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Abstract

Introduction In ED patients with acute drug overdose involving prescription medication and/or substances of abuse, severe
QTec prolongation (> 500 ms) is predictive of adverse cardiovascular events (ACVE), defined as myocardial injury, ventricular
dysrhythmia, shock, or cardiac arrest. However, it is unclear whether delayed severe QTc prolongation (dsQTp) is a risk
factor for ACVE and if specific clinical factors are associated with occurrence of dsQTp.

Methods A secondary analysis of a prospective cohort of consecutive adult ED patients with acute drug overdose was per-
formed on patients with initial QTc < 500 ms. The predictor variable, dsQTp, was defined as initial QTc < 500 ms followed
by repeat QTc > 500 ms. The primary outcome was occurrence of ACVE. Multivariable logistic regression was performed
to test whether dsQTp was an independent predictor of ACVE and to derive clinical factors associated with dsQTp.
Results Of 2311 patients screened, 1648 patients were included. The dsQTp group (N=27) was older than the control
group (N=1621) (51.6 vs 40.2, p <0.001) and had a higher number of drug exposures (2.92 vs 2.16, p=0.003). Following
adjustment for age, sex, race/ethnicity, number of exposures, serum potassium, and opioid exposure, dsQTp remained an
independent predictor of ACVE (aOR: 12.44, p <0.0001). Clinical factors associated with dsQTp were age >45 years and
polydrug (> 3) overdoses.

Conclusion In this large secondary analysis of ED patients with acute drug overdose, dsQTp was an independent risk factor
for in-hospital occurrence of ACVE.

Keywords Overdose - QT prolongation - Adverse cardiovascular events

Introduction

Drug overdose represents a major source of mortality and
morbidity within the USA, with over 67,000 deaths due
to drug overdose in 2018 alone [1].Drug overdose deaths
increased by nearly 10% from 2016 to 2017. [2] Over this
Supervising Editor: David M. Wood, MD same time period, there were over 900,000 nonfatal over-
doses managed within the Emergency Department (ED)
setting [2].

Adverse cardiovascular events (ACVE) in the setting of
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has been previously described [6]. Severe QTc prolongation
in ED patients with overdose has also been shown to be a
predictor of adverse cardiovascular events (ACVE) [4, 7, 8].
Prior studies have noted an over tenfold increase in odds of
ACVE in the patient population with QTc prolongation upon
ED presentation [7].

Delayed severe QTc prolongation (defined as a
QTc> 500 ms on repeat ECG following an initial normal
QTec) following specific drug exposures is a phenomenon
that has been noted in the literature with prior case series
detailing delayed severe QTc prolongation due to citalopram
and methadone and recent characterization of delayed severe
QTc prolongation by drug class [6, 9-12]. However, this
phenomenon has not been studied systematically. Delayed
severe QTc prolongation may occur due to intracellular
potassium shifts, which may result from bicarbonate admin-
istration; a rise in serum pH is accompanied by potassium
movement into the cells to maintain electroneutrality [13,
14]. dsQTp may also occur due to delayed absorption from
co-ingestions, pharmacokinetics and/or toxicokinetics of the
drugs involved, or drug-drug interactions. Currently, it is
unknown if delayed severe QTc prolongation (dsQTp) can be
as predictive as initial QTp for identifying those at risk for
ACVE in this patient population. If indeed dsQTp is identi-
fied as a novel ACVE risk factor, this could have substantial
clinical practice implications related to identifying those at
risk for subsequent cardiovascular decompensation.

Given the increasing incidence of drug overdose in the
USA and the substantial role of ACVE in associated morbid-
ity and mortality, an improved understanding of predictors
of ACVE in this patient population is vital to improve risk
stratification and management. Identifying clinical factors
associated with dsQTp may allow for identification of ED
patients potentially requiring serial repeat ECG screening.
Accordingly, the present study aims to: (1) define clinical
factors associated with dsQTp in ED patients with acute
drug overdose and (2) test whether dsQTp is an independent
predictor of ACVE in this patient population.

Methods
Study Design and Setting

This was a secondary data analysis from a prospective cohort
study at two academic, urban tertiary care EDs from March
2015 through March 2020. The ED at one site has annual
patient volumes of approximately 145,000 visits; the second
site has approximately 106,000 ED visits annually. Annual
volumes include visits to the psychiatric ED, pediatric ED,
and urgent cares. IRB approval was obtained with waiver
of consent prior to data collection at the study institutions.
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Study Population

Patients in the parent cohort (which aims to validate a
previously derived risk prediction tool for prediction of
adverse cardiovascular events [4]) are consecutive ED
patients over the age of 18 with acute overdose or poison-
ing; of these, a secondary data analysis was performed
on those with an initial QTc <500 ms upon presentation
[15]. ED patients with suspected acute drug overdose were
screened prospectively by trained research assistants based
on presenting chief complaint. Patients were enrolled con-
secutively 24 h a day over the study period. Exclusion
criteria from the cohort were as follows: initial ECG with
QTc >500, age under 18, an alternative diagnosis (e.g.,
stroke, sepsis), non-drug exposure (e.g., caustic, plant),
dermal exposure (due to the self-limiting nature of these
exposures), chronic toxicity (i.e., symptom onset not
within prior 24 h), prisoner status, do not resuscitate/do
not intubate (DNR/DNI) status, missing data, or transfer
of patient to other hospital/care facility.

Measures

Data were abstracted from the medical chart by several
trained research assistants for the original prospective
cohort study. Data collection from the medical chart
occurred in accordance with accepted guidelines for valid
medical chart abstraction, including training of abstractors
and 95% agreement of a random sampling of ten test charts
prior to mass data abstraction [16]. Abstractors were blind
to study hypothesis.

Data collected included demographics, drug expo-
sure, medication administration, initial (upon arrival to
ED) and repeat ECG data, lab data (during presenting
ED visit, generally within 1-2 h of initial ECG), and out-
come measures. dsQTp was defined as presence of initial
QTc <500 ms followed by repeat ECG with QTc > 500 ms.
Prior large cohort studies have validated a cutoff of 500 ms
as being most predictive of adverse cardiovascular events
in ED patients with acute drug overdose [4, 7]. Based on
prior literature [8], the computer-generated corrected QT
interval (Bazett’s corrected QTc, QT/ \/ RR) was used as it
has been previously validated for this purpose [6-8, 15].
There was no defined time interval for the repeat ECG, as
it was obtained as part of routine clinical care. For patients
who had multiple repeat ECGs, the ECG during the hos-
pital stay with the longest QTc interval was recorded.
Repeat ECGs with normal QTc were not recorded in the
database. Cohort patients were grouped on the basis of
dsQTp; patients with a repeat ECG with QTc > 500 ms
were the dsQTp group, while control patients were patients
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with repeat ECG with QTc <500 ms or who did not have
arepeat ECG performed. Enrolled subjects were then pro-
spectively followed to hospital discharge for occurrence of
the study outcomes (below).

Outcomes

The primary study outcome was the occurrence of adverse
cardiovascular events (ACVE). ACVE was defined accord-
ing to prior literature [3, 4] as the composite in-hospital
occurrence of any of the following: (A) myocardial injury
(serum troponin elevation >0.10 ng/mL); (B) ventricular
dysrhythmias (defined as ventricular tachycardia (VT), ven-
tricular fibrillation (VF) or Torsades des Pointes (TdP)); (C)
cardiac arrest (loss of pulse requiring CPR); or (D) shock
(hypotension requiring administration of vasopressors).

Analysis

Univariate statistics were employed to evaluate for asso-
ciations between demographic/clinical characteristics and
dsQTp. Demographic factors examined included age, sex,
and race/ethnicity. Clinical characteristics included underly-
ing coronary artery disease (CAD) and/or congestive heart
failure (CHF), serum electrolytes (potassium, calcium and
bicarbonate), serum pH, number of exposures, drug class,
and administration of antipsychotic agent for agitation
within the ED. Chi-squared tests were performed for cat-
egorical variables, and #-tests or ANOVA were employed for
continuous variables. Chi-squared analysis was utilized to
test for association between dsQTp and the composite out-
come of ACVE as well as each ACVE subgroup (myocardial
injury, shock, ventricular dysrhythmia, cardiac arrest).

We performed a multivariable logistic regression to
further evaluate demographic and clinical predictors of
dsQTp. Demographic and clinical characteristics that were
found to have significant associations on bivariate analysis
as well as characteristics of interest a priori were included
in the model. We generated receiver operating character-
istic (ROC) curves for continuous variables found to be
predictive of dsQTp. We identified optimal cutoff points
for these predictive variables by identifying the point
which yielded the maximum value for the sum of sen-
sitivity and specificity. Multivariable logistic regression
was subsequently used to further evaluate the association
between ACVE and dsQTp with adjustment for age, sex,
race/ethnicity, number of exposures, and exposure to an
opioid. Predictors for inclusion in the regression model
were chosen based on significant associations on bivariate
analysis as well as variables of interest a priori. A second
multivariable logistic regression model was used to evalu-
ate the association between ACVE and dsQTp following
adjustment for known risk factors for ACVE. History of

cardiac disease, serum bicarbonate, and age were included
as covariates as these characteristics have been previously
associated with ACVE [4].

Sensitivity analysis was performed to account for poten-
tial confounding by ED administration of antipsychotic
agents for sedation. We compared rates of dsQTp among
patients given antipsychotic agents within the ED and
analyzed for univariate associations according to specific
antipsychotic agents.

With a fixed sample size of 1648, we calculated that
we would have >97% power to show a threefold increase
in adjusted risk of ACVE in those with dsQTp, with 0.05
alpha. Statistical analyses were performed using SAS Uni-
versity Edition v.9.4 (SAS Institute, Cary, NC) and SPSS
v. 24 (IBM, Armonk, NY).

Results
Enrollment and Demographics

Out of 2311 patients screened, 663 were excluded leav-
ing 1648 patients for analysis. Patient enrollment and
inclusion/exclusion details are summarized in Fig. 1. The
dsQTp group (N=27, 1.6% of total included patients) was
found to be older than the control group (N=1621) (51.6
vs 40.2 p <0.001). The dsQTp group was also found to
have a significantly higher number of exposures (2.92 vs
2.16 p=0.003). However, there were no significant dif-
ferences with regard to sex, race/ethnicity, pH, baseline
potassium, or baseline calcium (p = NS for all). Addition-
ally, baseline rates of underlying coronary artery disease
(CAD) or congestive heart failure (CHF) were similar
between the two groups. A comparison of patient demo-
graphics and clinical characteristics between groups is
presented in Table 1.

Drug Exposures

The most common drug classes reported by ED patients
were opioids, stimulants, benzodiazepines, other sedatives
(including alcohol), and anti-depressants. There was a sig-
nificantly higher number of opioid exposures in the dsQTp
group when compared to the control group (67% of expo-
sures versus 35%, p=0.001); there were no other significant
differences in other drug classes. The most common opi-
oid exposures were methadone (N=38) and heroin (N=2).
Other opioid exposures in the dsQTp group included trama-
dol (N=1) and hydromorphone (N=1). A full summary of
drug classes is presented in Table 2, and time to dsQTp by
specific patient is presented in Fig. 2.

@ Springer
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Fig. 1 Study enrollment and
inclusion/exclusion criteria.
Abbreviations: DNR, do not
resuscitate; DNI, do not intu-
bate; dsQTp, delayed severe
QTc prolongation.

Table 1 Demographic and
clinical characteristics of ED
overdose patients.

Patients screened for
eligibility (n=2311)

Exclusions (n=663)

Age < 18 (n=162)
Alternate diagnosis (n=58)
Lacking data (n=160)

® Non-drug overdose (n=51)
Chronic overdose (n=9)

® Dermal exposure (n=33)

e  DNR/DNI status (n=6)

e Prisoner/Police custody (n=95)
Transferred out (n=5)

Eligible Patients (n=1648) e Initial QTc >499 (n=83)
[ ]

Other (n=1)

Patients with
dsQTp (n=27)

Patients without
dsQTp (n=1621)

Patient characteristic dsQTp (n=27) No dsQTp (n=1621) p Value
Age, mean (SD)* 51.6 (18.7) 40.2 (16.3) p<0.01*
Female (N, %) 16 (59.3%) 657 (40.6%) p=NS
Race/ethnicity (N, %) p=NS
White 11 (42.3%) 437 (27.0%)

Black 6 (23.1%) 223 (13.8%)

Asian 2 (7.7%) 112 (6.9%)

Other/unknown 7 (26.9%) 848 (51.9%)

Hispanic 6 (24.0%) 45533.3%

Underlying cardiac disease (N, %) 2 (7.4%) 60 (3.7%) p=NS
Potassium, mean (mEq/L) 4.20 4.02 p=NS
Calcium, mean (mg/dl) 8.79 9.20 p=NS
Bicarbonate, mean (mEq/L) 24.4 25.3 p=NS
pH, mean 7.32 7.35 p=NS
Number of ingestions, mean* 2.92 2.16 p<0.01*

*p <0.05, TA r-test was utilized to test for significance

dsQTp delayed severe QTc prolongation, NS not significant

Factors Associated with dsQTp

We performed a multivariable logistic regression to iden-
tify demographic and clinical factors associated with dsQTp

@ Springer

following adjustment for potential confounders. Our model
included age, sex, race, ethnicity, number of exposures,
opioid exposure, and serum potassium as predictors. Age
(aOR, 1.04; 95% CI, 1.01, 1.06) and number of exposures
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Table 2 Reported drug class exposures in ED overdose patients.

Drug class dsQTp N (%) (n=27) No dsQTp N (%) Cohort total N (%) p Value
(n=1621) (n=1648)

Opioid* 18 (66.7%) 574 (35.1%) 592 (35.9%) p<0.01*
Benzodiazepine 11 (40.7%) 406 (24.8%) 417 (25.3%) p=NS
Other sedative (including EtOH) 10 (37.0%) 573 (35.1%) 583 (35.4%) p=NS
Stimulant 9 (33.3%) 387 (23.7%) 396 (24.0%) p=NS
Anti-depressant 6 (22.2%) 189 (11.6%) 195 (11.8%) p=NS
Analgesic (OTC non-opioid) 6 (22.2%) 347 21.2%) 353 (21.4%) p=NS
Cannabinoids 5 (18.5%) 238 (14.6%) 243 (14.7%) p=NS
Antipsychotic 4 (14.8%) 129 (7.9%) 133 (8.1%) p=NS
Cardiovascular (CCB, BB, digoxin, ACE-i) 3(11.1%) 83 (5.1%) 86 (5.2%) p=NS
Anti-epileptics 3(11.1%) 83 (5.1%) 86 (5.2%) p=NS
Metals 0 (0%) 2(0.1%) 2.(0.1%) p=NS
Caustics 0 (0%) 21 (1.3%) 21 (1.3%) p=NS
Toxic alcohol 0 (0%) 1 (0.06%) 1 (0.06%) p=NS
Diabetes medications 0 (0%) 35 (2.1%) 35(2.1%) p=NS
Diuretics 0 (0%) 3(0.2%) 3(0.2%) p=NS
Other 2 (7.4%) 278 (17.0%) 280 (17.0%) p=NS
Unknown 1 (3.7%) 54 (3.3%) 55 (3.3%) p=NS

“p<0.05; *A Chi-squared test was utilized to test for significance

Numbers do not sum to 100% due to majority of patients having polydrug exposures

ACE-i ACE inhibitor, BB beta-blocker, CCB calcium channel blocker, dsQTp delayed severe QTc prolongation, EtOH ethyl alcohol, NS not sig-
nificant, OTC over-the-counter
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Fig.2 Timeline of delayed QTc prolongation in ED overdose patients. Bars in red represent patients who experienced an ACVE, while bars in
blue represent patients with no ACVE. Abbreviations: ACVE, adverse cardiovascular event.
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(aOR, 1.24; 95% CI, 1.00-1.54) were found to be predictive
of dsQTp on adjusted analysis. Optimal cutpoints for these
two variables based on ROC curve analysis were as follows:
age > 45 years and number of exposures >3 drugs. Opioid
exposure was not significantly associated with dsQTp after
controlling for confounders. Serum potassium also was not
significantly associated with dsQTp. Full results are sum-
marized in Table 3.

Timing of ED Presentation and Delayed QTc
Prolongation

The mean time to ED arrival following overdose was 7.3
(SD: 9.6) hours in the control group and 8.3 (SD: 8.9) hours
in the dsQTp group. There was no significant difference in
time to ED arrival between groups (p =NS). The mean time
to delayed QTc prolongation was 40.3 (SD 70.1) hours from
the time of ED arrival. Time to delayed QTc ranged from
15 min to 362 h. Time to dsQTp was under 6 h in 29.6%
(8/27) of patients, 6 to 12 h in 14.8% (4/27), 12 to 24 h in
18.5% (5/27) and over 24 h in 37% (10/27).

Table 3 Multivariable logistic regression of clinical characteristics
associated with delayed severe QTc prolongation.

Clinical characteristic Adjusted OR (95% CI)
Age 1.04 (1.01, 1.06)
Sex 0.63 (0.28, 1.46)
Race/ethnicity
Black* 1.29 (0.42, 3.98)
Asian* 1.25(0.26, 6.11)
Hispanic" 1.01 (0.22, 4.59)

1.24 (1.00, 1.54)
2.70 (0.71, 10.26)
1.32 (0.82,2.14)

Number of ingestions
Opioid ingestion

Serum potassium

*White as reference, “non-Hispanic as reference

Main Analysis

On unadjusted analysis, we found that dsQTp was signifi-
cantly associated with occurrence of ACVE with 37.0%
(10/27) of patients with dsQTp experiencing an ACVE as
compared to 4.3% (70/1621) of patients without dsQTp (OR,
13.03; 95% CI, 5.76-29.50). dsQTp was also significantly
associated with myocardial injury (OR, 12.26; 95% CI,
4.93-30.46), shock (OR, 22.34; 95% CI, 8.67-57.61), car-
diac arrest (OR, 9.09; 95% CI, 2.55-32.41), and death (OR,
18.30; 95% CI, 4.80-69.78). dsQTp was not significantly
associated with ventricular dysrhythmias (OR, 6.20; 95% CI,
0.77-50.19). Full results are summarized in Table 4.

We subsequently performed a multivariable logistic
regression to evaluate the association between dsQTp and
ACVE after adjusting for potential confounders. Following
adjustment for age, sex, race/ethnicity, number of exposures,
serum potassium concentration, and opioid exposure, dsQTp
was significantly associated with ACVE (aOR, 12.44; 95%
CI, 4.78-32.41). Full results are summarized in Table 5.

We utilized a multivariable logistic regression model to
examine the association between dsQTp and ACVE fol-
lowing adjustment for known risk factors for ACVE. We
included history of cardiac disease, serum bicarbonate, age,
and dsQTp as predictors with ACVE as the outcome vari-
able. Following adjustment for cardiac disease, serum bicar-
bonate, and age, dsQTp remained significantly associated
with ACVE (aOR, 9.48; 95% ClI, 3.47, 25.92). Full results
are summarized in Table 5.

Sensitivity Analysis— Antipsychotics Administered

In order to determine if dsQTp in the study population was
iatrogenic due to ED administration of antipsychotics, we
performed a sensitivity analysis to determine the associa-
tion between ED antipsychotic administration and dsQTp.
In the dsQTp group, 3 patients (3/27, 11.1%) received halo-
peridol as compared to 138 patients in the control group

Table 4 Unadjusted analysis of

o Specific outcomes dsQTp N (%) (n=27) No dsQTp N (%) Unadjusted OR (95% CI)

association between dsQTp and (n=1621)

ACVE.
Any ACVE* 10 (37.0%) 70 (4.3%) 13.03 (5.76, 29.50)
Shock* 7 (25.9%) 25 (1.5%) 22.34 (8.67,57.61)
MI* 7 (25.9%) 45 (2.8%) 12.26 (4.93, 30.46)
Ventricular dysrhythmia 1(3.7%) 10 (0.6%) 6.20 (0.77, 50.19)
Cardiac arrest* 3(11.1%) 22 (1.4%) 9.09 (2.55, 32.41)
Death* 3(11.1%) 11 (0.7%) 18.30 (4.80, 69.78)
“p<0.05

ACVE adverse cardiovascular event, dsQTp delayed severe QTc prolongation, MI myocardial injury

myocardial injury, serum troponin>0.10 ng/mL; shock, hypotension requiring administration of vasopres-
sors; ventricular dysrhythmia, ventricular tachycardia, ventricular fibrillation, or Torsades des Pointes
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Table 5 Multivariable logistic regression model of association
between dsQTp and ACVE.

Model covariates Adjusted OR (95% CI)

Model 1
dsQTp 12.44 (4.78, 32.41)
Age 1.02 (1.00, 1.04)
Sex 1.60 (0.88, 2.90)
Race/ethnicity
Black™ 1.41 (0.64, 3.12)
Asian+ 0.73 (0.19, 2.79)
Hispanic® 0.72 (0.31, 1.66)

1.19(1.01, 1.41)
1.81 (0.58, 5.65)
2.57(1.77,3.72)

Number of ingestions

Opioid ingestion

Serum potassium
Model 2

dsQTp 9.48 (3.47,25.92)

Age 1.02 (1.01, 1.04)
5.37 (2.42,11.95)
0.82 (0.78, 0.87)

Underlying cardiac disease
Serum bicarbonate

. A . .
*White as reference; "non-Hispanic as reference

ACVE adverse cardiovascular event, dsQTp delayed severe QTc pro-
longation

(138/1621, 8.5%). No patients in the dsQTp group received
risperidone as compared to 2 patients in the control group
(2/1621, 0.1%). One patient in the dsQTp group received
quetiapine (1/27, 3.7%) as compared to 5 patients in the con-
trol group (5/1621, 0.3%). There were no significant asso-
ciations between antipsychotic agent administration and the
occurrence of dsQTp (p=NS for all), except for quetiapine
(»=0.003).

Discussion

This study found that dsQTp is an infrequent but important
finding in ED patients with acute drug overdose. Clinical
factors associated with dsQTp were older patient age and
polydrug exposures. Our findings add to the existing body
of literature which has identified other independent clinical
risk factors for ACVE [4, 15, 17]. Based on the findings
from the present study, clinicians should consider screening
a subset of high-risk ED patients for dsQTp due to its strong
association with ACVE. Future studies with protocolized
performance of repeat ECGs on this patient population are
warranted in order to validate and clarify these findings.
We identified patient age and number of exposures as
clinical risk factors for dsQTp. On initial univariate anal-
ysis, we also found opioid exposure to be significantly
associated with dsQTp. This association may have been
in part due to QTc prolongation from methadone use,

[12] although this study did not analyze data on opioid
subtypes. However, opioid exposure was no longer sig-
nificantly associated with dsQTp following adjustment
for potential confounding factors. This suggests that older
age and number of exposures are predictive of dsQTp
regardless of drug class involved in overdose. Opioids
and benzodiazepines were the most common drug expo-
sures in this study and were frequently involved in poly-
drug exposures, raising the possibility that the association
we identified between greater number of exposures and
dsQTp may in part be due to benzodiazepines and opioids
slowing gut absorption. Optimal cutpoints for these two
variables based on ROC curve analysis were as follows:
age > 46 years and number of exposures > 3 drugs. Clini-
cians may consider serial QTc measurements and aggres-
sive management of overdose in patients above these
thresholds based on the potential for ACVE.

As noted above, previous literature has identified risk
factors for ACVE [6]. The present study has additionally
identified dsQTp as a potentially important risk factor for
ACVE. The identification of this novel risk factor for ACVE
may allow clinicians to better risk stratify and prognosticate
the clinical course of ED patients presenting with overdose.
Additionally, there is currently a lack of consensus regarding
the timing and approach of medical clearance of overdose
patients [18]. Based on the findings of this research, clini-
cians may find it useful to obtain a repeat ECG in the over-
dose patient population in order to aid in safe cardiovascular
medical clearance.

Use of antipsychotic medications has been shown to be a
risk factor for QTc prolongation [10]. Antipsychotic medi-
cations are frequently utilized in the ED setting to manage
patient agitation [19] and may have been used in the man-
agement of the patient population within the study cohort.
In order to determine if dsQTp in the study population was
iatrogenic due to ED administration of antipsychotics, we
performed a sensitivity analysis to determine the association
between ED antipsychotic administration and dsQTp. We
found that other than quetiapine, antipsychotic administra-
tion was not associated with dsQTp. Our sensitivity analysis
largely confirmed that dsQTp was related to the initial over-
dose and was not a result of iatrogenic drug administration.

Future studies with performance of routine, protocolized
serial ECGs for the purpose of repeat QTc measurement are
needed to validate findings from the present study. These
studies should utilize a fixed time interval between the initial
and repeat ECG as this will remove time to QTc prolonga-
tion as a potential confounder and will improve interpret-
ability of findings. Future studies with a larger and broader
patient population will also permit generalizing to a larger
population and allow for greater elucidation of the role of
specific substances in development of dsQTp. Future studies
should obtain initial and repeat serum electrolyte levels to
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elucidate the association between various serum electrolytes
and dsQTp, as this was not performed in the present study.

Limitations

Limitations of the present study warrant some consideration
in the interpretation of our results. First, while our findings
establish an association between dsQTp and ACVE, this
association does not necessarily amount to causation, and
results should be interpreted as such. Further, 341 patients
in the cohort did not have a repeat ECG obtained (some
of which may have been due to discharge prior to repeat
ECG—e.g., simple opioid overdoses), since this was not
protocolized. Thus, the true number of patients with dsQTp
is likely much larger than what is reflected within the study
cohort. Additionally, it is possible that those patients who
had a repeat ECG obtained generally had more severe over-
doses or had already been triaged to closely monitored units
such as ICUs; however, we were unable to adjust for this
in our analysis given the lack of a validated measure for
overdose severity. Further, our study methodology was such
that any repeat ECGs performed were not added to the study
database if normal. Therefore, our control group could not
be narrowed to include only patients with a normal repeat
ECG. These limitations may have introduced selection
bias. Because we did not collect data on the total number
of ED visits over the study period, we do not know the pre-
cise proportion of total ED visits represented by our study
cohort. We also did not have data on whether patients were
symptomatic from the presenting overdose at the time of
dsQTp as the data collection instrument did not collect this
information.

We additionally did not have serum electrolyte measure-
ments at the time of the repeat ECG for all included patients
as serum electrolyte measurement was also not protocolized
and serial electrolytes are not routinely obtained as standard
clinical practice. We thus did not have serum magnesium
levels at the time of dsQTp, and this was not included in our
analyses. Accordingly, it is possible that serum potassium,
magnesium, or other electrolytes mediated the development
of dsQTp. While our study identified strong associations
between dsQTp and ACVE, we had wide confidence inter-
vals because only a small number of patients were in the
dsQTp group. Finally, the present study relied on patient
self-report with regard to exposures, and serum drug con-
centrations were not obtained. Standard toxicologic screens
and APAP levels were sent as necessitated by routine care
and were not a formal component of the study protocol.
However, this is reflective of real-world clinical practice
and, accordingly, makes the present study findings more
generalizable.

@ Springer

Conclusions

In conclusion, in this large secondary data analysis of ED
patients with acute drug overdose, dsQTp was a significant
risk factor for in-hospital occurrence of ACVE. Future study
is warranted to determine if serial ECGs add value to the
evaluation of specific high-risk overdose patients, especially
those with polydrug overdose or older age. Further study is
also needed to validate the utility of dsQTp as a risk factor
in this patient population, as it may warrant more aggressive
and early interventions to prevent ACVE.
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Supplementary Figure B Title: Receiver Operating Characteristic Curve for Number of Exposures
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