , RPh, PhD

BACKGROUND: Torsade de pointes (TdP) is a potentially fatal cardiac arrhythmia that is often drug induced. Clinical decision 
support (CDS) may help minimize TdP risk by guiding decision making in patients at risk. CDS has been shown to decrease 
prescribing of high-risk medications in patients at risk of TdP, but alerts are often ignored. Other risk-management options can 
potentially be incorporated in TdP risk CDS. Our goal was to evaluate actions clinicians take in response to a CDS advisory 
that uses a modified Tisdale QT risk score and presents management options that are easily selected (eg, single click).

METHODS AND RESULTS: We implemented an inpatient TdP risk advisory systemwide across a large health care system com-
prising 30 hospitals. This CDS was programmed to appear when prescribers attempted ordering medications with a known 
risk of TdP in a patient with a QT risk score ≥12. The CDS displayed patient-specific information and offered relevant man-
agement options including canceling offending medications and ordering electrolyte replacement protocols or ECGs. We 
retrospectively studied the actions clinicians took within the advisory and separated by drug class. During an 8-month period, 
7794 TdP risk advisories were issued. Antibiotics were the most frequent trigger of the advisory (n=2578, 33.1%). At least 1 
action was taken within the advisory window for 2700 (34.6%) of the advisories. The most frequent action taken was ordering 
an ECG (n=1584, 20.3%). Incoming medication orders were canceled in 793 (10.2%) of the advisories. The frequency of each 
action taken varied by drug class (P<0.05 for all actions).

CONCLUSIONS: A modified Tisdale QT risk score–based CDS that offered relevant single-click management options yielded a 
high action/response rate. Actions taken by clinicians varied depending on the class of the medication that evoked the TdP 
risk advisory, but the most frequent was ordering an ECG.
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Torsades de pointes (TdP) is a serious cardiac 
arrhythmia that may degenerate into ventricular 
fibrillation. Individuals who have corrected QT 

(QTc) interval prolongation are at an increased risk of 
TdP and sudden cardiac death.1,2 CredibleMeds main-
tains a list of >200 medications that prolong the QTc 
interval and categorizes those drugs based on their 
risk of provoking TdP.3 The highest risk medications 
on the CredibleMeds list are those on the “Known Risk 
of TdP” list, which includes drugs that prolong the QTc 

interval and are known to be associated risk with TdP, 
even when taken as recommended.

Patient-specific risk assessment tools have been 
developed to help determine the risk of a patient de-
veloping QTc interval prolongation. The Tisdale QT risk 
score assigns weighted values to various risk factors 
and calculates the risk of QT interval prolongation.4 
Factors evaluated in this score include age, sex, hypo-
kalemia, admission QTc interval, use of a loop diuretic, 
number of QT interval–prolonging drugs, sepsis, heart 
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failure, and admission for acute myocardial infarction. 
Although this score was developed and validated in 
cardiac care units, there is a potential for the score to 
be applicable in a broader inpatient setting.

Risk of QTc prolongation is one of the most frequent 
triggers for drug–drug interaction (DDI) alerts generated 
by interaction surveillance programs; 1 study demon-
strated that 64% of DDI alerts were for QTc prolon-
gation risk.5 However, low specificity of DDI alerts has 
been recognized as a cause of alert fatigue with most 
alerts being overridden.6 More advanced QT-related 
clinical decision support (CDS) that goes beyond po-
tential DDIs with greater specificity of messages may 
be an important tool to help inform clinicians when pa-
tients are at high risk of TdP and to provide methods to 
manage the risk.

The Tisdale QT risk score has been incorporated 
into a CDS tool designed to alert clinicians when pa-
tients were being prescribed medications with a known 
risk of TdP and likely to result in a high risk of excessive 
QTc prolongation (defined as a QTc ≥500 ms or an in-
crease of ≥60 ms).7 This alert led to a reduction in the 
prescribing of noncardiac medications with a known 
risk of TdP in a cardiac care unit and a decrease in the 
occurrence of excessive QTc prolongation. Two other 
examples of QTc-related CDS tools are alerts that ap-
pear when clinicians attempted to order a medication 
with a risk of QTc prolongation or TdP for patients who 
had a QTc ≥500 ms.8,9 The Mayo Clinic tool triggers on 

orders for CredibleMeds known or possible risk drugs 
and effectively reduced the number of high-risk med-
ications administered to these patients by 13.9%.3,8 
The CDS tool implemented by Trinkley et al was trig-
gered by 10 different QTc-prolonging medications and 
resulted in the discontinuation of 37.8% of triggered 
medication orders. Although these 3 CDS tools sig-
nificantly reduced the prescribing of high-risk medica-
tions, there is a possibility for CDS to offer clinicians 
additional management options and be applicable 
in patient populations beyond a cardiac care unit or 
those who have a QTc ≥500  ms. In addition to dis-
continuing offending medications, other potential man-
agement include monitoring the ECG and correcting 
electrolytes.10

We designed and implemented an advanced TdP 
risk advisory operating across all inpatient settings of 
a large health care system. The CDS tool used a mod-
ified Tisdale QT risk score, provided patient-specific 
risk information, and allowed for single-click manage-
ment options to help mitigate the risk. The purpose of 
this study was to evaluate clinician actions that were 
taken in response to the advanced TdP risk advisory.

METHODS
The advanced CDS tool for TdP was implemented 
across a health system comprising 30 hospitals in 6 
western states in the United States. This study was 
approved by the University of Arizona and University 
of Utah Institutional Review Boards, and a waiver of 
consent was granted. Implementation of the CDS 
was approved by the health system’s Pharmacy and 
Therapeutics Committee, the Hospital Medicine 
Clinical Consensus Group, and the Critical Care Clinical 
Consensus Group. The data that support the findings 
of this study are available from the corresponding au-
thor upon reasonable request.

The TdP risk CDS tool was programmed within the 
Cerner (Kansas City, MO) Millennium electronic health 
record and designed to appear when clinicians at-
tempt to order a medication with a CredibleMeds.org 
“known risk of TdP” for inpatients who had modified 
Tisdale QT risk scores ≥12.3 Purposefully, therefore, to 
selectively target high-risk patients and minimize alert 
fatigue, the advisory was programmed to appear only 
for patients at high risk of a prolonged QTc interval. The 
advisory could potentially be preempted and not dis-
played if alternative DDI alerts on the electronic health 
record platform (Multum medications CDS incorpo-
rated in the Cerner electronic health record and pro-
vided by the vendor) led to discontinuing a medication 
order that would otherwise evoke the TdP advisory. 
The modified Tisdale QT risk score used in this CDS 
assigned 4 points if the most recent ECG recorded 

CLINICAL PERSPECTIVE

What Is New?
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cations associated with torsades de pointes in 
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a Fridericia-corrected QT interval >500  ms, whereas 
the standard Tisdale QT score assigns 2 points if the 
admission QTc >450 ms.4,11 This scoring change was 
done because of the ability in this system to obtain 
QTc data from the most recent ECG and the greater 
risk established with having a QTc >500 ms. The ad-
visory presents the clinician with the patient’s QT risk 
score, those factors contributing to the score, and rel-
evant single-click management options including (1) 
ordering a routine or STAT ECG, (2) ordering electro-
lyte replacement protocols conditionally appearing if a 
patient is deficient (magnesium <2 mEq/L, potassium 
<3.5 mmol/L, calcium <7.5 mg/dL, or ionized calcium 
<4.5  mg/dL), and (3) canceling incoming or existing 
medication orders for medications with a known risk of 
TdP. Incoming medications were those that evoked the 
TdP CDS, and existing medications were those that 
the patient had already been receiving.

Data were collected retrospectively for warnings that 
occurred between April 2020 and December 2020. We 
evaluated the actions taken by clinicians in response 
to the advisory, categorized by drug class evoking the 
advisory. Because ondansetron is frequently ordered 
in the inpatient setting as an “as needed” medication, 
it was placed in its own class for analysis. A χ2 statis-
tic was calculated for the differences in rates of each 

action taken between each medication class. Logistic 
regression was performed to calculate odds ratios for 
canceling the incoming medication order comparing 
each medication class to the class with the highest 
frequency of evoking the CDS. The α value was set at 
0.05 for all analyses.

RESULTS
During a period of 9 months, there were 7794 TdP risk 
advisories displayed to clinicians and evaluated in this 
study. Basic demographics of patients for whom the 
advisory appeared are shown in Table  1. The mean 
age was 70  years (SD ±15), and 927 (12%) patients 
died in the hospital. The distribution of medications 
triggering the CDS are shown in Table  2. Antibiotics 
were the most frequent medications evoking the TdP 
risk advisory (n=2578, 33.1%), followed by ondansetron 
(n=2530, 32.5%). There was a skewed distribution of 
QT risk scores among patients for whom the advisory 
appeared, with most patients having a score of 12 
(n=3997, 51%; Figure).

At least 1 immediate action was taken within the 
advisory window for 2700 (34.6%) of the TdP risk advi-
sories. Table 3 shows the actions taken in response to 
the advisory categorized by drug class. Among each 
possible action taken, there was a significant difference 
in the frequency of the action taken between the medi-
cation categories (P<0.05 for magnesium replacement 
protocol ordered, P<0.0001 for all other actions). The 
most frequent action taken was ordering a routine ECG 
(n=1584, 20.3%), and the rate of ECG ordering varied 
among all medication classes (range, 13.9%–24.2%). 
There were 1385 medication orders canceled through 
the advisory, with 793 (10.2%) cancellations of incom-
ing medications and 592 of existing medications (1, 2, 
or 3 existing medications were canceled 570, 17, and 
5 times, respectively). Incoming orders for ondanse-
tron were the most likely to be canceled (n=458, 18.1%) 
compared with all other medication classes (P<0.05), 
with orders for other drug classes being canceled 

Table 1.  Characteristics of Patients With Corrected QT 
Risk Scores ≥12

Characteristic Value

Total number of patients 7794

Mean (SD) age, y 70 (15)

Female patients, n (%) 4647 (59.6)

Median (range) modified Tisdale QT risk score* 12 (12–21)

COVID-19 positive, n (%) 963 (12.4)

Long QT syndrome diagnosis code (ICD-10), n (%) 252 (3.2)

Died in hospital, n (%) 927 (11.9)

ICD-10 indicates International Classification of Diseases, Tenth Revision.
*Clinical decision support advisory was not programmed to appear for 

scores <12.

Table 2.  Medications That Evoked a TdP Risk Clinical Decision Support Advisory

Medication class
Frequency (percentage of all 
TdP risk advisories)

Known risk of TdP medications in class (in descending order of frequency 
within class)

Antibiotic 2578 (33.1) Azithromycin, levofloxacin, ciprofloxacin, erythromycin, moxifloxacin, 
clarithromycin

Antiemetic 2530 (32.5) Ondansetron

Antiarrhythmic 980 (12.6) Amiodarone, sotalol, flecainide, dofetilide, dronedarone, ibutilide, quinidine, 
procainamide

Other 917 (11.8) Propofol, escitalopram, citalopram, donepezil, methadone, hydroxychloroquine, 
cilostazol, oxaliplatin

Antipsychotic 443 (5.7) Haloperidol, chlorpromazine

Antifungal 346 (4.4) Fluconazole, voriconazole, posaconazole, pentamidine, itraconazole

TdP indicates torsades de pointes.
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between 4.7% and 7.4% of the time (Table 3). Table 4 
shows the odds ratios of canceling the incoming med-
ication order, comparing each drug class to antibiot-
ics. Canceling existing TdP risk medications was most 
common when the incoming medication was an anti-
psychotic (n=48, 11.2%) and least common when the 
incoming medication was ondansetron (n=118, 4.7%).

Ordering electrolyte replacement protocols was 
the least frequent action taken. Among the electrolyte 
replacement protocol ordering, calcium replacement 
in patients with the incoming medication an antibiotic 
was the least frequent (n=5, 0.2%), and potassium re-
placement with the incoming medication ondansetron 
was the most frequent (n=107, 4.2%).

DISCUSSION
Implementing a CDS advisory for risk of TdP appeared 
to be effective in clinicians modifying medication 
therapy or monitoring patients by ordering an ECG. 
Differences in response to the advisory were observed 
depending on the medication that evoked the warning. 
Ordering a routine ECG occurred in response to ≈20% 
of warnings, although ECGs were only ordered 14% 
of the time with ondansetron orders. Antibiotics and 

ondansetron accounted for the majority of the medi-
cations that evoked the TdP risk advisory. Incoming 
orders for ondansetron were the most frequently 
canceled. This may be explained by ondansetron being 
frequently prescribed “as needed” and some alterna-
tive medications in the antiemetic class have a lower 
risk of causing TdP. The lower rate of ECG ordering 
observed with ondansetron may be explained by the 
high rate of canceling incoming ondansetron orders 
and thus potentially obviating the need for an ECG.

Ordering electrolyte replacement via protocols was 
generally less frequent than ordering ECGs or cancel-
ing orders for medications with a known risk of TdP. 
One explanation for the lower rate of this action is that 
the option to order these electrolyte replacement pro-
tocols was properly programmed to only appear if a 
patient’s most recent laboratory values fell below the 
low thresholds (magnesium <2.0  mg/dL, potassium 
<3.5 mEq/L, and ionized calcium <4.5 mg/dL or total 
calcium <7.0  mg/dL). Because most patients’ elec-
trolytes are not below these thresholds, the option to 
order electrolyte replacement protocols was not pro-
vided in most cases. In addition, if the patient was al-
ready on an electrolyte replacement protocol (common 
and found on most admission order sets at our hospi-
tals), this option did not appear.

Other studies examining the response to QT-
related CDS have shown a 21% reduction of ordering 
noncardiac QTc interval–prolonging medications in a 
cardiac care unit and a 13.9% to 37.8% reduction in 
administering QTc interval–prolonging medications to 
patients with a history of significant QTc prolongation 
(QTc ≥500 ms).7–9 In comparison, this study yielded a 
cancellation rate of 10.2% of incoming known TdP risk 
medications, and existing medications were canceled 
in 7.6% of the advisories. There may have been some 
overlap with situations where both incoming and ex-
isting medications were canceled in a single advisory, 
and the total number of existing known risk medica-
tions is not known, but the overall cancellation rate in 
this study appears similar to those in other QT-related 
CDS studies despite differences in the populations to 

Table 3.  Actions Taken in Response to Torsades de Pointes Risk Advisories Categorized by Drug Class

Action taken* Antibiotic Antipsychotic Antifungal Antiarrhythmic Ondansetron Other

Incoming drug order canceled 173 (6.7) 22 (5.0) 25 (7.2) 72 (7.4) 458 (18.1) 43 (4.7)

Existing drug order canceled 230 (8.9) 48 (11.2) 24 (6.9) 106 (10.8) 118 (4.7) 66 (7.2)

STAT ECG ordered 37 (1.4) 18 (4.1) 11 (3.2) 29 (3.0) 19 (0.8) 25 (2.7)

Routine ECG ordered 470 (18.2) 93 (21.0) 79 (22.8) 230 (23.5) 351 (13.9) 222 (24.2)

Potassium replacement protocol ordered 48 (1.9) 3 (0.7) 3 (0.9) 17 (1.7) 107 (4.2) 23 (2.5)

Magnesium replacement protocol ordered 38 (1.5) 3 (0.7) 4 (1.2) 22 (2.2) 60 (2.4) 20 (2.2)

Calcium replacement protocol ordered 5 (0.2) 1 (0.2) 1 (0.3) 4 (0.4) 5 (0.2) 13 (1.4)

Data are provided as number (32.4).
*For each action taken, there was a statistically significant difference in the action taken by medication class (P<0.05 for magnesium replacement protocol 

ordered, P<0.0001 for all other actions).

Figure.  Distribution of patients’ QT risk scores that 
triggered the torsades de pointes risk advisory.
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whom the alerts applied. Other non–QT-specific DDI 
alerts have demonstrated a low adherence rate, such 
as a DDI alert for hyperkalemia that yielded low adher-
ence (16.8%) and no difference in the adherence rate 
when the alert was enhanced with laboratory values 
(15.3%) (P=0.71).12

Although our CDS tool was based on the Tisdale 
QT risk score, this is not the only risk assessment tool 
that could be incorporated into CDS. Berger et al de-
veloped a model that includes age, sex, cardiac co-
morbidities, hypertension, diabetes, renal function, 
serum potassium concentrations, loop diuretics, and 
QTc-prolonging drugs as risk factors, and this was ap-
plied across all inpatient settings.13 Using their scoring 
system, a score ≥6 yielded a sensitivity of 76.6% and 
specificity of 28.5% in identifying patients with a QTc 
interval >450 for male patients and >470 for female pa-
tients. A comparison of the Tisdale QT risk score and 
the model by Berger et al has not yet been conducted.

This study has several limitations that should be 
considered when interpreting the findings. Not all 
medications could be appropriately grouped into a few 
categories, and thus an “other” category was created 
and contains medications used for a variety of indica-
tions. For this study, all described actions taken were 
a direct result of selecting options in the advisory, and 
the possibility of other actions taken after the advisory 
appeared was not assessed. There are many poten-
tial confounding issues with electrolyte replacement 
protocol ordering, including potential differences in the 
number of patients who were deficient for each elec-
trolyte, and there may have already been existing re-
placement protocols ordered. Therefore, comparisons 
of the frequency of ordering electrolyte replacement 
protocols might be biased.

All actions taken by clinicians that are reported in 
this study are the direct actions taken while interacting 
with the TdP advisory. Although the overall observed 
action rate was 35%, the true action rate as a result of 
the advisory may be higher. For example, some clini-
cians might have reviewed the electronic health record 
and made decisions to cancel offending medications, 

order an ECG, or order electrolyte replacement proto-
cols after closing the TdP risk advisory. These actions 
would not have been documented as consequential 
to the CDS. Limiting the advisory to high-risk patients, 
having a well-designed appearance of the advisory, 
and including convenient and helpful single-click man-
agement options are likely factors contributing to the 
high observed action rate.

CONCLUSIONS
This TdP advisory with relevant single-click manage-
ment options yielded a high action rate among clini-
cians who received the advisory. The actions that 
clinicians take in response to a TdP warning vary de-
pending on the class of medication that evokes the ad-
visory, but the most common action taken by clinicians 
was ordering an ECG.
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