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ABSTRACT

Objective: The QRS complex duration is commonly used to prognosticate severity, predict outcomes,
and indicate treatment in overdose. However, literature to support this practice is mixed in tricyclic
antidepressant overdoses and absent in non-tricyclic antidepressant overdoses. Our objective was to
assess the validity of QRS complex duration as a prognostic marker in overdose.

Methods: This was a secondary analysis of cases reported to the Toxicology Investigators Consortium
between January 1, 2010, and December 31, 2022. Cases were assessed to determine the six xenobiot-
ics most associated with QRS complex prolongation. All cases involving these six xenobiotics, regard-
less of QRS complex duration, constituted the study cohort. Inclusion criteria were cases of patients
older than 12 years old with single-xenobiotic exposures. Clinical outcomes evaluated were seizure,
ventricular dysrhythmia, metabolic acidosis, and death.

Results: Of 94,939 total cases, diphenhydramine, amitriptyline, bupropion, quetiapine, nortriptyline, and
cocaine were most associated with QRS complex prolongation. Inclusion criteria were met by 4,655
cases of exposure to these xenobiotics. QRS complex prolongation was associated with increased odds
ratio of seizure in all included xenobiotics, of ventricular dysrhythmia in all included xenobiotics except
nortriptyline, and of metabolic acidosis or death in all included xenobiotics except nortriptyline and
quetiapine. A normal QRS complex duration had a negative predictive value of greater than or equal
to 93.0 percent of developing metabolic acidosis and 98.0 percent of developing a ventricular dysrhyth-
mia or death from the xenobiotics studied.

Discussion: This study demonstrates that patients with QRS complex prolongation from all six xenobi-
otics studied had an increased prevalence and odds of developing severe outcomes. Furthermore,
patients who did not develop QRS complex prolongation were unlikely to develop a ventricular dys-
rhythmia, metabolic acidosis, or death. These findings were noted in six xenobiotics that mechanistic-
ally can cause QRS complex prolongation through sodium channel or gap junction inhibition.
Conclusion: Identification of patients at risk for severe outcomes after overdose can be aided by
measuring the QRS complex duration. If prospectively validated, these outcomes have implications on
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risk stratification, disposition level of care, and appropriateness of treatments.

Introduction

Early identification of patients at risk of severe toxicity after
overdose has widespread implications for clinical manage-
ment. Given the prevalence and mortality of tricyclic anti-
depressant overdoses in the second half of the twentieth
century, numerous studies sought to identify early markers
of severe tricyclic antidepressant toxicity. Multiple studies
demonstrate that the sodium channel blocking effects of tri-
cyclic antidepressant toxicity slows phase 0 depolarization of
the cardiac action potential through impaired His-Purkinje
and myocardial conduction velocity leading to QRS complex
prolongation [1-4]. The QRS complex duration was proposed
by Boehnert et al. [5] as a means of prognosticating the clin-
ical course for these patients. Their study demonstrated that
patients with a maximum limb lead QRS complex duration of
100 milliseconds (ms) or greater were at increased risk of

seizures, while only patients with a QRS complex duration of
160 ms or greater were at risk of ventricular dysrhythmias [5].
Several follow-up studies supported the prognostic ability of
QRS complex duration in tricyclic antidepressant toxicity
[6,7]. In a canine model, increased amitriptyline concentra-
tions lead to QRS complex prolongation, and a QRS complex
greater than 110ms was associated with ventricular dys-
rhythmias [6]. In a retrospective analysis of patients with tri-
cyclic antidepressant ingestions, a QRS complex duration
greater than 100 ms was one of the multiple markers found
to have an elevated odds ratio of major toxicity [7].

However, other studies have questioned the prognostic abil-
ity of the QRS complex duration in tricyclic antidepressant over-
dose, and literature to support this practice in non-tricyclic
xenobiotics is nearly nonexistent [8-11]. In the years following
the publication by Boehnert et al. [5] multiple studies displayed
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an inconsistent association between QRS complex duration and
severe outcomes such as ventricular dysrhythmias, seizures, and
death [8-10]. A 2004 meta-analysis of 18 studies by Bailey et al.
[11] reported that the sensitivity and specificity of a QRS com-
plex duration greater than 100 ms for seizures, ventricular dys-
rhythmias, and death ranged from 46% to 81%. While they
concluded that electrocardiogram (ECG) findings poorly pre-
dicted complications after tricyclic antidepressant overdose,
they acknowledged that “anecdotal clinical experience suggests
that the ECG is a far better prognostic test than that indicated
by the results” [11]. There are multiple possible explanations for
this conclusion. This includes the time-dependent relationship
between overdose and ECG, which was inconsistent between
studies, and the use of alternate QRS complex duration thresh-
olds other than 100 ms.

Despite these mixed results, QRS complex duration is
commonly used to prognosticate severity, predict severe out-
comes, inform level of care decisions, and as an indication
for hypertonic sodium bicarbonate therapy in tricyclic anti-
depressant overdoses [12]. The mechanistic justification for
this practice stems from the known inhibition of tricyclic
antidepressants for voltage-sensitive sodium channels in the
heart, which leads to QRS complex prolongation as well as
the potential to change the morphology of the R wave in
lead aVR, alter the axis of the terminal 40 ms frontal QRS
complex plane, produce a right bundle branch block-like pat-
tern, or unmask a Brugada pattern [13-18]. Through this
same mechanism, the use of QRS complex duration to pre-
dict clinical outcomes and guide management is commonly
extrapolated to non-tricyclic sodium channel blocking xeno-
biotics. Literature to support this practice in non-tricyclic
xenobiotics is exceptionally sparse for several xenobiotics
and nonexistent for most [19-21]. This is despite the preva-
lence and potential severity of non-tricyclic sodium channel
blocking xenobiotics. For example, diphenhydramine, which
is a known sodium channel blocker, had the second most
medical outcomes of moderate, major, or death in the 2022
National Poison Data System Annual Report after paraceta-
mol (acetaminophen) [22,23]. Therefore, research is needed
to guide whether the practices of prognostication based on
QRS complex duration should be used in tricyclic antidepres-
sant or non-tricyclic xenobiotic ingestions.

We hypothesized that QRS complex prolongation is asso-
ciated with severe clinical features in overdose on tricyclic
antidepressant and non-tricyclic xenobiotics with sodium
channel-blocking properties. The first objective was to deter-
mine if patients with QRS complex prolongation were at
increased risk of severe clinical features compared to patients
without QRS complex prolongation after tricyclic antidepres-
sant and non-tricyclic xenobiotic overdoses. The second out-
come was to determine how well QRS complex prolongation
performs in predicting severe clinical features.

Methods
Study design and setting

This was a secondary analysis of cases reported to the
Toxicology Investigators Consortium (ToxIC) Core Registry.

The ToxIC Core Registry is a database of patient cases that
received medical toxicology consultation at approximately 50
participating sites in the United States and internationally
[24]. This data source collects de-identified data. This project
was exempt from review by our Institutional Review Board
and was approved by the ToxIC research committee. De-
identified case data was provided on standardized spread-
sheets (Microsoft Excel 2022, version 16.70).

Patient population

We studied all cases of QRS complex prolongation in the ToxIC
Core Registry, regardless of the xenobiotic, reported between
January 1, 2010, and December 31, 2022. These cases were
analyzed to obtain the six most frequent single-xenobiotic
exposures associated with QRS complex prolongation (Figure
1). Cases of xenobiotic withdrawal were not included.

All cases involving one of the six most commonly associ-
ated xenobiotics, regardless of the QRS complex duration,
constituted our study cohort. The inclusion criteria were
patients older than 12years of age with single-xenobiotic
exposures to one of these six xenobiotics. All routes of
exposure were included. Patients 12years old or younger or
without a specified age were excluded to minimize explora-
tory exposures. Multiple-xenobiotic exposures were excluded
to minimize confounding.

Variables

The clinical outcomes evaluated were seizure, ventricular dys-
rhythmia, metabolic acidosis, and death. These clinical out-
comes were chosen as markers of severe toxicity due to their
clinical importance and based on their utilization in prior stud-
ies evaluating the role of QRS complex duration in overdose
[5,8,19]. Variables were defined based on the ToxIC Core
Registry documentation criteria including QRS complex pro-
longation as greater than 120ms and metabolic acidosis as a
pH of less than 7.2 that is metabolic in nature. The ToxIC Core
Registry does not specify a standard QRS complex duration
measurement method. Therefore, QRS complex duration
measurements may be manual or computer-generated
depending on the treating provider’s discretion.

Analysis

Statistical analyses were performed using odds ratios, posi-
tive predictive value (PPV), and negative predictive value
(NPV) calculations. Odds ratios (OR) were calculated using
contingency analysis of categorical variables. Statistical sig-
nificance was defined using 95% confidence intervals (Cl).
Predictive values were chosen as the appropriate statistical
measurement to assess whether QRS complex duration could
stratify patients for developing clinical outcomes. The JMP®
Pro 16.0.0 statistical software was used for analyses.

Results
Characteristics of study subjects

During the study period, there were 94,939 total cases reported
to the ToxIC Core Registry (Figure 1). QRS complex



First data request -
all ToxIC Core
Registry cases:

n=94,939

Excluded for no
QRS prolongation:
n =93,549

Patients with
QRS prolongation:
n=1,390

Excluded for
multiple-xenobiotic
exposures:
n=590

Single-xenobiotic
exposures:
n =800

Most common
xenobiotics: n =253
Diphenhydramine: n = 75
Amitriptyline: n = 67
Bupropion: n =41
Quetiapine: n = 27
Nortriptyline: n = 23
Cocaine: n =20

Excluded for less
common or
unknown xenobiotic:
n=547

econd data request -
all ToxIC Core Registry
cases involving the
six most common
xenobiotics:
n=13,868

Excluded for
multiple-xenobiotic
exposures:
n=8,677

Single-xenobiotic
exposures:
n=5,191

Excluded for
unknown age:
n=>52

Excluded for age
<12 years old:
n=484

Patients > 12 years old:
n=4,655

Figure 1. Flow diagram for patients included in the study.

prolongation occurred in 1,390 (1.5%) of these cases; 800 sin-
gle-xenobiotic exposures and 590 multiple-xenobiotic expo-
sures. The most frequent single-xenobiotic exposures associated
with a prolonged QRS complex duration were diphenhydra-
mine (n=75), amitriptyline (n = 67), bupropion (n =41), quetia-
pine (n = 27), nortriptyline (n=23), and cocaine (n = 20).

There were 13,868 total cases of exposure to diphen-
hydramine, amitriptyline, bupropion, quetiapine, nortriptyline,
or cocaine during the study period. This included 5,191 sin-
gle-xenobiotic exposures, which were included, and 8,677
multiple-xenobiotic exposure, which were excluded. Cases
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were then excluded for patients 12years old or younger
(n=484) or without a specified age (n=>52). The inclusion
criteria were met by 4,655 cases, which formed our study
cohort.

The demographics of these patients are shown in Table 1.
The median, interquartile range, and range of ages are
reported due to the non-normally distributed age of the
patient population. The route of exposure was known in
3,515 (75.5%) cases. For cases with a known exposure route,
oral was the most common route (n= 3,299, 93.9%) and was
more common than all non-oral routes combined (n=216,
6.1%). Most non-oral exposures were exposure to cocaine
(n=180, 83.3%). This included 83 inhalational cases, 74 intra-
nasal cases, 19 parenteral cases, 3 rectal cases, and 1 other
exposure case, which were 30.3%, 27.0%, 6.9%, 1.1%, and
0.4% of the overall cocaine cases with a known exposure
route, respectively.

Main results

Comparative analyses between patients with normal and pro-
longed QRS complex durations for each xenobiotic are shown
in Tables 2-5. There were increased overall rates of seizure,
ventricular dysrhythmia, metabolic acidosis, and death in
patients with QRS complex prolongation compared to patients
with normal QRS complex duration for all xenobiotics, except
for metabolic acidosis and death in quetiapine exposures.
Additionally, QRS complex prolongation was associated with
increased odds of seizure in all included xenobiotics, of ven-
tricular dysrhythmias in all included xenobiotics except nor-
triptyline, and of metabolic acidosis or death in all included
xenobiotics except nortriptyline and quetiapine (Figure 2).

The predictive value of QRS complex duration is also
shown in Tables 2-5. The PPV of QRS complex prolongation
for these clinical outcomes was generally low for the six
xenobiotics, although the exact values varied by outcome
and xenobiotic. The NPV of a normal QRS complex duration
was strongest in predicting the absence of ventricular dys-
rhythmias, metabolic acidosis, and death. A normal QRS com-
plex duration had a NPV of 93.0% or greater that patients
did not develop metabolic acidosis and 98.0% or greater
that patients did not develop ventricular dysrhythmia or
death from all xenobiotics.

Discussion

The role of QRS complex prolongation in predicting severe
toxicity in overdose has implications for the management
and disposition of the poisoned patient. These results sug-
gest that patients with a prolonged QRS complex duration
have increased odds of seizure, metabolic acidosis, ventricu-
lar dysrhythmias, and death for these xenobiotics with few
exceptions. These exceptions are potentially due to low inci-
dence rates of certain outcomes for certain xenobiotics. For
instance, none of the 26 patients with a prolonged QRS com-
plex duration after quetiapine exposure developed metabolic
acidosis or death, which led to a lower rate of these outcomes
than in patients with a normal QRS complex duration.
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Furthermore, patients with a prolonged QRS complex duration
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Table 2. Statistical analyses for patients with normal and prolonged QRS complex durations for developing seizures.

0dds ratio of a seizure

with a prolonged QRS Positive predictive value Negative predictive

Seizures/total cases with Seizures/total cases with compared to a normal of a prolonged QRS for value of a normal QRS

a prolonged QRS a normal QRS QRS (95% Cl) a seizure (95% Cl) for a seizure (95% Cl)

Diphenhydramine 23/75 (30.7%) 173/1504 (11.5%) 3 4(20-57) 30.7% (21.7 — 41.4%) 88.5% (88.0 — 89.0%)
Bupropion 24/39 (61.5%) 358/951 (37.6%) 7 (14-5.1) 61.5% (46.0 —75.1%) 62.4% (61.7 —63.0%)
Amitriptyline 16/66 (24.2%) 30/431 (7.0%) 3(22-84) 24.3% (16.6 — 34.0%) 93.0% (91.5 — 94.3%)
Nortriptyline 9/20 (45.0%) 7/38 (18.4%) 6 (1.1—-12.1) 45.0% (29.6 —61.4%) 81.6% (71.2 — 88.8%)
Quetiapine 4/26 (15.4%) 34/926 (3.7%) 4 8 (1.6 —14.6) 15.4% (6.2 — 33.4%) 96.3% (95.9 — 96.7%)
Cocaine 6/19 (31.6%) 34/560 (6.1%) 1 (2.6 —20.0) 31.6% (15.6 — 53.5%) 93.9% (93.1 — 94.6%)

Cl: confidence interval.

Table 3. Statistical analyses for patients with normal and prolonged QRS complex durations for developing ventricular dysrhythmias.

QOdds ratio of ventricular

dysrhythmias with a Positive predictive value Negative predictive
Ventricular Ventricular prolonged QRS of a prolonged QRS for value of a normal QRS
dysrhythmias/total cases  dysrhythmias/total cases compared to normal ventricular dysrhythmias for ventricular
with a prolonged QRS with a normal QRS QRS (95% Cl) (95% Cl) dysrhythmias (95% Cl)
Diphenhydramine 12/75 (16.0%) 9/1504 (0.6%) 31 6 (129-77.8) 16.0% (10.9 — 22.9%) 99.4% (99.0 — 99.6%)
Bupropion 2/39 (5.1%) 6/951 (0.6%) 5 (1.7 —43.6) 5.1% (1.5 —15.8%) 99.4% (99.1 — 99.6%)
Amitriptyline 12/66 (18.2%) 5/431 (1.2%) 18 9 (6.4 —55.8) 18.2% (13.0 — 24.8%) 98.8% (97.6 — 99.4%)
Nortriptyline 2/20 (10.0%) 0/38 (0.0%) Infinity (Incalculable) 10.0% (7.1 — 14.0%) 100.0% (90.8 — 100.0%)
Quetiapine 1/26 (3.9%) 2/926 (0.2%) 18.5 (1.6 — 210.6) 3.9% (0.8 —17.2%) 99.8% (99.5 — 99.9%)
Cocaine 4/19 (21.1%) 11/560 (2.0%) 13.3 (3.8 —46.6) 21.1% (9.1 — 41.5%) 98.0% (97.4 — 98.6%)

Cl: confidence interval.

Table 4. Statistical analyses for patients with normal and prolonged QRS complex durations for developing metabolic acidosis.

QOdds ratio of a

metabolic acidosis with Positive predictive value Negative predictive
Metabolic acidosis/total Metabolic acidosis/total a prolonged QRS of a prolonged QRS for value of a normal QRS
cases with a cases with a compared to a normal a metabolic acidosis for a metabolic acidosis
prolonged QRS normal QRS QRS (95% Cl) (95% Cl) (95% Cl)
Diphenhydramine 14/75 (18.7%) 24/1504 (1.6%) 14.1 (7.0—-28.7) 18.7% (12.4 —27.1%) 98.4% (98.0 — 98.7%)
Bupropion 5/39 (12.8%) 23/951 (2.4%) 5.9 (2.1-16.6) 12.8% (5.9 — 25.8%) 97.6% (97.1 — 98.0%)
Amitriptyline 7/66 (10.6%) 12/431 (2.8%) 4.1 (1.6—10.9) 10.6% (5.9 — 18.3%) 97.2% (96.1 — 98.0%)
Nortriptyline 1/20 (5.0%) 0/38 (0.0%) Infinity (Incalculable) 5.0% (3.5—7.1%) 100.0% (90.8 — 100.0%)
Quetiapine 0/26 (0.0%) 11/926 (1.2%) 0 (0 - Undefined) 0.0% (0.0 — 100.0%) 98.8% (98.8 — 98.8%)
Cocaine 5/19 (21.1%) 36/560 (6.4%) 52 (1.8-15.2) 26.3% (11.9 —48.5%) 93.6% (92.8 —94.2%)

Cl: confidence interval.

Table 5. Statistical analyses for patients with normal and prolonged QRS interval durations for deaths.

0dds ratio of death

with a prolonged QRS Positive predictive value Negative predictive
Deaths/total cases with Deaths/total cases with compared to a normal of a prolonged QRS for value of a normal QRS
a prolonged QRS a normal QRS QRS (95% Cl) death (95% Cl) for death (95% Cl)
Diphenhydramine 5/75 (6.7%) 8/1504 (0.5%) 134 (43-41.9) 6.7% (3.3 —12.9%) 99.5% (99.2 — 99.7%)
Bupropion 4/39 (10.3%) 3/951 (0.3%) 36.1 (7.8 —167.5) 10.3% (5.3 — 19.0%) 99.7% (99.3 — 99.9%)
Amitriptyline 4/66 (6.1%) 1/430 (0.2%) 27.7 (3.1-252.2) 6.1% (3.8 —9.6%) 99.8% (98.7 — 100.0%)
Nortriptyline 1/20 (5.0%) 0/38 (0.0%) Infinity (Incalculable) 5.0% (3.5—7.1%) 100.0% (90.8 — 100.0%)
Quetiapine 0/26 (0.0%) 6/926 (0.7%) 0 (0 - Undefined) 0.0% (0.0 —100.0%) 99.4% (99.4 — 99.4%)
Cocaine 2/19 (10.5%) 11/560 (2.0%) 5.9 (1.2-28.6) 10.5% (2.9 —31.4%) 98.0% (97.5 — 98.4%

Cl: confidence interval.

year 20 [32]. Furthermore, the inclusion of patients with a
baseline QRS complex duration of greater than 120ms in
our analysis would likely bias the results toward the null
hypothesis, thereby strengthening the positive conclusions
of this study.

Ultimately, QRS complex prolongation in these six xenobi-
otics is predictive of severe toxicity. The QRS complex pro-
longation is the electrocardiographic representation of the
sodium channel blockade and gap junction inhibition that
occurs with these xenobiotics. The sodium channel blockade
and gap junction inhibition may directly predispose patients
to ventricular dysrhythmias. The causes of seizures and

metabolic acidosis are multifactorial and partially driven by
other mechanisms not related to the QRS complex. However,
we demonstrated that the QRS complex prolongation is still
predictive of these outcomes, likely because it is a marker of
greater xenobiotic toxicity in the patient.

Limitations

There are limitations to this study. First, documentation was
based on history, not on laboratory confirmation. Second, the
ToxIC Core Registry is limited by the documentation of treat-
ing medical toxicologists. The ToxIC quality assurance process



6 M. SIMON ET AL.

300

200

ouds
Ratios

100

50

34743
0 i g
Seizures

M Diphenhydramine  ® Bupropion

Ventricular dysrhythmias

B Amitriptyline

294.7

36.1
149 185 :
336 ?[8 ?[1 815 + S 133 ii;;:%f :Ii * * ETZ L .4|II III * % !49

Metabolic acidosis Death

Nortriptyline Quetiapine Cocaine

Figure 2. Odds ratios for clinical outcomes in patients with prolonged QRS complex compared to a normal QRS complex duration. Columns with no bar and an
asterisk (*) signify an odds ratio where the 95% confidence interval did not show a significant difference in outcomes between patients with a prolonged com-
pared to normal QRS complex duration. The error bars display the 95% confidence interval for each odds ratio, which may also be seen in Tables 2-5.

does not verify ToxIC entries with patients’ medical records
and undetected errors in data entry might occur. Despite this,
there is no reason to believe that there were categorical dif-
ferences in the histories or data entry between patients with
normal and prolonged QRS complex duration. Third, this study
utilized QRS complex prolongation on any ECG as a positive
finding, but did not associate it with any timeframe.
Additionally, the ToxIC database does not specify the method
of QRS complex duration measurement and leaves this inter-
pretation to the entering provider. Fourth, all exposure routes
were included in this study. We chose to include all exposure
routes instead of just oral exposures due to the different pat-
terns of use between xenobiotics. In this study, 93.9% of cases
with a known exposure route were oral exposures, although
the proportion of oral exposures was lower for cocaine
(34.3%). However, this is reflective of a different pattern of
cocaine exposures compared to the other xenobiotics studied.
Fifth, ToxIC data methodologically represents only a subset of
all overdoses that the primary team sought medical toxicology
consultation, typically due to case severity or complexity. We
expect that this only strengthens the conclusion because even
in a population with high rates of severe outcomes, QRS com-
plex prolongation was still largely predictive. Sixth, this study
only looks at the six xenobiotics most frequently reported to
have QRS complex prolongation in a national database. All
these xenobiotics act through a mechanism that could lead to
QRS complex prolongation. Therefore, the potential generaliz-
ability of this study pertains only to xenobiotics that mechan-
istically function like these six xenobiotics. Further study is
needed to prospectively validate the prognostic value of QRS
complex prolongation and to determine if QRS complex pro-
longation has prognostic value in xenobiotics without a mech-
anism for QRS complex prolongation.

Conclusions

In summary, the identification of patients at risk of severe clin-
ical outcomes in overdose can be aided by evaluating the QRS
complex duration on electrocardiography. Patients with QRS
complex prolongation from these xenobiotics had an increased
prevalence and odds of developing severe clinical outcomes.
Furthermore, patients who did not develop QRS complex pro-
longation were unlikely to develop ventricular dysrhythmias,
metabolic acidosis, or death. If prospectively validated, these
outcomes have implications on risk stratification, disposition
level of care, and appropriateness of treatments.

Meetings

This work was presented as a poster presentation at the
North American Congress of Clinical Toxicology in Montreal,
Quebec, Canada on 30 September 2023.
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