@ Therapeutic Advances in Cardiovascular Disease

Original Research

Leading 20 drug-drug interactions,
polypharmacy, and analysis of the nature
of risk factors due to QT interval prolonging
drug use and potentially inappropriate
psychotropic use in elderly psychiatry
outpatients

Biswadeep Das"*’, Saravana Kumar Ramasubbu, Akash Agnihotri, Barun Kumar
and Vikram Singh Rawat

Abstract

Background: Psychotropic medications extend corrected QT (QTc) period in the
electrocardiogram (ECG). Psychiatric patients exposed to =1 psychotropic medication(s)
represent a group with marked probability of drug-activated QTc-prolongation. Prolonged
QTc interval in elderly patients (age > 60 years) is connected to greater risk of all-cause and
coronary heart disease deaths. This study aimed at investigating pattern of utilization of QTc-
interval protracting medications, QT-extending drug interactions, and prevalence of QTc-
interval extending hazard factors in elderly patients.

Methods: This was a cross-sectional, prospective study at the Psychiatry OPD at All India
Institute of Medical Sciences (AIIMS), Rishikesh, Uttarakhand, India from 1 October 2017 to 30
August 2019 employing the pertinent prescriptions.

Results: A total of 832 elderly patients (age 60 years or more] visiting the Psychiatry OPD
during the aforementioned study duration were investigated. About 420 (50.5%) patients were
males while 412 (49.5%) were females. Of the 832 patients, 588 (70.7%) were using interacting
agents with capacity to produce TdP. Almost 1152 interacting torsadogenic medication pairs
were unraveled. As per AzZCERT/CredibleMeds Classification, 1016 (48.8%), 724 (34.8%),

and 248 (12%) agents with potential to interact were identified with ‘known’, ‘possible’,

and ‘conditional risk of TdP’, respectively. The common interacting medications belonged

to antidepressant (288), proton pump inhibitor (364), antipsychotic (340), antinausea (184),
antimicrobial (156), and H, receptor antagonist (60) therapeutic categories. The all-inclusive
frequency of potentially inappropriate psychotropic (PIP) agents administered was 62%
(1343/2166) with Beers Criteria 2019, and 46% (997/2166) with STOPP Criteria 2015.
Conclusion: Many geriatric patients were administered drugs and drug combinations with
heightened proclivity toward QT-interval prolongation. Furthermore, reliable evidence-based
online drug knowledge resources, such as AzZCERT/CredibleMeds Drug Lists, Medscape Drug
Interactions Checker, Epocrates Online Interaction Check, and Drugs.com Drug Interactions
Checker, can facilitate clinical professionals in selecting drugs for psychiatric patients. A wise
choice of medications is imperative to preclude serious adverse sequelae. Therefore, we need
to exigently embrace precautionary safety means, be vigilant, and forestall QT-extension and
TdP in clinical environments.
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Introduction

It has been estimated that the annual global mor-
tality resulting from sudden cardiac death (SCD)
as a sequelae of ventricular tachyarrhythmias is
roughly 6 million.!»? An estimated 20% of mortal-
ity in developed countries is attributable to
SCD.>5 Approximately 10.3% of total deaths
occur due to SCD in India.® Extension of the QT
interval is a confirmed hazard factor for Torsade de
Pointes (TdP) finally ending in ventricular tachy-
cardia and fibrillation (VI/VF) and SCD.57°
As stated in the expert group, ground rules of the
American Heart Association (AHA) as well as the
American College of Cardiology Foundation
(ACCF), a QTc-interval exceeding 470 ms in
case of adult males and 480 ms in case of adult
females is deemed to be aberrant.” There is an
elevated proclivity toward TdP development
when QTc interval =500 ms in patients.’”8 It has
also been documented that with each 10 ms
extension of QTc interval, there is approximately
a 5% exponential increase for cardiac event risk in
subjects with long QT syndrome (LQTS).10

A sizable collection of >280 drugs (comprising of
typical and atypical neuroleptics, typical and
atypical antidepressants, antihistamines, proki-
netics, proton pump inhibitors, anti-infectives,
etc.) capable of leading to QT-prolongation based
on reliable clinical documentation is accessible at
AzCERT/CredibleMeds.!!

An interplay between one or more risk factors affect-
ing individual propensity toward QT-prolongation
have been identified in the medical literature.
Elderly patients commonly possess many of these
risk factors. Owing to age-associated pharmacoki-
netic and pharmacodynamic alterations, there is
an escalated proclivity to adverse events in geriat-
ric patients. To cite an example, about 10% of
patients aged =75 years are known to be affected
by congestive heart failure.!? Moreover, elderly
patients are more likely to be prescribed diuretics.

Diuretic-induced hypokalemia and hypomagne-
saemia might accentuate drug-induced TdP
risk.13-14 In addition, elderly patients are more at
risk of high levels of offending drug owing to
reduced renal clearance, reduced hepatic bio-
transformation capacity, as well as polypharmacy-
related drug—drug interactions.!>

In general, any modality to obviate or decrease
the recurrence of TdP must espouse an appraisal
of such hazard factors which are patient-centric,
drug-centric, and clinical scenario-centric, com-
prising of medication—-medication interactions
and comorbid illnesses. Not many epidemiologi-
cal studies have investigated the interactive vital
facets of repetitive use of QT c-interval protract-
ing agents, QT-extending medication—medica-
tion interactions, and an analytical account of risk
factors and concomitant illnesses for QT c-interval
extension in geriatric patients visiting the
Psychiatry OPD, particularly in developing
nations. As far as we are aware, a similar analyti-
cal pharmacoepidemiological task has not been
performed in elderly patients in India.

The detrimental consequences of psychotropics
far outweigh their medical utility, particularly in
cases where they could be availed by more pru-
dent and wise means, have been looked upon as
potentially inappropriate medications (PIMs).16
Sagacious use of psychotropics is crucial to obvi-
ate drug-induced adverse events in geriatric
patients. With the aim of capturing the ambit of
PIM precisely, multiple criteria have been for-
warded.!” Just 2 years back, significant articula-
tions related to psychotropic prescriptions have
been incorporated into Beers Criteria 2019 and
Screening Tool of Older Persons’ Potentially
Inappropriate Prescriptions (STOPP) Ciriteria
2015.16.18

Our teaching hospital is a national-level tertiary
care hospital. Our patients are referred from all
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over India and are representative of the national
population to a large extent. This study was,
therefore, implemented in order to investigate the
nature of utilization of QTc-interval extending
agents, QT-protracting medication—medication
interactions, and account of variables for QTc-
interval elongation hazard in elderly patients visit-
ing the Psychiatry OPD in a referral and teaching
hospital in India.

Materials and methods

Study design and methods have been previously
described in detail.!? Briefly, our prospective cross-
sectional hospital-based study was executed in the
Psychiatry OPD at All India Institute of Medical
Sciences (AIIMS), Rishikesh, Uttarakhand, India,
from 1 October 2017 to 30 August 2019. In this
study, researchers (BD and SK) attended the
Psychiatry OPD with the intent of prescription col-
lection of psychiatric patients reporting to the
Psychiatry OPD randomly thrice/week. The thrice/
week survey for all weeks was executed for a span
of more than 1.5 complete years. Randomization
was applied for the days of the week on which such
surveys were executed. Research and ethical
approval for this study were approved by Research
Cell (Sanction Letter No. IM/RC98/2016/23
dated 28.09.2017) and Institutional Ethics
Committee (Approval Letter No. AIIMS/
IEC/17/234 dated 06.09.2017), respectively, of
the All India Institute of Medical Sciences
(AIIMS), Rishikesh, Uttarakhand, India. In addi-
tion, all the patients provided their written,
informed consent to participate in this study.

TdP-engendering agents were determined and
typecasted into four groups in accordance with
the most current version of AzCERT/
CredibleMeds QT Drug Lists (12 May 2020).1!

ATC  (Anatomic  Therapeutic = Chemical)
Classification System codes of WHO Collaborating
Center for Drug Statistics Methodology were uti-
lized as deemed fit.2°

We assessed the proportion of elderly patients (on
psychotropic and other adjunctive medications
with a propensity for QT protraction) who were
more likely to have an ECG advised during their
initial and/or follow-up visits. Patients who
received 1 or more ECGs during their initial and
follow-up visits were documented, in addition to

individual risk factors for TdP, and all agents
(psychiatric or other) taken which have been doc-
umented to produce QTc prolongation potential.
From available 12-lead ECGs, QTc morphology
was deciphered initially by computer algorithm
followed by cardiologist’s verification (BK). The
computed QTc (QT interval corrected for heart
rate) was arrived at from Bazett Formula
(QTc=QTc/(RR)%3). QTc between 450 and 500
ms in males and QTc between 470 and 500 ms in
females were considered borderline prolonged.
QTc=500 ms or with >60 ms of difference from
baseline were deemed extended. These cutoffs
were chosen based on documentation in the sci-
entific literature as evidenced by elevated risk of
SCD or arrhythmias.

The 20 most frequently used QTc-protracting
drug—drug interactions were investigated employ-
ing freely available online evidence-based
Medscape Drug Interaction Checker,2! Epocrates
Online,?2 and Drugs.com Drug—Drug Interactions
Checker.??

Hazard factors present in the patients and capa-
ble of causing prolongation of the QTc¢ interval
and TdP (viz., cardiovascular disease,?%25> pre-
scription use of digoxin,® dyselectrolytemia,?® thy-
roid dysfunction,?’>2  hypogonadism, and
androgen deprivation therapy (ADT) (in men),2°
treatment with oral contraceptive pills (OCPs)
consisting of drospirenone (in women),3%-32 poly-
pharmacy,?? and use of >1 agent with an elevated
probability of TdP7-34 were noted and exposed to
scrutiny based on knowledge culled from treat-
ment records and OPD case-sheets.

For the purpose of scrutinizing the quantum of
potentially inappropriate psychotropic (PIP) pre-
scriptions in geriatric patients, we employed the
American Geriatric Society’s Beers Criteria 2019
and British Geriatric Society’s STOPP Criteria
2015.16:17

Statistical analysis: We employed descriptive as
well as inferential statistics on the data from this
study. Presentation of categorical data has been
done as frequencies and percentages, whereas
continuous data are declared as median (inter-
quartile range (IQR)). Application of logistic
regression analysis was resorted to examine the
odds ratios (ORs) as predictors of QT-prolonging
drug-drug interactions. Statistical significance
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was fixed at p<<0.05. Microsoft Excel and IBM
SPSS statistics version 23 was employed for all
statistical analyses.

Results

A total of 832 elderly patients (age 60 years or
more) attending the Psychiatry OPD during the
study duration were taken into account. About 420
(50.5%) patients were males and 412 (49.5%) were
females in this study (Table 1). Many of the elderly
patients pertained to 60—69 year age range (44.7%)
followed by patients belonging to 70-79 year age
category (35.6%) and the median age was 67 years
(IQR=62-75). Majority of the patients were get-
ting 5-6 drugs. The median count of medications
used was 5 (IQR=4-6). A large chunk of our
elderly patients visiting the Psychiatry OPD had
diagnoses of major depression (40.9%), schizo-
phrenia (11.1%), bipolar disorder (9.6%), conver-
sion disorder (8.7%), anxiety (7.7%), mania
(6.7%), and dissociative disorder (5.3%) (Table 1).

Of the 832 geriatric patients, 588 patients (70.7%)
were prescribed interacting medications with the
capability to usher in TdP (Table 2). The inter-
acting medication—medication pairs with torsado-
genic liability were computed to be 1152 in this
analysis.

As per the AzZCERT/CredibleMeds Classification,
1016 (48.8%) of the interacting medications were
related with a ‘known risk of TdP’, 724 (34.8%)
of interacting medications were related with a
‘possible risk of TdP’ and 248 (12%) of the inter-
acting medications were related with a ‘condi-
tional risk of TdP’ (Table 3). Interacting
medications were commonly prescribed from
antidepressant (576), proton pump inhibitor
(364), antipsychotic (340), antinausea (184),
antimicrobial (156), and H, receptor antagonist
(60) therapeutic categories (Table 3). Table 4
provides an analysis of the top-20 torsadogenic
drug-drug interactions, and in addition, their
AzCERT Classification (CredibleMeds Risk
Stratification), and therapeutic categories/classes.
A total of 108 interacting medication—medication
pairs where both are endowed with AzCERT list-
ing as torsadogenic agents with a ‘known risk of
TdP’ were recorded. A great many investigated
medication—medication interactions linkable with
TdP risk could interact pharmacodynamically

rather than pharmacokinetically. The most recur-
rent medication—medication interacting duets with
a pharmacodynamic basis were escitalopram-risp-
eridone (132), escitalopram-olanzapine (128),
fluoxetine-olanzapine (100), lithium-pantoprazole
(84), and haloperidol-risperidone (48). A few tor-
sadogenic interacting pairs with a pharmacokinetic
basis were also spotted, viz., omeprazole-sertraline
(12), omeprazole-amitriptyline (12), ciprofloxa-
cin-amitriptyline (4), ketoconazole-imipramine
(4), and cimetidine-amitriptyline (4) (Table 4).

The most recurrent medications with a capability
of inducing QT-extending medication—medica-
tion interactions were escitalopram (384), olan-
zapine (284), risperidone (236), fluoxetine (188),
haloperidol (156), pantoprazole (144), quetia-
pine (112), and domperidone (52) (Table 4).

The evidence-based identification and risk-strati-
fication of QT interval extending medication—
medication interactions in this study as gleaned
from Medscape Drug Interactions Checker,
Epocrates Online Interactions Checker, and
Drugs.com Drug Interactions Checker are obtain-
able in Table 5.

In our study population, 180 elderly patients were
afflicted with cardiovascular diseases, 12 elderly
patients were prescribed digoxin for congestive
cardiac failure, 84 were prescribed diuretics,
whereas drugs for thyroid afflictions were used by
16 elderly patients. In our study, eight elderly
males were receiving antiandrogens (bicaluta-
mide and enzalutamide) for prostatic cancer.
‘Minor polypharmacy’(use of 2—4 drugs) was the
third most recurrent hazard factor noticed in 404
patients. ‘Major polypharmacy’(use of =5 drugs)
was the second most recurrent risk factor detected
in 392 patients. 588 patients received >1
QT-interval protracting agents (Table 6).

Of the 832 geriatric patients in this study, 625
patients (75.1%) were advised ECG(s) by the
attending psychiatrists in our institution. Of these
625 subjects, 121 (19.4%) male subjects had
QTc > 450 ms and 63 (10.1%) female subjects
had QTc>470 ms. There were two incidences of
TdP in elderly female subjects who were man-
aged; one of them failed to survive. Of these, 11
(1.8%) subjects had QTc =500 ms or >60 ms of
increment from baseline (Table 7).
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Upon logistic regression (TABLE8Table 8), uni-
variate analysis pointed out that the occurrence of
QT-prolonging drug—drug interactions was signifi-
cantly associated with >6 drugs (OR=3.4; 95%
confidence interval (CI)=1.6-6.8; p=0.008), anti-
depressants (OR=8.9; 95% CI=5.7-16.4;
$»=0.001), proton pump inhibitors (OR=10.2;
95% CI=6.2-15.9; p=0.002), antipsychotics
(OR=4.5;95% CI=1.7-8.3; p=0.0006), antinausea
(OR=5.3;95% CI=2.7-9.5; p=0.004), antimicro-
bials (OR=8.1; 95% CI=4.2-14.7; p=0.003),
H2-receptor antagonists (OR=3.2; 95% CI=1.1-
7.4; p=0.005), and antidementia (OR=6.3; 95%
CI=4.4-11.2; p=0.006). Multivariate analysis
pointed out that the occurrence of QT-prolonging
drug—drug interactions was significantly associated
with >6 drugs (OR=4.1; 95% CI=1.2-9.4;
»=0.02), antidepressants (OR=7.4; 95% CI=3.2—
12.1; p=0.03), proton pump inhibitors (OR=8.6;
95% CI=4.7-12.4; p=0.01), antipsychotics
(OR=5.8; 95% CI=2.3-8.9; p=0.02), antinausea
(OR=6.4; 95% CI=2.5-11.3; p=0.001), antimi-
crobials (OR=7.7; 95% CI=3.5-13.6; p=0.02),
H2-receptor antagonists (OR=5.7; 95% CI=3.4—
12.3; p=0.002), and antidementia (OR=12.2; 95%
CI=6.1-19.6; p=0.001).

Table 9 describes the frequency of PIP drugs for
geriatric patients complying with Beers Criteria
2019 and STOPP Criteria 2015618, The all-
inclusive frequency of PIP agents administered
was 62% (1343/2166) in compliance with Beers
Criteria 2019. The five most common psycho-
tropic PIMs prescribed were olanzapine, risperi-
done, haloperidol, quetiapine, and mirtazapine in
our study. The all-inclusive frequency of PIP
agents administered was 46% (997/2166) as per
the STOPP Criteria 2015. The four most com-
mon psychotropic PIMs prescribed were mir-
tazapine, chlordiazepoxide, dothiepin, and
escitalopram in our study. Beers Criteria 2019
dredged a greater quantum of PIMs when com-
pared with STOPP Ciriteria 2015.

Discussion

Our results unravel frequent prescriptions of
drug-drug combinations bearing documented
hazard of TdP in geriatric psychiatry patients
aged =60. Most of these medication—medication
interactions could result in QT-extension owing
to pharmacodynamic reasons rather than phar-
macokinetic underpinnings. A sizable chunk of
elderly patients were exposed to minor and major

Table 1. Basic socio-demographic and clinical features (including

comorbidities) of the elderly patients.

Variable Patients (n) %32
Sex 832 100
Male 420 50.5
Female 412 49.5
Age groups
60-69 372 44.7
70-79 296 35.6
80-89 104 12.5
=90 60 7.2
No. of drugs prescribed per patient®
<2 96 11.5
3-4 284 34.1
5-6 320 38.5
>6 132 15.9
Diagnosis
Major depression 340 40.9
Schizophrenia 92 1.1
Bipolar affective disorder (BAD) 80 9.6
Conversion disorder 72 8.7
Anxiety b4 7.7
Mania 56 6.7
Dissociative disorder 4b 5.3
Cannabis abuse 24 2.9
Acute psychosis 20 2.4
Psychosis 20 2.4
Obsessive compulsive disorder (OCD) 20 2.4
Coexisting illness(es)
Acid peptic disorders A 5.3
Tuberculosis 36 4.3
Cancer/metastatic carcinoma 36 4.3
Epilepsy 32 3.8
(Continued)]
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Table 1. (Continued)

Variable Patients (n) %2
Diabetes mellitus 28 3.4
Ischemic heart disease (IHD) 24 2.9
Dementia 24 2.9
Rheumatic disease 24 2.9
Congestive cardiac failure 20 2.4
Cardiac arrhythmias 20 2.4
Hypertension 20 2.4
Benign prostatic hypertrophy (BPH) 20 2.4
Dyslipidemias 16 1.9
Parkinson’s disease 16 1.9
Bronchial asthma 12 1.4
Cerebrovascular disease 12 1.4
HIV/AIDS 12 1.4
Malaria 8 1
Mycoses (superficial) 8 1
Thyroid dysfunction 8 1
Hepatitis B 4 0.5
Hepatitis C 4 0.5
COPD 4 0.5
Paraplegia/hemiplegia 4 0.5
Renal disease 4 0.5

aPercentage computed based on a total number of 832 patients;
PAll prescribed medications imply QT protracting agents and other medications.

polypharmacy involving high-risk TdP-inducing
agents. Majority of medications used by elderly
psychiatric patients are known to result in
QT-interval extension.

Risperidone, olanzapine, quetiapine, and haloperi-
dol were neuroleptics most commonly involved in
potential QT-protracting medication—medication
interactions in the elderly in this study. Escitalopram
and fluoxetine were antidepressants most fre-
quently observed in potential QT-extending medi-
cation—-medication interactions in this study in
geriatric patients. There was a low incidence of

Table 2. Prevalence of QT interval protracting
medication-medication interactions in elderly
patients.

Prevalence [parameters)  Patients (n) %2

Overall prevalence 588 70.7
QT-MMI per patient
1-2 100 12.0
2-4 332 39.9
>4 156 18.8
Sex-wise prevalence
Male 336 40.4
Female 252 30.3
Age-wise prevalence
60-69 248 29.8
70-79 224 26.9
80-89 b4 7.7
=90 52 6.3

QT-MMI: QT extending medication-medication
interactions.

aPercentage ciphered from total count of 832 elderly
patients.

QTc¢ protraction in our study and two cases of
lethal TdP in two elderly female subjects who were
managed; one of the two failed to survive. There
was a high incidence of PIP agent prescription in
our study as can be comprehended from our results.

Extent of prescription of psychotropics and
QT-interval prolonging torsadogenic agents

and their combinations in geriatric patients in
psychiatry OPD

Beuscart er al.?5 studied prescriptions for psycho-
tropic agents to older patients aged =75 in a
222-bedded French general hospital setting and
=3 psychotropic agent co-prescriptions for =3
days were found in 374 stays of total of 11,929
stays (3.1%). Almost 89.2% of these 374 co-pre-
scriptions contained unacceptable drug combina-
tions (viz., concurrent prescription of =2 agents
belonging to same psychotropic class (duplication)
and/or unjustifiable prescriptions without wvalid
therapeutic indication).

http://tac.sagepub.com


http://tac.sagepub.com

B Das, SK Ramasubbu et al.

Table 3. AzCERT hazard stratification and therapeutic classes of
medications implicated in QT-interval extending medication-medication

In another Belgian cross-sectional study executed

in a psychiatry establishment, 7.3% of patients
were taking interacting agents with an associated
hazard of TdP.3¢

interactions in elderly patients.

Stratification scheme n (interacting drugs)  %?
In a retrospective cohort study, Curtis et al.3’ AzCERT (CredibleMeds) hazard stratification
. A . o
deterrpmed t}}at 2.2% of patlents were adminis "Known risk of TdP"(List 1] 1016 488
tered interacting agents with TdP risk. Khan ez
al?® from Pakistan determined that 51.7% ‘Possible risk of TdP’(List 2) 724 34.8
patients in their study were prescribed interacting ) - ) )
agents with TdP hazard Conditional risk of TdP’(List 3) 248 12.0
Not included in AzZCERT QT drugs 92 4.4
Moreno-Gutierrez et al.3* determined 10.3% lists (List 4)b
(n=5786) patients had been prescribed >1 _ _
QT-prolonging drug. Possibility of patients |herapeutic categories
receiving >1 QT—prolqnging 'medication (?.e. Antidepressant (NO6A] 576 277
polypharmacy) was maximum in those suffering
from psychiatric and neurological illnesses. Proton pump inhibitor (A02BC) 364 17.5
T-prolonging drug use in psychiatric and neu-
QT-prolonging drug use in psy u Antipsychotic (NOSA] 340 16.3
rological illnesses was higher among women than
in men. About 46.6% (n=4359) of such patients Antinausea (A04AA) 184 8.8
were prescribed >1 QT-prolonging agent and o .
69% (n=647) patlents were uSIHg 3_5 SuCh Antimicrobial [JO1MA/J01FA] 156 7.5
drugs. H2-Receptor Antagonist 60 2.9
(A02BA01/02/03)
In another recent North Jordan study, 58.5%
(n=3114) of elderly patients were prescribed Antihistamine (R06AD) 48 2.3
drugs with TdP hazard. About 62.3% (n=1939), :
20.8% (1=929), 6.6% (n=207), and 1.1% Anticonvulsant (NO3AX11) 40 1.9
(n=33) patients were administered 1, 2, 3, and 4 Antidementia (N06D) 40 1.9
drugs (i.e. exposed to polypharmacy) with TdP _ _
risk, respectively.3 Diuretics (C03) 40 1.9
) . . Antineoplastic and 32 1.5
In this work, we noticed an exposure of 70.7% of immunomodulating agents (L01/
Psychiatry OPD elderly outpatients =60 years .02/L03)
old to drug—drug interactions with torsadogenic
hazard (Table 2). Antimalarial (P01B) 24 1.2
) Antifungal (DO1AC) 20 1.0
Many factors for the differences between other
studies and our study results may be considered. Calcium channel blocker 20 1.0
Disease occurence and medication utilization (C08CAQ1)
trepds coulq be.e.:xpected to pe dlversef across Antituberculars [JO4A] 20 10
regions, nationalities, and continents which may
explain variability in our study findings when cor- Antidiabetics (A10A/A10B) 20 1.0
related to few other studies. ]
Beta blocking agents (CO7A) 16 0.8
o o _ _ Antiarrhythmics (C01B/CO1E) 16 0.8
Characteristics of geriatric patients using drugs
with liability for QT extension and TdP Drugs for airway obstructive 12 0.6
About 44.7% and 35.6% of elderly patients visit- diseases (R03)
ing the Psychiatry OPD were 60—69 years of age Antivirals (JOSA) 12 0.6
and 70-79 years of age, respectively. About
12.5% of patients were 80—89 years of age while (Continued)

http://tac.sagepub.com


http://tac.sagepub.com

Therapeutic Advances in Cardiovascular Disease 15

Table 3. (Continued)

Stratification scheme n (interacting drugs)  %?
Platelet aggregation inhibitors 8 0.4
(BO1AC)

Lipid modifying agents (C10A/ 8 0.4
C108B)

Antithyroid (HO3B) 4 0.2
Antiparkinsonian Drugs (N04) 4 0.2
Drugs for BPH ( GO4C) 4 0.2
Agents acting on renin angiotensin 4 0.2

system (C09)

AzCERT, Arizona Center for Education and Research on Therapeutics
(CredibleMeds); BPH, Benign Prostatic Hypertrophy; TdP, Torsades de Pointes.
Total count of QT-interval protracting medication-medication interactions, that is,

1152.
aPercentage computed

from number of all interacting medications, that is, 2080.

*Not included in AzCERT QT drugs lists (List 4] =total number of drugs to avoid

in congenital long QT (List 4)=72 (including 12 two-drug combinations); this list
contains drugs exclusively from List 4; co-incidental drugs from CredibleMeds Lists
1-3 have been precluded.

7.2% of patients were =90 years. When prescrib-
ing antipsychotic agents to elderly patients (espe-
cially with dementia), SCD has become a serious
clinical worry. There is an almost two-fold incre-
ment in death rates in patients above age 65, who
are taking first- and second-generation antipsy-
chotics (FGA and SGA) in comparison to people
on a placebo.40

Elderly patients were commonly prescribed docu-
mented QTc prolonging FGAs and SGAs, as well
as TCAs, which is a major cause of concern.
Among antidepressants, TCAs, and citalopram
present highest hazard for QT extension in older
adults whereas other SSRIs and SNRIs do not
appear to confer any serious liability on their own,
as per the available data.

A rare but potentially serious complication of
long-term proton-pump inhibitor (PPI) use is
PPI-induced hypomagnesaemia. PPIs reduce
intestinal magnesium absorption leading to
hypomagnesaemia; a class-effect seen with all
PPIs. Risk of PPI-induced hypomagnesaemia is
elevated in geriatric age group, females, subjects
who are wusing diuretics concomitantly and
patients with other comorbidities notably diabe-
tes or diarrhea.4!

Ondansetron  hydrochloride  brings about
antiemetic action by antagonizing 5-hydroxy
tryptamine type 3(5-HT3) receptors. These
antiemetics protract the QT-interval and have
been reported to lead to arrhythmias and SCD.42
Ondansetron-induced hypokalemia arises out of
its effect on nephron, the effect on renal tubule is
thought to be unique for ondansetron, and it has
been determined not to be a class-effect.
Hypokalemia is a modifiable hazard factor for
TdP caused by drug use.

The use of seven antimicrobial classes (mac-
rolides, fluoroquinolones, antimalarials, pentami-
dine, antifungal azoles, antivirals (NNRTIs and
PIs), and antituberculars (bedaquiline and dela-
manid)) have been observed to result in
QT-protraction. Despite the well-established,
strong, and extensive proof of antibiotic-induced
QT-prolongation with consequent lethal ventric-
ular arrhythmias, this outcome is usually over-
looked by clinicians.43

Antimalarial agents like quinine and halofantrine
can result in QT-interval prolongation. Akin to
halofantrine, at standard doses, quinine has pro-
clivity to cause QT-interval prolongation.
Halofantrine produces dose-dependent extension
of QT-interval whereas mefloquine is not known
to produce any effect on QT-interval. However,
lumefantrine is a very feeble blocker of hERG car-
diac K* channels when compared with halofan-
trine. Lumefantrine has been evaluated widely
and is believed not to cause significant adverse
cardiac effects i vivo, with minimal effects on the
electrocardiograph.+

With domperidone doses >30 mg/day, there
appears to be elevated probability of ventricular
arrhythmias and associated SCD, as per 2012
Health Canada advisory for patients and health
care professionals. This warning was reissued in
2015. When stratified by age, this risk was espe-
cially encountered in patients >60 years of age.%>

Case reports exposed that donepezil could lead
rarely to serious bradycardia necessitating implan-
tation of pacemaker and lethal ventricular
arrhythmia (TdP).46

Arecent case-report highlighted QT c-prolongation
from 438 to 504 ms following exposure of meman-
tine for Alzheimer’s disease. An instance where
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Table 4. Top-20 QT-extending medication-medication interaction duets noted in the elderly patients.

QT -MMis TdP risk2 Therapeutic class Frequency
Drug 1 Drug 2 Drug 1 Drug 2 QT-prolonging drug-
drug interactions: n (%)P
Escitalopram - risperidone Known Conditional Antidepressant Antipsychotic 132 (11.5)
Escitalopram - olanzapine Known Conditional Antidepressant Antipsychotic 128 (11.1)
Fluoxetine - olanzapine Conditional  Conditional Antidepressant Antipsychotic 100 (8.7)
Lithium - pantoprazole Possible Conditional Antipsychotic PPI 84 (7.3)
Haloperidol - risperidone Known Conditional Antipsychotic Antipsychotic 48 (4.2)
Haloperidol - quetiapine Known Conditional Antipsychotic Antipsychotic 40 (3.5)
Escitalopram - haloperidol Known Known Antidepressant Antipsychotic 36 (3.1)
Fluoxetine - haloperidol Conditional ~ Known Antidepressant Antipsychotic 32(2.8)
Olanzapine - pantoprazole Conditional  Conditional Antipsychotic PPI 32(2.8)
Domperidone - risperidone Known Conditional Antiemetic Antipsychotic 28 (2.4)
Quetiapine - risperidone Conditional ~ Conditional Antipsychotic Antipsychotic 28 (2.4)
Mirtazapine - pantoprazole Possible Conditional Antipsychotic PPI 28 (2.4)
Fluoxetine - quetiapine Conditional  Conditional Antidepressant Antipsychotic 28 (2.4)
Fluoxetine - risperidone Conditional  Conditional Antidepressant Antipsychotic 28 (2.4)
Escitalopram - ciprofloxacin Known Known Antidepressant Antipsychotic 24.(2.1)
Escitalopram - domperidone Known Known Antidepressant Antinausea 24 (2.1)
Metronidazole - olanzapine Conditional  Conditional Antimicrobial Antipsychotic 24.(2.1)
Escitalopram - halofantrine Known Known Antidepressant Antimalarial 24 (2.1)
Escitalopram - quetiapine Known Conditional Antidepressant Antipsychotic 16 (1.4)
Donepezil - memantine Known Possible Antidementia Antidementia 16 (1.4)

AzCERT, Arizona Center for Education and Research on Therapeutics; PPI, Proton-Pump Inhibitor; QT-MMIs, QT-extending medication-medication interactions.
aTdP hazard stratification was based on AzCERT QT (CredibleMeds) Drugs Lists 1-3.
bPercentage determined from total number of QT-extending medication-medication interactions, that is, 1152.

inadvertent rechallenge with memantine precipi-
tated QT c-protraction has also been documented
in medical scientific literature.%’

Prevalence of high-risk QT extending
medication-medication interactions involving
antipsychotics and/or antidepressants
Simultaneous administration of =2 drugs listed in
List 1 of AzCERT/CredibleMeds is fraught with
considerable danger and linked with heightened

liability of QT interval extension, torsadogenicity,
and SCD. In this study, various QT-extending
medication—medication interactions comprised of
neuroleptic-neuroleptic, neuroleptic-antidepres-
sant, and antidepressant—antidepressant medication
combinations. Polytherapy involving antipsychotic
antidepressant drug combinations have been docu-
mented to usher in notable QT-interval elongation
and TdP. Simultaneous intake of antipsychotic and
antidepressant medications results in cumulative
impact on QT c-interval.
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An elevated chance of SCD and all-cause death
has been linked to use of both typical and atypical
antipsychotics.¥® Antipsychotics documented to
have ‘known TdP risk’ are associated with most
elevated chance for lethality, followed by agents
with ‘possible TdP risk’ and finally those not doc-
umented in the AzCERT/CredibleMeds TdP
classification. Thioridazine (maximal risk),
pimozide, droperidol, mesoridazine, and i.v.
haloperidol (cumulative dose>2 mg) pose sig-
nificantly high risk of QTc protraction among
FGAs (traditional antipsychotics). Amisulpride,
sertindole, and ziprasidone pose significantly high
risk of QT c-prolongation among SGAs (atypical
newer antipsychotics). On the contrary, among
SGAs, aripiprazole and lurasidone have been
documented to possess clinically insignificant
proclivity for QTc-prolongation. Asenapine and
iloperidone are capable of producing clinically
comparable QTc-prolongation as olanzapine,
quetiapine, and risperidone.48

Use of SSRI citalopram has been documented to
usher in maximal QTc-prolonging effect. Use of
SSRI citalopram and SNRI mirtazapine was
noticed to marginally heighten hazard of VA/SCD
correlated to SSRI, paroxetine and TCA, and ami-
triptyline.#8 Many SSRIs (especially citalopram)
and SNRIs have been suspected in case reports of
TdP. TCAs are known to cause more than twice
the extent of QT c-prolongation than SSRIs.

Different classes of psychotropic and non-
psychotropic medications with the hazard of QT
protracting medication-medication interactions

in elderly patients

In this study, antidepressants (27.7%), proton
pump inhibitors (17.5%), antipsychotics (16.3%),
antinausea (8.8%), antimicrobials (7.5%), H2
receptor antagonists (2.9%), antihistamines
(2.3%), anticonvulsants (1.9%), antidementia
agents (1.9%), diuretics (1.9%) and antineoplas-
tic and immunomodulating agents (1.5%) were
the drugs noted to expose geriatric patients to
highest liability of QT-extending medication—
medication interactions (Table 3). The bulk of
the prescribed drugs (48.8%) bear a considerable
hazard of TdP (AzCERT hazard stratification:
‘Known risk of TdP”).11

In one study, 40.3% of antipsychotics and 15.4%
of antidepressants were involved with hazard of QT

Table 6. Frequency of TdP hazard factors in the study population.

Hazard factor

Patients (n)

Cardiovascular disease(s)
Digoxin use
Dyselectrolytemia
Thyroid dysfunction
Hypogonadism and/or ADT use (in men)
Women using OCPs (consisting of drospirenone)
Polypharmacy
Minor (2-4 drugs)
Major (=5 drugs)

Use of >1 TdP-engendering agent

180
12
84
16

404
392
588

ADT, androgen deprivation therapy (e.qg. for prostate cancer); OCPs, oral

contraceptive pills.
Total number of patients=832.

extending medication—medication interactions.4®
However, 90.3% of antidepressants and 88.5%
of neuroleptics have been reported to be linked
with hazard of QT-extending medication-medi-
cation interactions in another study.3® Curtis ez
al.,3” reported that 4.4 million prescriptions of
torsadogenic medications were handed out to
1.1 million patients. Khan ez al.?® from Pakistan
documented that 55.5% of antipsychotics and
32.4% of antidepressants could be associated
with liability of QT-extending medication—medi-
cation interactions.

A Colombian research project with 525,498
recruited geriatric patients by Moreno-Gutierrez
et al.>* reported that 10.6% were prescribed =1
drug conferring TdP risk. A recent study from
North Jordan on elderly outpatients by Al-Azayzih
et al.?® documented that 3114 patients out of a total
of 5319 patients (58.5%) were using medications
bearing TdP risk. About 62.3% (n=1939) patients
were prescribed 1 TdP-inducing agent and many
patients were receiving 5-6 distinct TdP-inducing
agents. In this study, we report a steep usage of
TdP-inducing drugs. About 11.5% (n=96), 34.1%
(n=284), 38.5% (n=320), and 15.9% (n=132)
elderly patients in our study were taking <2, 34,
5-6, and >6 drugs (i.e. exposed to polypharmacy)
with TdP risk, respectively (Table 1).
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Table 7. Detailed characteristics of subjects with prolonged QTc values (=500 ms or =60 ms change (increment) from baseline) in
the study population subgroups (n=11).

Risk factors Medications Reason for QTc prolongation  QTc (initial) QTc (final)
QTc values (=500 ms at baseline)
F, Low K, CVD Olanzapine, chlorthalidone, Psychiatric + adjunctdrugs 512 430
pantoprazole
F, Low Ca, CVD Olanzapine, hydrochlorothi- Psychiatric + adjunctdrugs 504 418
azide, mirtazapine
F, Low Mg, CVD, dementia Risperidone, hydrochlorothi- Psychiatric + adjunctdrugs 500 442
azide, donepezil, memantine
Low K, CVD, dementia, PolyP Escitalopram, hydrochlorothi- Psychiatric + adjunctdrugs 502 514
azide, dexlansoprazole,
domperidone, donepezil,
memantine
CVD, ADT, PolyP Risperidone, amiodarone Psychiatric + adjunctdrugs + 905 508
pantoprazole, domperidone, arrhythmia
enzalutamide
Low K, CVD, malaria, PolyP Escitalopram, chlorthalidone, Psychiatric + adjunct 500 508
pantoprazole, domperidone, drugs
halofantrine
QTc values (=60 ms change (increment) from baseline)
F, Thy, CVD Haloperidol, risperidone, Psychiatric + adjunctdrugs 410 490
pantoprazole
Low K, CVD, ADT, PolyP Risperidone, Hydrochlorothi- Psychiatric + adjunctdrugs 442 510
azide, pantoprazole,
domperidone, bicalutamide
Low Mg, CVD, dementia, PolyP  Fluoxetine, spironolactone, Psychiatric + adjunctdrugs 430 492
omeprazole, domperidone,
donepezil, memantine
CVD, dementia, PolyP Fluoxetine, spironolactone, Psychiatric + adjunctdrugs Lb6 512
quetiapine, domperidone,
donepezil, memantine
Low K, CVD, TB, PolyP Risperidone, escitalopram, 430 498

bedaquiline, levofloxacin,
lithium

Psychiatric + adjunctdrugs

ADT, androgen deprivation therapy; CVD, cardiovascular disorder; F, female; PolyP, polypharmacy; TB, MDR tuberculosis; Thy, thyroid disorder.

Hazard factors and proclivity toward QT-interval
extending medication-medication interactions

and TdP in elderly patients

In our study population, other than psychiatric
afflictions, 180 elderly patients were diagnosed
with cardiovascular diseases, 12 patients were
taking digoxin for CHF, 84 patients were taking
diuretics, whereas drugs for thyroid disorders

were used by 16 patients. 8 elderly men were
administered ADT. ‘Minor polypharmacy’(use of
2—4 drugs) was the second most recurrent hazard
factor noted in 404 out of 832 elderly patients.
‘Major polypharmacy’(use of =5 drugs) was the
third most recurrent liability factor determined in
392 out of 832 elderly patients. About 588 elderly
patients were prescribed more than one
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Table 8. Data from logistic regression analysis for risk factors.

Variables Univariate analysis Multivariate analysis
OR (95% ClI) p value OR (95% Cl) p value
Sex
Female 1(0.6-1.8) 0.07 - -

Age categories

60-69 Reference Reference

70-79 1.2(0.6-3.2) 0.08 0.8(0.2-1.4) 0.06
80-89 1.4 (0.3-4.6) 0.06 1.1 (0.4-1.7) 0.05
=90 1.6 (0.4-5.1) 0.07 1.4 (0.3-4.7) 0.01

All prescribed drugs

<2 Reference Reference
3-4 1.6 (0.5-3.8) 0.07 1.2(0.3-1.9) 0.06
5-6 1.8 (0.6-4.9) 0.05 1.7 (0.3-2.8) 0.04
>6 3.4 (1.6-6.8) 0.008 4.1 (1.2-9.4) 0.02
Diagnoses
Tuberculosis 1.8 (0.4-4.2) 0.06 - -
Cancer/metastatic carcinoma 2.3(0.9-5.4) 0.05 - -
Diabetes mellitus 0.7 (0.1-1.0) 0.02 0.5(0.2-1.2) 0.4
Ischemic heart disease (IHD) 2.6 (0.9-4.3) 0.04 - -
Dementia 3.2(1.1-5.4) 0.01 1.4 (1.0-3.9) 0.01
Congestive cardiac failure 3.4 (1.2-6.5) 0.001 3.6 (1.3-7.4) 0.04
Hypertension 0.5(0.1-0.8) 0.05 0.7 (0.2-1.8) 0.06
HIV/AIDS 3.9(1.7-8.6) 0.04 3.6 (1.8-5.4) 0.05
Malaria 3.6 (1.7-4.5) 0.05 3.2(1.2-11.4) 0.2
Hepatitis B 2.1 (1.4-7.6) 0.03 2.6 (1.2-6.9) 0.02
Hepatitis C 3.7 (1.8-5.6) 0.04 3.4 (1.5-7.1) 0.05
Renal disease 3.9 (1.4-6.7) 0.003 4.6 (1.8-7.5) 0.04

QT prolonging drug classes

Antidepressant 8.9 (5.7-16.4) 0.001 7.4 (3.2-12.1) 0.03
Proton pump inhibitor 10.2 (6.2-15.9) 0.002 8.6 (4.7-12.4) 0.01
Antipsychotic 4.5(1.7-8.3) 0.006 5.8 (2.3-8.9) 0.02
Antinausea 5.3(2.7-9.5) 0.004 6.4 (2.5-11.3) 0.001
Antimicrobial 8.1 (4.2-14.7) 0.003 7.7 (3.5-13.6) 0.02
H2-receptor antagonist 3.2(1.1-7.4) 0.005 5.7 (3.4-12.3) 0.002
Antidementia 6.3 (4.4-11.2) 0.006 12.2(6.1-19.6) 0.001

Cl, confidence interval; OR, odds ratios.
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Table 9. PIP List based on Beers Criteria 2019 and STOPP Criteria 2015.

PIM drug classles) Frequency of patients as per Frequency of patients as per STOPP
Beers Criteria 2019 (%) Criteria 2015 (%)

Unrelated to diagnosis

Antidepressants

Amitriptyline 2 2
Clomipramine 1 1
Dothiepin - 10
Imipramine 6 6
Mirtazapine 30 30
Nortriptyline 3 3
Paroxetine 2 2
Escitalopram (caused hyponatremia) 7 7
Mirtazapine (caused hyponatremia) 1 -
Fluoxetine (caused hyponatremia) 2 2
Paroxetine (caused hyponatremia) 3 3

Antipsychotics (conventional)
Haloperidol 145 -

Antipsychotics (atypical)

Quetiapine 88 -
Olanzapine 290 -
Aripiprazole 1 -
Risperidone 280 =
Clozapine 5 -

Benzodiazepines (short-acting)

Alprazolam 4 -
Lorazepam 10 -
Oxazepam 2 -

Benzodiazepines (long-acting)

Chlordiazepoxide 12 12
Clonazepam 6 6
Z-Drugs

Zolpidem 2 -

Antiparkinsonian drugs

Benzhexol 16 =
Clinically relevant drug-drug interactions

Lithium + frusemide 6 =

Polypharmacy with =3 CNS-active agents 543 -

PIM, potentially inappropriate medication; PIP, potentially inappropriate psychotropics.
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QT-interval extending agent. Around 108 poten-
tial QT-interval protracting medication—-medica-
tion interactions were noted where the interacting
drugs both belonged to AzCERT/CredibleMeds
List 1 (i.e. drugs with ‘Known Risk of TdP?)
which is a small slice of the sample observed, but
nonetheless hazardous.

ECG findings and incidence of TdP

in elderly patients

There was a low incidence of QT ¢ protraction in
our study, and two incidences of lethal TdP in
two elderly female subjects who were managed;
one of the two failed to survive. This finding is
representative of the low frequency of QTc and
TdP among patients’ in general.3%:51

Because of the hazard of QTc extension and pos-
sibility of lethal TdP, electrocardiograms (ECGs)
must be scrutinized during drug administration
for keeping track of QTc interval extension (if
any); however, this custom differs widely amid cli-
nicians and across hospitals. The utility of ECG as
a biomarker for TdP is also contentious, given the
innate alterations in QT¢ intervals.48:52,53

PIP agent prescription in geriatric patients

There was a high incidence of PIP agent prescrip-
tion in our study as can be comprehended from
our results. Our findings are similar with a work
conducted by Soerensen ez al.,>* who reported
that about 66% of their geriatric patients attend-
ing the psychiatry department of a university hos-
pital were taking at least one PIP. In another
retrospective, cross-sectional design study by
Kolshus er al.,’> of the 65 patients (aged =90
years), 23 (35.4%) received long-term benzodiaz-
epines as PIP agents. In depressed geriatric
patients, SSRIs are the antidepressants of choice.
However, a sizable chunk of depressed elderly
patients are still being managed with TCAs which
are considered as PIP as per STOPP Ciriteria
2015.5% This is because the use of TCAs and
SNRIs in the elderly leads to troublesome
anticholinergic side effects. SNRI usage has also
been linked to an escalated association with cere-
brovascular events in comparison to SSRIs.5?
Beers Criteria 2019 incorporates a comprehen-
sive enlisting of conventional and atypical neuro-
leptics which should not be administered in
geriatric age group (especially those with demen-
tia, delirium, cognitive malfunction, history of

falls, and/or fractures) irrespective of the psychi-
atric diagnosis/state as they may induce intense
anticholinergic and extrapyramidal effects. The
five leading psychotropic PIMs prescribed were
olanzapine, risperidone, haloperidol, quetiapine,
and mirtazapine in our study.’%%° However,
dementia and delirium are the only states with
contraindication of neuroleptics in elderly
patients. The four leading psychotropic PIMs
prescribed were mirtazapine, chlordiazepoxide,
dothiepin, and escitalopram in our study.

Conclusion

This study results imply that a huge proportion of
geriatric patients in our Psychiatry OPD have
been administered both drugs and drug combina-
tions linkable with a heightened proclivity toward
QT-interval prolongation. ECG and other perti-
nent laboratory tests were not asked for on usual
basis in psychiatry. The available international
guidelines?-52:53:60:61 gre not executed in clinical
practice, and there is lack of an Indian Guideline.
This boosts the demand for execution of ECG
auditing protocols and pertinent laboratory inves-
tigations. ACCF and AHA endorse that an ECG
be done prior to or 8-12 h after initiation of a QT
extending drug, after stepping-up doses of the
QT extending drug or in overdose of a QT pro-
tracting drug. Furthermore, reliable evidence-
based online drug knowledge resources such as
AzCERT/CredibleMeds Drug Lists,!! Medscape
Drug Interactions Checker,?! Epocrates Online
Interaction Check,?2 and Drugs.com Drug
Interactions Checker?? can facilitate clinical pro-
fessionals in selecting drugs for psychiatric
patients. A wise choice of medications is impera-
tive to preclude serious adverse outcomes. Based
on the results, we have proposed an algorithmic
model for facilitating physicians and clinical phar-
macists to wisely prescribe drugs which have QT
prolonging potential and to curb excessive use of
such agents. In this study, there was very frequent
use of PIP medications. This issue needs to be
dealt with exigently to obviate hazardous
sequelae.
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