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* QTc interval and its measurement
* Risk factors for QTc prolongation

* Relationships between psychiatric medications and QTc
prolongation

* QTc monitoring in clinical practice
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QRS Complex =
ventricular depolarization

QT Interval ST segment + T wave =
ventricular repolarization



=5 Massachusetts General Hospital

= Founding Member, Mass General Brigham
How to Measure QTc o o e, s

1. Pick an appropriate lead on the ECG.
* Usually ll, V2, or V3.

2. Measure the QT interval.
3. Measure the heart rate or RR interval.

4. Calculate the QTc.
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9 boxes + 10 msec
QT =370 msec
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17 boxes + 10 msec
RR =690 msec
HR =87 beats/minute
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Bazett QTc = QT /VRR
Fridericia QTc = QT /YRR
Framingham QTc = QT + 0.154 (1000 — RR)
Hodges QTc = QT + 1.75(HR — 60)
Bazett: Hodges:
QTc = 0.370/v0.690 QTc =370+ 1.75 (87-60)
QTc =0.445 QTc=370+47.25
QTc =445 msec QTc =417 msec
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Normal <430 msec <450 msec
Borderline 431-450 msec 451-470 msec
Prolonged > 450 msec > 470 msec

However, we generally become more concerned if QTc > 500 msec.

mghcme'org Moss 2003
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* Torsades de pointes (TdP)
* “Twisting of the points”
* May lead to sudden syncope or dizziness
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mghcme.org Beach 2013
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* Female gender

* Increased age

* Congenital Long QT Syndrome

* Structural Cardiovascular Disease
* Electrolyte abnormalities

* Medications that prolong QTc

* Hepatic dysfunction

* Metabolic inhibitors

mghcme.org Beach 2013, Rubin 2021, Garcia-Zamora 2021
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* Antipsychotic Medications
* Antidepressants
* Other psychiatric medications
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* First-generation antipsychotic medications
* Thioridazine — highest risk among first-generation antipsychotic medications.

* Droperidol
* FDA black box warning
* RCTs suggest 10-25 msec of QTc prolongation at therapeutic doses.

* No clear evidence regarding cardiovascular outcomes.

* Haloperidol
* In oral form, haloperidol leads to QT prolongation that is similar to aripiprazole,

quetiapine, and asenapine.
* Lack of clear evidence that IV haloperidol leads to greater risk of QTc prolongation

than other antipsychotic medications.

mghcme.org Huhn 2019, Ozeki 2010, US FDA 2007, Beach 2020, Baig 2026
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* Second generation antipsychotics

MD (95% Crl)
LUR (n=1131) —— -2-21 (-4-54 to 0-15)
BRE (n=605) —e1— -1-46 (-471to 1-81)
CAR(n=438) — 1 — -1.45 (-6-20 t0 3-20)
ARl (n=603) — o -0-43 (-3-621t0 2.77)
PBO (n=2875) i 0-00 (0-00 to 0-00)
T T |
0 10 20 30
+— —»
Favours antipsychotic Favours placebo

GRS EI Huhn 2019
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MD (95% Crl)
PAL (n=222) S P 1.71(-2-89t0 5-31)
HAL (n=1788) . 1-60 (-0-2310 3-64)
QUE (n=1114) - 3-43 (0-94 to 6-00)
OLA (n=1895) e 4-29 (1-91 to 6-68)
RIS (n=129K) . 4-77 (2-6810 6-87)
ASE (n=57) . 5-60 (-0-94 to 12-00)
ILO (n=869) e 6-93 (4-49 10 9-36)
ZIF (n=1701) —— 9-70 (7-43 to 12-04)
0 llﬂl EIEI EIIJ
+— —»
Favours antipsychotic Favours placebo

mghcme.org Huhn 2019
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* Newest antipsychotic medications
« Xanomeline-Trospium
* Not associated with QTc prolongation

* Milsaperidone
* Active metabolite of iloperidone; some concern about risk

mghcme.org Kishi 2025, Phillips 2026
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* Second generation antipsychotics
* Highest risk: ziprasidone and iloperidone (and perhaps milsaperidone)
* Lowestrisk: aripiprazole and lurasidone

* FDA warnings
» Ziprasidone (black box)
* Quetiapine
* Intravenous haloperidol
* Droperidol

* There may be a dose-response relationship for antipsychotics and
QTc, but evidence is mixed.

mghcme.org Beach 2013, Huhn 2019, Pilunthanajul 2023
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* Both first- and second-generation antipsychotics have been linked
to ventricular arrhythmias or sudden cardiac death.
 Case-crossover study (N=17,718)
e OR=1.53
* Haloperidol, prochlorperazine, thioridazine, quetiapine, and risperidone
were associated with increased risk.
* FDA black box warning for second-generation antipsychotics in
elderly patients with dementia.

mghcme.org Wu 2015, US FDA 2005



=5 Massachusetts General Hospital

Effects of Antidepressants on QTcC - ey e stz

Psychiatry Academy

Medication Difference in
QTc (ms)

Citalopram 696 10.58 .002
Escitalopram 360 7.27 <.0001
Fluoxetine 135 4.50 .32
Fluvoxamine 27 -5.00 <.0001
Paroxetine 1486 -1.04 .67
Sertraline 369 3.00 <.0001

SSRIs 3,079 6.10 <.001
TCAs 1,587 10.01 <.001

mghcme.org Beach 2014
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QTc (SMD) Mean difference 95% Pl
(95% CI)
Trazodone o -0-59 (-1-84 to 0-65)
4 -2:03t00-85
Paroxetine = -0-16 (-0-45t0 0-14)
—_— -0-79t00-48
Vilazodone — -0-07 (-0-60to 0-46)
-0-86t00-72
Duloxetine — 0-00 (-0-24 to 0-24)
— -0-60to0 0-60
Trimipramine ¢ 0-00 (-0-86 to 0-86)
-1.07to 1.07
Citalopram — 0-02 (-0-35t0 0-39)
e -0-66to0 0-70
Venlafaxine —— 0-04 (-0-18 to 0-26)
—_—t -0-56t0 0-64
Desvenlafaxine —— 0-05 (-0-34t0 0-44)
-0-64t00-74
Bupropion —1— 0-11 (-0-25to 0-46)
- -0-56to 0-77

T T T T
-1.0 -05 0 05 1.0

Increase with placebo Increase with antidepressant

mghcme.org Pillinger 2025




Effects of Antidepressants on QIc
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QTc (SMD) Mean difference 95% PI
(95% Cl)

Escitalopram —l— 0-11 (-0-38 to 0-60)
-0-65t0 0-87

Fluoxetine ® 0-12 (-0-76 t0 1-01)
-0-97to1.21

Levomilnacipran —o— 0-21 (-0-10to 0-52)
S— -0-431t0 0-85

Doxepin ® 0-22 (-0-54 t0 0-97)
-0-76t0 119

Amitriptyline ——@®———  0-37(-0-30t01.05)
-0-53t01-28

Nortriptyline —+——e—> 0-58(-0-15t01-30)
> -0.37to 1.53

T T T T
-1.0 -05 0 05 1.0

«  »

Increase with placebo Increase with antidepressant

mghcme.org
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* Danish case-time-control study

* Citalopram and nortriptyline associated with increased risk of out-of-
hospital cardiac arrest

* Tennessee Medicaid Cohort Study
* Citalopram and escitalopram had similar risks of mortality to other SSRIs.

mghcme.org Weeke 2012, Ray 2017, Thase 2013
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TdP per 100 000 TdP per 100 000
Therapeutic group and TdP | =65 years (number| Number of users | 18-64years Number of users
specific drug class| of TdP cases) =65years (number of TdP cases) | 18-64years
Antidepressant drugs
|Citalopram | 1 15.3 (59) 385 828 2.7 (13) 491 640
Escitalopram 1 4.1 (3) 73769 0.7 (2) 267 733
Venlafaxine 2 3.7 (2) 54 392 0 225 566
Mirtazapine 2 7.5(23) 307 734 1.2 (5) 402 370
Sertraline 3 5.2 (9) 172 728 0.9 (5) 588 495
Paroxetine 3 8.7 (2) 23 057 0 74 337
Fluoxetine 3 4.8 (1) 21026 0 158 495
|Clomipramine | 3 [13.2() 15 181 7.4 (3) 40 364
Amitriptyline 3 3.2 (5) 145 624 0 280 218

mghcme.org

Danielsson 2020
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TdP per 100 000 TdP per 100 000

Therapeutic group and TdP 265 years (number Therapeutic group and TdP >65years
specific drug class of TdP cases) specific drug class (number of TdP cases)
Antidepressant drugs Antiarrhythmic drugs

Citalopram 1 1153(59) Disopyramide 1 231.2 (9)

Escitalopram 1 4.1 (3) Sotalol ] 81.1 (31)

Venlafaxine 2 3.7 (2) Amiodarone 1 61.3 (13)

Mirtazapine 2 7.5 (23) Flecainid ’ 23.3 (2)

Sertraline 3 5.2 (9) ecainiae :

Paroxetine 3 8.7 (2) ?m”‘?dam”_e 1 9.5(1)

Fluoxetine 3 4.8 (1) Antihypertensive drugs

Clomipramine 3 13.2 (2) Isradipine 3 33.1(3)

Amitriptyline 3 3.2 (5)

mghcme.org Danielsson 2020
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* Tricyclic antidepressants
* Considered to be higher risk for QTc prolongation than SSRIs
* Have other cardiovascular side effects as well
* Amitriptyline and maprotiline may be higher risk.
* Doxepin forinsomnia is low risk.

mghcme.org Vieweg 2004, Mansbach 2011
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Venlafaxine

* Minimalrisk at therapeutic doses (1 case report), low risk in overdose (1%).
Bupropion

* Associated with QTc prolongation in overdose; possibly confounded by tachycardia

Trazodone
* Associated with moderate QTc prolongation

Mirtazapine

* No clear QTc prolongation risk, though it has been associated with a higher risk of SCD or
ventricular arrhythmias than paroxetine in one study

Gepirone

* Linked to QTc prolongation
Newest antidepressants (duloxetine, vilazodone, vortioxetine, levomilnacipran,
desvenlafaxine, brexpiprazole)

* Not associated with clinically meaningful QT prolongation

mghcme.org Beach 2013, Jasiak 2014, Allen 2020, Robinson 2022,

Phillips 2024, Tellone 2020
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e Lithium
* Can cause QTc prolongation at levels > 1.2 mmol/L

 Anticonvulsants
* Not associated with QTc prolongation

e Stimulants
* Not associated with QTc prolongation

* Benzodiazepines
* Not associated with QTc prolongation

mghcme.org Beach 2013, Berger 2022
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* Acetylcholinesterase Inhibitors

* Donepezil has been linked to QT prolongation in a cross-sectional study
and case reports, though data are mixed.

* Galantamine and rivastigmine have been noted in rare case reports.

* Memantine has been linked to QT prolongation in rare case reports but
not in an observational study.

e Antihistamines

* Diphenhydramine and hydroxyzine have been linked to QT prolongation
and TdP in case reports and pharmacovigilance studies, typically at toxic
doses or with other risk factors.

mghcme_org Kuwahata 2021, Malone 2020, Park 2021, Takehara 2015,

Kajitani 2016, Ali 2020, Ali 2021, Shah 2015, Schlit 2017, Vigne
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 Ketamine and Esketamine
* No significant QTc prolongation at therapeutic doses

* Psychedelics
* Psilocybin - No significant QTc prolongation at therapeutic doses
* MDMA - No significant QTc prolongation at therapeutic doses

mghcme.org Doherty 2020, Becker 2022, Dahmane 2021, Mitchell 2021
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Assess risk factors for QTc prolongation.
Consider obtaining baseline QTc.
Mitigate risk factors if needed.

Choose a treatment option.

Assess need for ongoing monitoring.

ok~ b=
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 Questions?
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Risk Factors (individual risk score in parentheses)

Female (1)
Age 265 years (1) .
Total Risk ,
Starvation, Alcohol use disorder, — . No baseline QTc needed
: . Score <2* ——>
methamphetamine use disorder®** (1)
Potassium (K) <3.2 mmol/L (2)

Magnesium (Mg) <1.4 mg/dL (2)

Heart Rate <60 (2)

Heart disease (coronary artery disease, congestive
heart failure, structural heart disease) (2)
Congenital or acquired Long QT Syndrome (3)
;Ii,:ﬁ;vn?,::bdjig}ca rdiac death in first-degree 3| TotalRisk Score 22
Two or more QTc-prolonging agents (2)
Methadone dose > 120 mg daily (2)

mghcme.org Xiong 2020
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Check ECG prior to start of medication OR
Start lower risk medication (QTc <10-20 msec) if feasible,
then check ECG in <3 months

ll

Risk score <5: Obtain ECG in 2-4 weeks (if already on
psychiatric medications)
Risk score 25: Consider urgent/emergent cardiology referral

QTc <450 ms (M); QTc >450 ms (M); QTc >500 msec

QTc <470 ms (F) QTc >470 ms (F) TdP risk is high
Start medication; repeat ECG in TdP risk is intermediate. Check K and Mg. Replace to
2-4 weeks. goal of K=~4.0 and Mg="~2.0***

Ensure that chosen medication

Repeat ECG when risk factors has greatest benefit:risk ratio.

Consider dose reduction or

change or when increasing dose switch to alternate psychiatric
by >30-50% Check K and Mg. Replace to goal medlcatlo_n with QTc
of K=~4.0 and Mg=~2.0%** prolongation <10-20 msec

Assess risk factors annually .
Repeat ECG in 2-4 weeks Repeat ECGin 2-4 weeks

Consider cardiology referral

mghcme.org Xiong 2020
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  Q T c = Q T / √ R R


  Q T c = Q T / ∛ R R


  Q T c = Q T + 0 . 154   ( 1000 − R R )


  Q T c = Q T + 1 . 75 ( H R − 60 )


  √ 0 .

