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Association of QT-Prolonging Medications With Risk
of Autopsy-Defined Causes of Sudden Death
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IMPORTANCE QT-prolonging medications (QTPMs) are a reported risk factor for sudden
cardiac death (SCD) when defined by consensus criteria that presume an arrhythmic cause.
The effect of QTPM on autopsy-defined sudden arrhythmic death (SAD) is unknown.

OBJECTIVE To evaluate the association between QTPM and autopsy-defined SAD vs
nonarrhythmic cause of sudden death.

DESIGN, SETTING, AND PARTICIPANTS This prospective countywide case-control study
included World Health Organization-defined (presumed) SCD cases who underwent autopsy
as part of the San Francisco Postmortem Systematic Investigation of Sudden Cardiac Death
Study (POST SCD) to determine arrhythmic or nonarrhythmic cause, and control deaths due
to trauma (hereinafter referred to as trauma controls) in San Francisco County, California,
from February 1, 2011, to March 1, 2014. Multivariate regression was used to evaluate the
association of QTPM with the risk of presumed SCD, autopsy-defined SAD, and non-SAD
compared with trauma controls. Medication exposure, determined by prescription lists and
postmortem toxicologic findings, was used to calculate a summative QTPM exposure score
(range, 0-20). Data were analyzed from September 1, 2018, to June 15, 2019.

EXPOSURE QT-prolonging medication exposure, as measured by QTPM score (1indicated low;
2-4, moderate; and >4, high).

MAIN OUTCOMES AND MEASURES Death due to trauma, presumed SCD, and autopsy-defined
non-SAD and SAD with no postmortem findings of extracardiac cause.

RESULTS A total of 629 patients (mean [SD] age, 61.4 [15.7] years; 439 men [69.8%]) were
included, 525 with presumed SCDs and 104 traumatic death controls. Individuals with
presumed SCDs had higher exposure and were more likely to be taking any QTPM (291
[55.4%] vs 28 [26.9%]; P < .001) than trauma controls. Use of QTPMSs was associated with
increased risk of presumed SCD in low (odds ratio [OR], 2.25 [95% Cl, 1.03-4.96]; P = .04)
and high (OR, 6.70 [95% Cl, 1.47-30.67]; P = .01) exposure groups. After autopsy
adjudication, use of QTPMs was associated with increased risk of non-SAD (low-risk OR, 2.88
[95% Cl, 1.18-6.99; P = .02]; moderate-risk OR, 2.62 [95% Cl, 1.20-5.73; P = .02]; and
high-risk OR, 14.22 [95% Cl, 2.91-69.30; P = .001]) but not SAD in all exposure groups. This
association was attenuated by the exclusion of occult overdose non-SADs in the highest
exposure group.

CONCLUSIONS AND RELEVANCE These findings confirm the association between QTPMs and
presumed SCD; however, after autopsy, this risk was specific for nonarrhythmic causes of
sudden death. Studies using consensus SCD criteria may overestimate the association of
QTPMs with the risk of SAD.
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udden cardiac death (SCD) is one of the most feared mani-

festations of cardiovascular disease and is responsible for

asmany as 5% to 15% of total deaths in the United States.’->
Heart rate-corrected QT interval prolongation has long been es-
tablished as an important risk factor for SCD, conveying a 2- to
3-fold increased risk in certain populations.®* As such, use of
QT interval-prolonging medication (QTPM) has represented a
traditional target for prevention of SCD.> Cautious use of QTPMs
has been bolstered by a number of studies linking use of key
drug classes such as antipsychotics and antibiotics to SCD.*” The
collective evidence linking QTPMs and SCD has had lasting clini-
cal and regulatory practice implications, including removal of
several QTPMs from the market and the widely adopted prac-
tice of routine electrocardiographic monitoring on initiation or
increase of a known QTPM regimen.5°

Akey limitation of prior evidence is that it is based on defi-
nitions of SCD that are adjudicated without postmortem data.'®
Sudden cardiac death has historically been defined by con-
sensus criteria, including the American College of Cardiology/
American Heart Association/Heart Rhythm Society definition™
and the widely used World Health Organization (WHO)
criteria'?: sudden unexpected death within 1 hour of symp-
tom onset or within 24 hours of having been observed alive
and symptom free. These criteria were proposed with the ex-
pressed aim to capture sudden arrhythmic death (SAD), the
only type of sudden death rescuable by defibrillator. How-
ever, because autopsy confirmation of these out-of-hospital
deaths is rare, these criteria presume an arrhythmic cause of
death.!13!4 In the prospective San Francisco Postmortem Sys-
tematic Investigation of Sudden Cardiac Death (POST SCD)
Study, the investigators demonstrated that nearly half of pre-
sumed SCDs defined by WHO criteria were found to have an
easily identified nonarrhythmic cause on autopsy, including
occult overdose, cardiac tamponade, intracranial hemor-
rhage, aneurysm rupture, and pulmonary embolism.'?

To our knowledge, no other study has reliably adjudi-
cated presumed SCDs for arrhythmic causes using systematic
autopsy; thus, the association of QTPMs with risk of autopsy-
defined SAD is unknown.''? Therefore, we sought to assess
the risk of QTPMs on autopsy-defined SAD in the POST SCD
Study.!®

Methods

Setting and Study Population
We analyzed data from the POST SCD Study, a prospective
countywide autopsy study of all deaths attributed to WHO-
defined SCD in San Francisco County from February 1, 2011,
to March 1, 2014."3 This study was approved by the University
of California, San Francisco, institutional review board, which
approved a waiver of informed consent because all patients
were dead. This study followed the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
reporting guideline.

In the POST SCD Study, all out-of-hospital unattended
deaths in San Francisco County, reported to the medical ex-
aminer by law, were screened daily for inclusion. Paramedic
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Key Points

Question What is the association of QT-prolonging medications
with the risk of sudden cardiac death when adjudicated by autopsy
as arrhythmic or nonarrhythmic death?

Findings In this countywide, case-control autopsy study of 525
presumed sudden cardiac deaths defined by standard consensus
criteria and 104 matched control deaths due to trauma,
QT-prolonging medications were associated with increased odds
of presumed sudden cardiac death compared with deaths due to
trauma; however, autopsy demonstrated that this increased risk
was specific for nonarrhythmic but not arrhythmic cause of death.

Meaning Studies using consensus criteria for sudden cardiac
death that presume arrhythmic cause may overestimate the
association of QT-prolonging medications with the risk of sudden
arrhythmic death.

records and investigator scene reports were reviewed to iden-
tify all out-of-hospital deaths due to cardiac arrest among in-
dividuals aged 18 to 90 years for subsequent detailed au-
topsy by a single board-certified forensic pathologist (E.M.),
including comprehensive gross and histological examination
ofthe internal organs of the thorax, abdomen, and cranial vault,
with particular attention to the heart for evidence of cardio-
vascular abnormalities.

Postmortem chemical analyses were performed for all pa-
tients, and toxicologic analyses (blood and urine) for those
younger than 75 years or 75 years and older without an obvious
cause of death after initial examination. Comprehensive premor-
tem medical records, including current prescription medication
lists, were obtained from all 10 county hospitals, paramedic
records, and out-of-county medical records for all cases.

A multidisciplinary committee, including the assistant
medical examiner (E.M.), a cardiac pathologist (P.U.), a neu-
rologist, and 2 cardiac electrophysiologists (J.E.O. and Z.H.T.),
reviewed comprehensive premortem medical records, foren-
sic investigator reports, paramedic records, cardiac implant-
able electronic device interrogations,'® and detailed autopsy,
toxicologic, and histologic findings for all out-of-hospital deaths
due to cardiac arrest to adjudicate (1) whether cardiac arrest
deaths met WHO criteria for SCD; (2) the mechanism of death,
thatis, sudden arrhythmic death (SAD) or nonarrhythmic sud-
den death (non-SAD); and (3) the single cause of death (eg,
acute coronary syndrome, intracranial hemorrhage, and oc-
cult overdose). Out-of-hospital deaths due to cardiac arrest de-
termined to have met WHO criteria—hereinafter referred to as
presumed SCD—were included in this study. As a control group,
we included a population of demographically similar indi-
viduals with nonsuicide, nonhomicide, accidental deaths due
to trauma that were referred for medicolegally mandated au-
topsy during the study period (hereinafter referred to as trauma
controls). These deaths underwent identical postmortem
investigation.

Adjudication of Cause of Death

Autopsy-defined SAD was death for which no identifiable alter-
native cause (eg, acute cerebrovascular accident, tamponade, vas-
cular rupture, pulmonary embolism, lethal toxicologic finding/
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occult overdose, acute heart failure with pulmonary edema) was
found despite comprehensive postmortem investigation, includ-
ing histologic, toxicologic, and chemical evaluations. Per usual
forensic toxicology protocol, overdose cause of death required
lethal serum or tissue levels in the absence of other pathologic
findings that could explain sudden death. Cases with interme-
diate toxicologic levels were not included as overdose deaths and
were considered SADs unless another nonarrhythmic cause was
found. Full details of the original POST SCD Study design and
methods, including a flowchart of the study population and
exclusion criteria, have been published previously.*

QTPM Exposure Definition

Comprehensive medication lists were compiled from medi-
calrecords, including electronic medical record-generated pre-
scriptions, physician notes, and medical examiner reports of
medications found on scene. All medication lists were re-
viewed and adjudicated by a clinical pharmacist (T.F.S.). In
addition, qualitative and quantitative blood and urine toxico-
logic analyses, sensitive to most major QTPM drug classes and
their metabolites, were performed.

Exposure toa QTPM was defined as the presence of a medi-
cation or metabolite, isolated at any concentration by serum
or urine toxicologic findings, or present on the most recent veri-
fied medication list. In the event of disagreement, toxico-
logic results were used; in cases of medications not sensi-
tively screened by toxicologic analysis, adjudicated medication
lists were used.

We used the CredibleMeds website,'® a continually up-
dated database of QTPM risk, to classify medications accord-
ing to QT prolongation risk consistent with prior studies.'”*°
Because the database classifies medications according to vary-
ingrisk of QT prolongation and torsades de pointes and to quan-
tify the additive effects of multiple QTPMs demonstrated in
epidemiologic and molecular studies, a score was derived for
each patient as the sum of all medications using the follow-
ing CredibleMeds categories: 3 points for known risk; 2 points
for possible risk; 1 point for conditional risk; and O points for
no risk.2022

A total QTPM exposure score was calculated for each pa-
tient representing the sum of the CredibleMeds scores for each
detected QTPM (eTable in the Supplement), then categorized
as none (0), low (1), moderate (2-4), or high (>4). This catego-
rization required exposure to more than 1 high-risk QTPM for
inclusion in the high exposure group and aimed to evenly dis-
tribute patients in each category. Medication lists were avail-
able at the time of adjudication, but investigators were blinded
to QTPM exposure scores.

Statistical Analysis

Data were analyzed from September 1, 2018, to June 15, 2019.
Baseline characteristics were presented as median and inter-
quartile range (IQR) or percentage and compared using x? and
unpaired t tests as appropriate. Logistic models were used to
assess the associations of the categorized QTPM exposure score
with presumed SCD, autopsy-defined SAD, and non-SAD vs
trauma, adjusting for potential confounders. Seemingly
unrelated regressions were used to assess the equality of the
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associations with QTPM across the comparisons of SAD and
non-SAD with trauma.?? The following sensitivity analyses
were performed: (1) using a continuous QTPM score, with
checks for nonlinear effects using a 3-knot restricted cubic
spline transformation of the score; (2) excluding SCDs due to
occult overdose; and (3) excluding psychiatric medications in
calculating the QTPM exposure score. All analyses were imple-
mented using STATA, version 15.1 (StataCorp LLP). Two-
tailed P < .05 indicated significance.

. |
Results

A total of 629 patients (mean [SD] age at time of death, 61.4
[15.7] years; 439 men [69.8%] and 190 women [30.2%]) in-
cluded 525 WHO-defined (presumed) SCDs and 104 trauma
controls for analysis. Compared with trauma controls, indi-
viduals with presumed SCDs were older (mean [SD] age, 62.6
[14.7]1 vs 55.1 [19.4] years) and had more medical comorbidi-
ties, including coronary artery disease (100 [19.0%] vs 11
[10.6%]; P = .04), hypertension (290 [55.2%] vs 28 [26.9%];
P =.001), and depression (93 [17.7%] vs 7 [6.7%]; P = .005)
(Table 1). Among presumed SCDs, 293 (55.8%) were autopsy-
defined SAD and 232 (44.2%) were non-SAD; details of these
findings have been reported previously." Medication lists were
available for all patients, and comprehensive toxicologic find-
ings identified additional QTPMs in 62 patients (9.9%).

QTPM Exposure Among Presumed SCDs

Compared with trauma controls, presumed SCDs had higher
QTPM exposure scores (median, 1 [IQR, 0-2] vs O [IQR, 0-1];
P <.001) and were more likely to be taking any QTPM (291
[55.4%] vs 28 [26.9%]; P < .001) (Table 2). Compared with no
QTPM exposure, low and high QTPM exposure scores were as-
sociated with an increased risk of presumed SCD (adjusted odds
ratio [aOR] for low, 2.25 [95% CI, 1.03-4.96; P = .04]; aOR for
high, 6.70 [95% CI, 1.47-30.67; P = .02]) (Figure 1), with evi-
dence of dose-response (P = .02 for linear trend). We ob-
served no significant increased risk for scores in the moder-
ate range (aOR, 1.89 [95% CI, 0.96-3.73; P = .07]). Individuals
with presumed SCD were more likely to be taking cardiac (166
[31.6%] vs 9 [8.7%]; P < .001) and gastrointestinal tract (78
[14.9%] vs 7 [6.7%]; P = .02) QTPM, with similar rates of neu-
rological (25[4.8%]1vs 3[2.9%]; P = .40), psychiatric (88 [16.8%]
vs10[9.6%]; P = .07), and anti-infective (26 [5.0%] vs 1[1.0%];
P =.07) QTPM exposure (Figure 2).

QTPM Exposure Among Autopsy-Defined SADs

and Non-SADs

Non-SADs had greater exposure to QTPMs than SADs (median
score, 1[IQR, 0-4] vs 1[IQR, 0-2]; P < .001), and a higher propor-
tion had exposure to any QTPM (141 0f 232 [60.8%] vs 150 of 293
[51.2%]; P = .03) (Table 2). Compared with trauma controls, QTPM
exposure as categorized by QTPM scores was associated with in-
creased risk of non-SAD in a dose-response manner (aOR for low,
2.88[95% CI, 1.18-6.99; P = .02]; aOR for moderate, 2.62 [95%
CI, 1.20-5.73; P = .02]; aOR for high, 14.22 [95% CI, 2.91-69.30;
P =.001]; P = .002 for linear trend). In contrast, categorized QTPM
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Table 1. Demographic Characteristics and Premortem Conditions in Control Deaths Due to Trauma, Presumed SCDs,

and Autopsy-Defined SAD or Non-SAD

Presumed SCD

QTPM Exposure P Value,
All Trauma Autopsy-
Presumed Trauma Controls All  Defined P Value,
SCD None Low Moderate High Controls Presumed SAD Non-SAD SAD vs
Characteristic (n = 525) (n=234) (n=112) (n=122) (n=57) (n =104) SCD (n=293) (n =232) Non-SAD
Age, mean (SD),y  62.6(14.7) 61.5(15.6) 65.0(14.1) 64.3(14.3) 60.3(11.6) 55.1(19.4) <.001 63.9 (14.5) 60.9(14.8) .01
Male, No. (%) 362(69.0) 169(72.2) 78(69.6) 80 (65.6) 35(61.4) 77 (74.0) .30 220(75.1) 142(61.2) <.001
Race/ethnicity,
No. (%)
Asian 110 (21.0) 55(23.5) 26 (23.2) 23(18.9) 6(10.5) 28 (26.9) 68 (23.2) 42(18.1)
Black 81(15.4) 20(8.5) 22 (19.6) 27 (22.1) 12 (21.1) 9(8.7) 35(11.9) 46 (19.8)
White 279(53.1) 129(55.1) 52(46.4) 65 (53.3) 33(57.9) 50(48.1) .02 160 (54.6) 119(51.3) .12
Hispanic 40 (7.6) 23(9.8) 6(5.4) 5(4.1) 6(10.5) 16 (15.4) 21(7.2) 19(8.2)
Other 15(2.9) 7(3.0) 6(5.4) 2(1.6) 0 1(1.0) 9(3.1) 6(2.6)
History, No. (%)
g_oronary artery 100(19.0) 29(12.4) 32 (28.6) 28(23.0) 11(19.3) 11 (10.6) .04 70(23.9) 30(12.9) .001
isease
](CIQ[]gestive heart 68 (13.0) 7 (3.0) 27 (24.1) 26 (21.3) 8 (14.0) 7 (6.7) .07 47 (16.0) 21(9.1) .02
ailure
Tobacco use 211(40.2) 73(31.2) 55(49.1) 54 (44.3) 29 (50.9) 20(19.2) <.001 115(39.2) 96(41.4) .62
Hypertension 290(55.2) 88(37.6) 87 (77.7) 78 (63.9) 37 (64.9) 28(26.9) .001 175(59.7) 115(49.6) .02
Diabetes 117 (22.3) 47(20.1) 33(29.5) 24 (19.7) 13 (22.8) 13 (12.5) .02 72 (24.6) 45(19.4) .16
g_hronic kidney ~ 58(11.0) 7(3.0) 23 (20.5) 19 (15.6) 9(15.8) 9(8.7) 47 33(11.3) 25(10.8) .86
isease
Depression 93 (17.7) 17(7.3) 12(10.7) 32(26.2) 32(56.1) 7(6.7) .005 37 (12.6) 56 (24.1) <.001
Schizophrenia 36 (6.9) 3(1.3) 6(5.4) 18 (14.8) 9(15.8) 4(3.8) .25 16 (5.5) 20(8.6) .15
Any psychiatric 143 (27.2) 28(12.0) 23 (20.5) 53(43.4) 39 (68.4) 17 (16.3) .02 61(20.8) 82 (35.3) <.001

disorder®

Abbreviations: QTPM, QT-prolonging medication; SAD, sudden arrhythmic death; SCD, sudden cardiac death.

2 Includes a prior diagnosis of anxiety, bipolar disorder, borderline personality disorder, depression, insomnia, mood disorder, obsessive-compulsive disorder,

posttraumatic stress disorder, psychosis, or schizophrenia.

Table 2. QTPM Exposure and Class by Autopsy-Adjudicated Outcome

Presumed P Value, P d5CD Occult

Sudden Trauma Trauma JESUNIE Overdose P Value,

Cardiac Death  Controls Controls SAD Non-SAD P Value, SAD SCD Occult Overdose
Exposure/Class (n =525) (n=104) vs SCD (n=293) (n=232) vs Non-SAD (n=71) vs Trauma Controls
QT score, median (IQR) 1 (0-2) 0(0-1) <.001 1(0-2) 1(0-4) <.001 3(1-5) <.001
Any QTPM, No. (%) 291 (55.4) 28 (26.9) <.001 150(51.2) 141 (60.8) 13 54 (76.1) <.001

Abbreviations: IQR, interquartile range; QTPM, QT-prolonging medication; SAD, sudden arrhythmic death; SCD, sudden cardiac death.

scores did not have a statistically significant association with SAD
compared with trauma controls (aOR for low, 1.85[95% CI, 0.81-
4.25; P = .15];a0OR for moderate, 1.59 [95% CI, 0.75-3.35; P = .22];
aOR for high, 3.03 [95% CI, 0.58-15.78; P = .19) (P = .22 for lin-
ear trend) (Figure 1). The comparison using seemingly unrelated
regressions provided evidence that the estimates for non-SAD
and SAD differ (P = .02 overall; P = .003 for high QTPM). The non-
SAD group was more likely to be taking neurological (18 [7.8%]
vs 7 [2.4%]; P = .004), psychiatric (50 [21.6%] vs 38 [13.0%];
P =.009), and anti-infective (18 [7.8%] vs 8 [2.7%]; P = .008)
QTPM compared with the SAD group, with similar rates of use
for cardiac (71[30.6%] vs 95 [32.4%]; P = .65) and gastrointesti-
nal (33 [14.2%] vs 45 [15.4%]; P = .72) QTPM (Figure 2).

QTPM Exposure by Autopsy Causes of Death

Among autopsy-defined SADs, QTPM exposure was highest
among individuals with cardiac hypertrophy, chronic coronary
artery disease, and cardiomyopathy as the underlying cause of

JAMA Internal Medicine Published online March 2,2020

arrhythmic death. Those with primary electrical disease/normal
heart findings had the lowest exposure (Figure 3). Among
non-SADs, QTPM exposure was highest among individuals with
diabetic ketoacidosis, overdose, acute renal failure, gastrointes-
tinal tract hemorrhage, and infection including pneumonia.

QPTMs and Occult Overdose SCDs

Presumed SCDs found to be due to overdose by systematic
postmortem toxicologic findings (ie, occult overdose SCDs)
accounted for 71 of the 232 non-SADs (30.6%). Individuals with
occult overdose SCDs had greater QTPM exposure and were
more likely to be taking QTPMs (mean [SD] exposure, 3.3 [3.2];
QTPM exposure, 54 [76.0%]) than trauma controls (mean [SD]
exposure, 0.7 [1.4]; QTPM exposure, 28 [26.9%]) or those with
non-overdose SCDs (mean [SD] exposure, 1.2 [1.4]; QTPM ex-
posure, 265[47.5%]; P < .001 for all comparisons) (Table 2). In-
dividuals with occult overdose SCDs were more likely to be tak-
ing neurological QTPMs (8 of 71 [11.3%] vs 25 of 525 [4.8%];
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Figure 1. Risk of Autopsy-Defined Causes of Sudden Cardiac Death (SCD)

Compared With Deaths Due to Trauma (Trauma Controls)

Lower Risk : Higher Risk
of Sudden | of Sudden
Outcome a0R (95% CI) Death : Death P Value
All presumed SCD
Low QTPM score 2.25(1.03-4.96) —a— 04
Moderate QTPM score 1.89 (0.96-3.73) —a— 07
High QTPM score 6.70 (1.47-30.67) ] 01
Heterogeneity: P=.02
Linear trend: P=.02
SAD
Low QTPM score 1.85(0.81-4.25) — 15
Moderate QTPM score 1.59 (0.75-3.35) —— 22
High QTPM score 3.03(0.58-15.78) B 19
Heterogeneity: P=.27
Linear trend: P=.22
Data were stratified by QT-prolonging
Non-SAD medication (QTPM) exposure (low,
Low QTPM score 2.88 (1.18-6.99) L B 02 moderate, and high). Odds ratios
Moderate QTPM score 2.62 (1.20-5.73) . E— 02 were adjusted for baseline age, sex,
High QTPM score 14.22 (2.91-69.30) = 001 race, tobacco use, history of coronary
Heterogeneity: P=.001 artery disease, heart failure, chronic
Linear trend: P=.002 ‘ — — : renal disease, diabetes, hypertension,
0.5 5 50 100 depression, and any psychiatric

aOR (95% Cl)

diagnosis (aORs). SAD indicates
sudden arrhythmic death.

Figure 2. Proportion of Patients Exposed to QT-Prolonging Medication (QTPM) by Drug Class and Autopsy-Defined Cause of Death

N

[ Trauma [ Presumed SCD [I] SAD [] Non-SAD [ ] Non-SAD overdose

701
60| - %
50| %
40+

30+

Participants Using QTPM, %

204

i ﬁ
0-

ﬁﬂmﬁ all= |

;ﬁﬁﬁﬁ

Any Cardiac Gastrointestinal

Neurological Psychiatric Anti-infective

Type of QTPM

Whiskers denote standard error of mean. Comparison of sudden arrhythmic
deaths (SAD) and nonarrhythmic sudden deaths (non-SAD) with control deaths
due to trauma (trauma controls) was performed using x? test. Neurological
QPTMs included antispasmodics, cholinesterase inhibitors, and opiates,
including methadone. Psychiatric QTPMs included selective serotonin reuptake
inhibitors, first- and second-generation antipsychotics, and tricyclic and atypical

antidepressants. Anti-infective QPTMs included antiretrovirals, antibiotics, and
antifungals. SCD indicates sudden cardiac death.

@ P < .01 vs trauma controls.
P < 05 vs trauma controls.

P =.02) and psychiatric QTPMs (22 of 71 [31.0%] vs 88 of 525
[16.8%]; P = .004), including methadone (19 of 71 [26.8%] vs
30 of 525 [5.7%]; P < .001), and more likely to use illicit sub-
stances (cocaine: 23 of 71 [32.4%] vs 37 of 525 [7.0%]; meth-
amphetamine: 11 of 71[15.5%] vs 15 0of 525 [2.9%]; P < .001 for
both) than those with presumed SCDs as a whole. Overdose
SCDs had similar rates of exposure to cardiac, gastrointesti-
nal, and anti-infective QTPMs (Figure 2).

jamainternalmedicine.com

Sensitivity Analyses

Findings were similar when evaluating the QTPM score as a
continuous variable. Compared with trauma controls, QTPM
score was associated with increased risk of presumed SCD (aOR,
1.27[95% CI, 1.06-1.51; P = .01]), with no evidence for nonlin-
earity (P = .31). After postmortem investigation, QTPM score
was associated with increased risk of non-SAD (aOR, 1.43 [95%
CI, 1.16-1.75; P < .001]) but not SAD (aOR, 1.15 [95% CI, 0.94-
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Figure 3. Exposure to QT-Prolonging Medication (QTPM) by Selected Autopsy-Defined Cause of Death
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1.40; P = .16]), again with no evidence of nonlinear effects
(P = .30 for both).

Exclusion of occult overdose deaths attenuated the asso-
ciation of QTPM score categories with presumed SCDs, espe-
cially in the high-exposure group, which had the highest pro-
portion of overdose deaths (aOR for low score, 2.06 [95% CI,
0.93-4.57; P = .08]; aOR for moderate score, 1.57 [95% CI, 0.77-
3.19; P = .21]; aOR for high score, 3.81 [95% CI, 0.81-18.06;
P =.09]). Exclusion of psychiatric QTPM attenuated the asso-
ciation of QTPM score with presumed SCD (aOR for low score,
3.07[95% CI, 1.34-7.03; P = .008]; aOR for moderate score, 2.37
[95% CI, 1.06-5.29; P = .04]; aOR for high score, 1.00 [95% CI,
1.00-1.00]) and non-SAD (aOR for low score, 4.09 [95% CI, 1.59-
10.48; P = .004]; aOR for moderate score, 2.97 [95% CI, 1.20-
7.34; P = .02]; aOR for high score, 1.00 [95% CI, 1.00-1.00])
in the high-exposure groups, which were disproportionately
affected by mental health disorders (Table 1).

|
Discussion

In this analysis of the POST SCD study, a comprehensive post-
mortem investigation of all incident presumed SCDs as de-
fined by conventional criteria countywide during a 3-year
period found that after adjustment for potential confound-
ers, QTPM exposure was associated with an increased risk of
presumed SCD in an exposure-response manner, consistent
with prior studies.?*2> As with prior studies, at face value, these
findings are concerning for QTPMs conveying an increased risk
of SCD that is presumed due to fatal arrhythmias. However,
after systematic postmortem investigation, we found that the

JAMA Internal Medicine Published online March 2,2020

increased risk was specific for deaths found to have a nonar-
rhythmic cause.

In the POST SCD Study, nearly half of presumed SCDs were
nonarrhythmic; herein we determined that these nonarrhyth-
mic deaths had higher overall exposure to QTPM, in many cases
prescribed for an indication associated with the autopsy-
defined cause of death (eg, psychiatric QTPM and illicit drug
overdose). The range of exposure to QTPM increased the odds
of nonarrhythmic death from 2.8- to 14.2-fold in a statisti-
cally significant, exposure-dependent manner. In contrast, not
even the highest exposure to QTPM translated to a statisti-
cally significant increased odds of autopsy-defined SAD.
Unrelated regression analysis supported a true difference be-
tween these comparisons rather than lack of power in the SAD
group leading to such findings. Overall, we believe that these
findings reflect the predisposition for higher exposure to
QTPMs among individuals at risk for non-SAD, leading to con-
founding by indication and an overestimation of the risk of
QTPM for presumed SCD not defined by autopsy.

Our study is the first, to our knowledge, to assess the as-
sociation of QTPMs with SCD risk adjudicated with a nearly
100% rate of autopsy. A prior uncontrolled study evaluating
SCD in young patients (aged 1-49 years; mean age, 38 years)2®
achieved a 55% autopsy rate and found that QTPMs were as-
sociated with increased risk of SAD compared with non-SAD.
However, this prior study did not perform toxicologic analy-
sis to rule out overdose as occult cause of presumed SCD, par-
ticularly important in a younger population, and its lower
autopsy rates may lead to bias because only half of SCDs were
confirmed. In our study, we found QTPM use to be the high-
est in this overdose subgroup. Although continuous rhythm
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monitoring has been proposed as a more ideal standard than
autopsy for SAD,?” ostensibly fatal arrhythmias may actually
be due to nonarrhythmic cause. In the POST SCD Study, au-
topsy identified cases in which an implantable cardioverter
defibrillator detected and treated ventricular fibrillation but
failed to prevent sudden death because an inciting subarach-
noid hemorrhage had caused neurocardiogenic ventricular
fibrillation.?®

In the POST SCD Study, occult overdoses (13.5% of SCDs)
were the most common noncardiac cause of presumed
SCDs.!® Exclusion of these occult overdose SCDs attenuated
the risk of SCD in the highest QTPM exposure strata; these
patients were disproportionately taking QTPMs, including
psychiatric medications and opiates. Exclusion of psychiatric
QTPMs resulted in similar attenuation, because the comor-
bid burden of mental health disorders was disproportion-
ately higher in those with the highest QTPM exposure. This
finding suggests that misclassified occult overdose deaths
may partially explain the previously reported increase in
SCD risk with some QTPMs.'?-?* Occult overdoses misclassi-
fied as SCDs may also account for the previously reported
association between psychiatric and neurological QTPMs,
including antipsychotics and methadone, with presumed
SCD.24’25’29

QT prolongation has long served as a surrogate marker of
medication cardiotoxicity, by which drugs prolong ventricu-
lar repolarization and predispose to ventricular arrhythmias,
including torsades de pointes.>3° As a result of epidemio-
logic associations and a history of public drug withdrawals
based on postapproval studies, QT prolongation has become
amajor focus in drug safety and development, with many can-
didate agents being abandoned owing to signals in QT
prolongation.>> However, the link between the effect of pro-
longed repolarization, as measured by prolonged QT interval,
and the risk of torsades de pointes and other fatal ventricular
tachyarrhythmias is imperfect.>3! The risk of arrhythmia is not
a linear function of the QT interval nor the extent of change
with therapy, and some drugs prolong QT intervals yet rarely
cause torsades de pointes.>332 Despite its limitations, QT pro-
longation continues to be an important metric of drug safety
and is among the most common reasons for drug withdrawal
and black-box warnings in the United States.® Our results cau-
tion the use of consensus criteria in evaluating the associa-
tion of QTPMs and SCD and highlight the importance of com-
prehensive postmortem evaluation, including toxicologic
effects, in the evaluation of sudden deaths.

Because our results do not exclude increased risk of SAD
with QTPMs, regulatory policy and patient safety measures sur-
rounding QTPM continue to be important. However, our study
indicates that most of the association with sudden death was
nonarrhythmic and mechanistically unrelated to QT prolon-
gation. Clinicians routinely use screening electrocardiog-
raphy during treatment, with discontinuation of QTPM if the
QT interval is prolonged, in many cases limiting the use of first-
line therapies. Outside specific highly-monitored settings (eg,
hospitalized initiation of dofetilide treatment),3? it remains
unclear whether routine screening and QT interval-guided tai-
loring of therapy is beneficial or sufficient to alter the risk of
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sudden death. Current drug information label recommenda-
tions from the US Food and Drug Administration are drug spe-
cific and equivocal but generally recommend assessment of
baseline risk factors for torsades de pointes and close moni-
toring of electrolyte levels, with variable recommendations
for measurement of baseline QT intervals.

Our findings suggest the current best estimate of the risk
of SAD associated with QTPM is confounded and may be sig-
nificantly overestimated. Given that our study lacks QT inter-
val data, clinicians should continue to exercise caution in moni-
toring patients with QTPM exposure, because the greatest
exposure was highly associated with sudden death, albeit
predominantly due to nonarrhythmic causes. However, clini-
cians should be aware that interventions focused solely on pre-
vention of arrhythmic death are unlikely to entirely address
the risk of sudden death in this population. Our results sug-
gest that efforts focused on reducing risks of comorbid con-
ditions, including close monitoring for illicit drug use and
sequelae of diabetes, psychiatric diseases, and renal failure,
are important to reduce overall risk of sudden mortality in
patients prescribed QTPMs.

Limitations

This study was limited by the use of electronic medical rec-
ords and forensic investigator-generated medication lists,
which may incompletely capture medication exposures at the
time of death. Pharmacy filling records were unavailable, and
therefore we are unable to reliably ascertain the duration and
compliance of therapy; thus, toxicologic results were prefer-
entially applied. Although comprehensive toxicologic analy-
sis does not capture all routinely used pharmaceuticals, be-
cause the same toxicologic assay was performed in all patients,
the effect of incomplete medication capture is likely bal-
anced and minimal. We also proposed a novel scoring system
to quantify QTPM exposure, because no other validated mea-
sure exists. This system was used to account for the variable
risk of QT prolongation and torsades de pointes associated with
medications and to quantify the demonstrated additive ef-
fects of multiple QTPMs, which is incompletely captured by
binomial classification of QTPM exposure. It is unclear whether
this approach optimally quantifies additive or potentially syn-
ergistic effects of multiple QTPM.?2 Owing to the population-
based nature of the POST SCD Study, not all patients had elec-
trocardiograms because they had been performed only as part
of clinical care and were variably timed in relation to QTPM
exposure and sudden death. Thus, we were unable to reliably
correlate QTPM exposure with measured QT corrected inter-
vals and arrhythmic events. Although no single electrocardio-
graphic measurement can fully stratify risk for sudden death,
future studies may attempt to correlate QT corrected interval
and autopsy-defined SAD and non-SAD. In addition, this study
was performed in a single city in the United States; rates of
QTPM use, illicit drug use, and intensity of QT interval moni-
toring may differ geographically, and thus results may not be
generalizable to all populations. However, the rate of over-
dose sudden deaths in San Francisco County is similar to
other urban communities, such as King County (Seattle),
Washington.>*
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Conclusions

Leveraging the comprehensive autopsy adjudication per-
formed in the novel POST SCD cohort, we confirmed the as-
sociation of QTPMs with risk of presumed SCD; however, af-
ter comprehensive postmortem investigation, we found this
risk was specific for nonarrhythmic causes. Studies using con-
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