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Abstract
Background Sodium bicarbonate therapy (SBT) is currently indicated for the management of a variety of acute drug poisonings.
However, SBT effects on serum potassium concentrationsmay lead to delayed QTc prolongation (DQTP), and subsequent risk of
adverse cardiovascular events (ACVE), including death. Emergency department (ED)–based studies evaluating associations
between SBT and ACVE are limited; thus, we aimed to investigate the association between antidotal SBT, ECG changes, and
ACVE.
Methods This was a secondary data analysis of a consecutive cohort of ED patients with acute drug overdose over 3 years.
Demographic and clinical data as well as SBT bolus dosage and infusion duration were collected, and outcomes were compared
with an unmatched consecutive cohort of patients with potential indications for SBT but who did not receive SBT. The primary
outcome was the occurrence of ACVE, and secondary outcomes were delayed QTc (Bazett) prolongation (DQTP), and death.
Propensity score and multivariable adjusted analyses were conducted to evaluate associations between adverse outcomes and
SBT administration. Planned subgroup analysis was performed for salicylates, wide QRS (> 100 ms), and acidosis (pH < 7.2).
Results Out of 2365 patients screened, 369 patients had potential indications for SBT, of whom 31 (8.4%) actually received SBT.
In adjusted analyses, SBT was found to be a significant predictor of ACVE (aOR 9.35, CI 3.6–24.1), DQTP (aOR 126.7, CI 9.8–
1646.2), and death (aOR 11.9, CI 2.4–58.9). Using a propensity score model, SBT administration was associated with ACVE
(OR 5.07, CI 1.8–14.0). Associations between SBT and ACVE were maintained in subgroup analyses of specific indications for
sodium channel blockade (OR 21.03, CI 7.16–61.77) and metabolic acidosis (OR: 6.42, 95% CI: 1.20, 34.19).
Conclusion In ED patients with acute drug overdose and potential indications for SBT, administration of SBT as part of routine
clinical care was an independent, dose-dependent, predictor of ACVE, DQTP, and death. This study was not designed to
determine whether the SBT or acute overdose itself was causative of ACVE; however, these data suggest that poisoned patients
receiving antidotal SBT require close cardiovascular monitoring.
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Background

Sodium bicarbonate therapy (SBT) is commonly used in the
management of a variety of drug overdoses, including those
from salicylates and tricyclic antidepressants (TCAs) [1–3].
SBT is also often administered to treat QRS widening and
acidosis [1, 4, 5]; SBT is additionally used frequently in con-
junction with other therapies in the context of cardiac arrest [1,
6]. Through its change to serum pH, SBT administration leads
to an intracellular shift of potassium [7, 8]. This acute reduc-
tion in serum potassium may lead to delayed QTc prolonga-
tion and thus increased risk for dysrhythmias as well as other
adverse cardiovascular events (ACVEs) [1, 7–10].

Currently, this potential risk from SBT is a theoretical con-
sideration and neither efficacy nor safety profiles of antidotal
therapy with SBT in humans have been described in the med-
ical toxicology literature. To date, the majority of evidence
supporting use of SBT in the use of multiple indications is
based on animal studies, case reports and consensus opinions
[1, 4, 7, 11]. Human studies supporting the use of SBT are
sparse, uncontrolled, and retrospective in design [12].
However, given the frequent use of SBT for a variety of indi-
cations and the continued morbidity and mortality associated
with poisonings [13, 14], investigation of adverse outcomes
associated with SBT is of paramount importance. The present
study aims to investigate two specific hypotheses: (1) there
will be a positive correlation between dose/duration of SBT
administration and the occurrence of delayed QTc prolonga-
tion, ACVE, and/or death and (2) patients given SBT for a
variety of indications, including salicylate overdose, TCA
overdose, widened QRS, acidosis, or cardiac arrest will have
higher rates of delayed QTc prolongation, ACVE, and death
when compared with patients with similar clinical presenta-
tions who did not receive SBT.

Methods

Study Design and Hospital Setting

This was a secondary data analysis of a prospective cohort
study of consecutive ED patients presenting to two academic,
urban tertiary care centers from March 1, 2015, to December
30, 2018. The ED at one site has annual patient volumes of
approximately 145,000 visits; the second site has approxi-
mately 106,000 ED visits annually. IRB approval was obtain-
ed with waiver of consent prior to data collection at the study
institutions.

Study Population

Consecutive ED patients over the age of 18 with acute over-
dose or poisoning, and potential indications for SBT, were

analyzed from an ongoing cohort which has previously been
described [9]. Briefly, ED patients with suspected acute drug
overdose were screened prospectively by trained research as-
sistants based on presenting chief complaint. Patients were
enrolled consecutively 24 h a day over the study period.
Exclusion criteria from the cohort were as follows: age under
18, an alternative diagnosis, non-drug exposure, dermal expo-
sure (due to the self-limiting nature of these exposures), chron-
ic toxicity, prisoner status, or missing data. Consecutive pa-
tients within the cohort who had indications for SBT (see
below for definitions) were identified for analysis in the pres-
ent study. Subsequently, administration of SBT as part of
routine clinical care was ascertained via chart review. Thus,
all patients in the present study had at least one potential indi-
cation for SBT, and analyses below compared those who re-
ceived SBT (SBT group) versus those who did not receive
SBT (control group).

SBT Indications

Indications for SBT in patients meeting study criteria were
defined as any one of the following four criteria: (A) salicylate
overdose, (B) sodium channel blockade, (C) severe metabolic
acidosis, and (D) overdose-related cardiac arrest. Salicylate
overdose (A) was defined as suspected acute salicylate over-
dose (from either aspirin [ASA] or any other salicylates) with
a positive serum salicylate concentration. Sodium channel
blockade (B) was defined using the surrogate of a widened
QRS interval (defined as QRS > 100 ms [15]) on any ECG
within 6 h of ED arrival. Severe metabolic acidosis (C) was
defined as serum pH less than 7.20 at any time, in the absence
of a seizure. Finally, overdose-related cardiac arrest was de-
fined as loss of pulses requiring CPR in any patient meeting
study criteria. For instances of overlap between indication
groups in subgroup analyses, patients with overlapping indi-
cations were included within analysis for each relevant
subgroup.

Data Collection

Data was abstracted from the medical chart by several trained
research assistants. 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 hypotheses.

Demographics, exposure information, toxin identification,
initial mental status, prior cardiovascular disease, toxicology
screen results, antidote administration, antidote dose and infu-
sion duration, and cardiac biomarker concentrations were ini-
tially collected. Enrolled subjects were then prospectively
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followed to hospital discharge for occurrence of the study
outcomes (below).

SBT Administration

SBT administration, as part of routine clinical care, was
ascertained via chart review by trained research assistants.
SBT infusion dose, total dose (bolus and infusion dose) as
well as duration were dichotomized based on what were de-
termined a priori to be clinically meaningful cutoff points by
consensus of the study investigators. SBT infusion dose was
dichotomized at a cutoff point of 140 mEq, total dose at a
cutoff of 280 mEq and infusion duration at a cutoff point of
12 h.

Study Outcomes

The primary study outcome, adverse cardiovascular events
(ACVE), was defined as the composite occurrence of any of
the following: myocardial injury (serum troponin elevation >
0.10 ng/mL), ventricular dysrhythmias (defined as ventricular
tachycardia (VT), ventricular fibrillation (VF) or Torsades des
Pointes (TdP), cardiac arrest (loss of pulse requiring CPR) and
shock (hypotension requiring administration of vasopressors).
This definition has been previously defined and validated [17,
18].

The secondary study outcomes were delayed QTc prolon-
gation (DQTP) and death. DQTP was defined as an initial
QTc < 500 ms in the ED combined with a subsequent ECG
in-hospital demonstrating QTc ≥ 500 ms. Based on prior lit-
erature [10], the computer-generated corrected QT interval
(Bazett’s corrected QTc, QT/√RR)was used as it has been
previously validated for this purpose. Death was defined as
the occurrence of all-cause in-hospital mortality.

Main Analysis

Descriptive statistics examining patient demographics and
clinical characteristics were calculated. Two sample t tests,
Mann-Whitney U tests, and chi-squared tests were employed
to compare demographic and clinical characteristics between
groups. Chi-squared test and Fischer’s exact test were used to
analyze differences in outcomes among groups by indication,
and to analyze differences in outcomes by SBT bolus dose and
infusion duration. Bolus dose and infusion duration were di-
chotomized by median values. We subsequently fit a multi-
variable logistic regression in order to assess SBT as a predic-
tor of outcomes. Relevant demographic and clinical covariates
including age, race, sex, number of ingestions, and clinical site
were selected a priori for inclusion in the model. Sample size
was determined a priori to ensure adequate power of the main
data analysis (i.e., to find an association between SBT and the
primary outcome in the dataset) ; assuming 10%

administration of SBT in those with potential indications
(based on clinical experience of the investigators), and 15%
occurrence of the primary outcome (based on prior literature)
[17], we calculated the need to enroll 300 patients (30 SBT,
270 control) to detect a 3-fold increased risk of the study
outcome in the SBT group with 95% power and 5% alpha.
Analyses were conducted using SAS University Edition v.9.4
(SAS Institute, Cary, NC) and SPSS v. 24 (IBM, Armonk,
NY).

Propensity Score Analysis

Propensity score analysis was utilized to control for varying
propensity to administer SBT based on each separate indica-
tion. First, a propensity score model was fitted using binary
logistic regression where the outcome was sodium bicarbon-
ate treatment with the following predictor variables: salicylate
overdose (indication A), sodium channel blockade (indication
B), severe metabolic acidosis (indication C), and overdose-
related cardiac arrest (indication D). In this analysis the gen-
erated propensity scores were used as a variable in a new
prediction model. Second, because there was no rationale to
believe the propensity score would predict the outcome line-
arly, propensity scores were divided into quartiles yielding a
four-category variable. Given the small number of observa-
tions in some categories, a binary variable was reconciled by
comparing the highest score category against the three other
categories combined. Third, a final prediction model was
fitted using binary logistic regression to model the composite
outcome (ACVE) as a function of treatment (SBT), the binary
propensity score variable, and additional covariates such as
age, sex, race, number of drugs, and site.

Subgroup Analyses for Each SBT Indication

Salicylate (indication A) subgroup analysis was performed to
assess for differences in the outcomes of interest for only those
with salicylate overdose. Those with salicylate overdose and a
second concurrent indication for SBT were excluded from
subgroup analysis. Fischer’s exact test was employed to ex-
amine unadjusted differences between those with salicylate
overdose who received SBT and those who did not. In order
to account for severity of overdose, we subsequently
employed stratified analysis, examining the outcomes of in-
terest based on serum salicylate concentration. Initial salicy-
late level was stratified into three groups based loosely on
current recommendations [3, 19]: serum concentration <
15 mg/dL (group 1), 15–29 mg/dL (group 2), and 30+ mg/
dL (group 3).

Subgroup analysis for sodium channel blockade (indication
B) was performed to compare differences in the occurrence of
the study outcomes among those with wide QRS. Fisher’s
exact test was employed to examine unadjusted differences
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in outcomes between those who received SBT vs. those who
did not. We subsequently conducted adjusted, stratified anal-
ysis to account for severity of QRS widening. QRS interval
was stratified into three groups based on prior literature [2, 4,
15, 20]: 100–114 ms (group 1), 115–129 ms (group 2), and ≥
130 ms (group 3).

Finally, subgroup analysis was performed for patients with
metabolic acidosis (indication C) as the indication for SBT.
Those with acidosis and a second, concurrent indication for
SBT were excluded from this subgroup. Fisher’s exact test
was employed to examine unadjusted differences in the oc-
currence of study outcomes among patients with acidosis who
received SBT and those who did not. In order to account for
the potential effect of severity of acidosis, we subsequently
employed stratified analysis into three groups based on prior
literature [5, 21]: pH < 7.0 (group 1), pH 7.0–7.1 (group 2),
and pH > 7.1 (group 3).

Due to small numbers of overdose-related cardiac arrest
(indication D), no stratified analysis was performed for this
subgroup.

Results

Enrollment and Demographics

Out of 2365 patients who were screened, and after application
of enrollment criteria, there were 31 SBT patients and 338
non-SBT patients for analysis. Enrollment with application
of inclusion/exclusion criteria is summarized in Fig. 1.
Patient demographics and clinical characteristics are summa-
rized in Table 1. The SBT and non-SBT groups were similar
in terms of clinical characteristics, aside from race/ethnicity,
pH and indication.

Main Outcomes

In univariate analysis for all patients, the SBT group had sig-
nificantly higher rates of ACVE (60.7% versus 12.4%,
p < 0.0001), DQTP (22.8% versus 1.48%, p < 0.0001), and
death (25% versus 2.1%, p < 0.0001). Among SBT patients,
median time to peak QTc was 21 h (IQR: 93) from ED arrival.
In the non-SBT group, median time to peak QTc was 33 h
(IQR: 67). The median time to peak QTc in those with DQTP
was 16.5 h (IQR 4.5, 35). Overall unadjusted outcomes and
breakdown of ACVE are summarized in Table 2 and Table 3
respectively.

Using multivariate logistic regression adjusting for age,
race, sex, number of ingestions, and clinical site, SBT was
found to be a significant predictor of ACVE (aOR 9.35, CI
3.63–24.11, p < 0.0001), DQTP (aOR 126.68, CI 9.75–
1646.17, p < 0.0001), and death (aOR 11.86, CI 2.39–58.92,
p = 0.003). The adjusted model is summarized in Table 2.

Propensity Score Analysis

The propensity score model demonstrated that SBT adminis-
tration was associated with a significantly higher likelihood of
ACVE (OR 5.07, CI 1.83–14.02). All components of the
model (including propensity scores and covariates) are sum-
marized in Table 4. In this model, the only other significant
association was age; each yearly increase in age contributed a
3.6% higher likelihood for ACVE (OR 1.036, CI 1.02–1.06).
The prediction model had a ROC area under the curve of 0.89.

Dose-Response Analysis

A total of 19 patients were placed on a bicarbonate infusion.
As infusion dosage and duration were dichotomized by medi-
an values, 9 patients were in the low infusion dosage and short
duration group while 10 patients were in the high infusion
dosage and long duration group. Thirteen patients were in
the low total dose group while 17 patients were in the high
total dose group. There was a significantly higher rate of
ACVE in the high infusion dose, high total dose, and long
duration groups (both p < 0.05). All patients in the high total
dose group (p = 0.0033) and the long duration group (p =
0.0031) experienced an ACVE; 81.82% of patients in the high

Patients screened for 

eligibility (n = 2365)

Exclusions (n=576)
Age < 18 (n=167)

Alternate diagnosis (n=61)

Chronic (n=12)

Dermal Exposure (n=33)

DNR (n=6)

Lacking Data (n=143)

Non-Drug Exposure 

(n=56)

Prisoner (n=97)

Other (n=1)

Patients 

treated with 

SBT (n=31)

Patients with 

indications for SBT 

but not given sodium 

bicarbonate (n=338)

Eligible Patients (n=1789)

No Indication for SBT 

(n=1420)

Included Patients 

(n=369)

Fig. 1 Study enrollment and inclusion/exclusion criteria. Summary of
study enrollment and patient inclusion/exclusion. SBT, sodium bicarbon-
ate therapy
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infusion dose group experienced an ACVE (p = 0.0055). The
full dose-response analysis is shown in Table 5.

Salicylate Subgroup Analysis

There was a total of 6 patients with salicylate overdose who
received SBT and 15 who did not. Among those receiving
SBT, 33.3% had ACVE (95% CI: 4.3%, 77.7%), and 33.3%
had DQTP (95% CI: 4.3%, 77.7%), compared with 0% for
both outcomes in the non-SBT group. There were no deaths in
either treatment group. However, the analysis was underpow-
ered to reach statistical significance (Table 6). Stratified

analysis was similarly underpowered to detect differences in
outcomes for any subgroup (Table 7).

Sodium Channel Blockade Subgroup Analysis

There was a total of 17 patients who received SBT versus 283
who did not. There was a significantly increased ACVE rate in
those receiving SBT (58.8%, 95%CI 32.9–81.6) compared
with those not receiving SBT (6.4%, CI 3.8–9.9) with over
20-fold increased odds of the primary outcome (OR 21.03, CI
7.16–61.77, p < 0.0001). There was also an over 40-fold in-
creased odds of DQTP in the SBT group (OR 43.2, CI 7.2–
257.9, p = 0.0001). Similarly, a statistically significant in-
crease in death was observed with 23.5% (95% CI: 6.8%,
49.9%) of SBT patients experiencing death compared with
0.36% (95% CI: 0%, 2.0%) of non-SBT patients
(p < 0.0001, OR: 86.15 95% CI: 8.98, 826.25). Results are
summarized in Table 6. Using stratified analysis, increased
odds of the primary and both secondary study outcomes
remained associated with SBT (see Table 7).

Metabolic Acidosis Subgroup Analysis

There was a total of 9 patients with acidosis who received SBT
versus 51 who did not. We identified a statistically significant
increase in the occurrence of ACVE among those receiving
SBT with 77.8% (95% CI: 40%, 97.2%) experiencing an
ACVE compared with 35.3% (95% CI: 22.4%, 49.9%) of
non-SBT patients (p = 0.027, OR: 6.42 95% CI: 1.20,
34.19). Among patients receiving SBT, 11.1% (95% CI:
0.3%, 48.2%) experienced DQPT compared with 3.9%
(95% CI: 0.5%, 13.5%) of non-SBT patients and 22.2%

Table 1 Patient demographics and clinical characteristics

SBT (N = 31) No SBT (N = 338)

Age

Mean (range) 44.4 (20–88 years) 43.5 (18–92 years)

Sex N (%)

Male 20 (64.52%) 247 (73.08%)

Race/ethnicity* N (%)

White 12 (38.71%) 108 (31.95%)

Black 1 (3.23%) 28 (8.28%)

Asian 3 (9.68%) 24 (7.10%)

Hispanic 5 (21.74%) 92 (31.83%)

Unknown 8 (25.81%) 27 (7.99%)

Indication for SBT N (%)

Indication A 6 (19.35%) 15 (4.44%)

Indication B 17 (54.84%) 283 (83.73%)

Indication C 9 (29.03%) 51 (15.09%)

Indication D 9 (29.03%) 16 (4.73%)

Number of ingestions (median) 2.00 2.00

pH (median)* 7.32 7.35

QRS (median) 112 ms 104 ms

*= p < 0.05

SBT sodium bicarbonate therapy

Indication A = salicylate overdose

Indication B =widened QRS (QRS ≥ 100 ms)

Indication C = acidosis (pH < 7.2)

Indication D = cardiac arrest

Table 2 Overall outcomes by
treatment group (unadjusted and
adjusted+ analyses)

SBT N (%) No SBT N (%) Unadjusted OR (95% CI) aOR (95% CI)

ACVE 18 (58.06%) 42 (11.38%) 9.76 (4.46, 21.35)* 9.35 (3.63, 24.11)*

DQTP 6 (20%) 5 (1.48%) 16.65 (1.03, 1.47)* 126.68 (9.75, 1646.17)*

Death 7 (22.58%) 7 (2.08%) 13.71 (4.44, 42.29)* 11.86 (2.39, 58.92)*

*= p < 0.05
+Model covariates: age, race, sex, number of ingestions and clinical site

SBT sodium bicarbonate therapy, ACVE adverse cardiovascular event, DQTP delayed QTc prolongation

Table 3 Adverse cardiovascular events

SBT N (%) No SBT N (%)

Shock 15 (48.39%) 12 (3.55%)

Myocardial injury 9 (29.03%) 30 (8.88%)

Arrhythmia 5 (16.13%) 3 (0.89%)

Cardiac arrest 9 (29.03%) 16 (4.73%)
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(95% CI: 2.8%, 60%) of SBT patients experienced death as
compared with 6% (95% CI: 1.3%, 16.5%) of non-SBT pa-
tients; these results were not statistically significant. Results
are presented in Table 6. The stratified analysis was under-
powered to detect significant differences in outcomes
(Table 7).

Discussion

The main finding in this analysis of ED patients with acute
drug overdose who had potential indications for SBT was that
administration of SBT was associated with a clinically signif-
icant and dose-dependent increased odds of ACVE, DQTP,
and death overall. When adjusting for potential demographic,
clinical confounders, and propensity scores, administration of

SBT remained an independent predictor of study outcomes.
This association was evident most strongly for two important
indications: sodium channel blockade and metabolic acidosis.
Conversely, the salicylate and cardiac arrest subgroup analy-
ses did not demonstrate any association with study outcomes.
Furthermore, because the study was not designed to determine
whether the SBT or acute overdose itself was causative of
ACVE, practitioners should weigh the potential risks of oc-
currence of cardiovascular events versus perceived clinical
antidotal benefit of SBT. Based on these results, a more
heightened caution to the approach to SBT may be warranted,
and poisoned patients receiving antidotal SBT should receive
close cardiovascular inpatient monitoring.

One of the more striking aspects of the present analysis is
the dose-response effect in the association between SBT and
outcomes (DQTP and ACVE). Indeed, dose-response is a key
consideration for determination of causality in clinical toxicol-
ogy investigations [22]. There was significantly increased
odds of adverse outcomes with higher dose and longer dura-
tion of therapy. The significant association between adverse
outcomes and both increased dose as well as longer duration
are suggestive of causation between SBT and ACVE although
this cannot be definitively demonstrated on the basis of the
present study’s findings.

There are a variety of mechanistic explanations for the
increased rate of ACVE across multiple indications for SBT
in this study. First, SBT has effects on acutely lowering serum
potassium concentrations [23] which may result in DQTP and
subsequent risk of dysrhythmia [9]. In addition, further side
effects of SBT include other electrolyte disturbances (such as
hypocalcemia or hypernatremia), progression of vascular cal-
cifications, rebound metabolic alkalosis, and potentially in-
creased lactate production [24]. Another potentially deleteri-
ous side effect is the generation of carbon dioxide from bicar-
bonate, which may lead to hypercapnia especially in patients
with acute drug overdose and impending respiratory failure
[25]. Another potential mechanism is decreased cardiac output
coupled with inability to compensate adequately via hyper-
ventilation effects on cardiac contractility [26]. The above
mechanistic concerns add credence to causation as the

Table 5 Adverse cardiovascular events by infusion dose and duration

Infusion duration Infusion dose Total dose (infusion + bolus)

Short (< 12 h)
%, 95% CI (N)

Long (> 12 h)
%, 95% CI (N)

Low (< 140 mEq)
%, 95% CI (N)

High (> 140 mEq)
%, 95% CI (N)

Low (< 280 mEq)
%, 95% CI (N)

High (> 280 mEq)
%, 95% CI (N)

25% CI: 5.5%,
57.2% (N = 3)

100%, CI: 59%,
100% (N = 7)

12.5%, CI: 0.3%,
52.7% (N = 1)

81.82%, CI: 48.2%,
97.7% (N = 9)

38.10%, CI:
18.1%, 61.6%

(N = 8)

100%, CI: 66.4%,
100% (N = 9)

p = 0.0031
OR: ∞

p = 0.0055
OR: 31.5 (2.35, 422.30)

p = 0.0033
OR: ∞

Table 4 Propensity score model of SBT as a predictor of ACVE

Clinical factor: aOR for ACVE: 95% CI:

SBT 5.07 1.83–14.03

Propensity quartile 0.05 0.02–0.12

Age* 1.04 1.02–1.06

Male sex 1.59 0.75–3.38

Race

White Reference Reference

Black 0.99 0.28–3.57

Hispanic/Latino 0.62 0.10–4.05

Asian 0.93 0.42–2.06

Other 0.39 0.11–1.33

Number Drugs* 1.04 0.84–1.29

Site†

ACVE adverse cardiovascular events, aOR adjusted odds ratio, CI 95%
confidence interval, SBT sodium bicarbonate therapy

Italic numbers indicate p < 0.01

*Odds ratios for age and number of drugs apply for each additional year
and each additional drug, respectively
†Odds for site use Mount Sinai Hospital for comparison
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explanation for the present study’s findings with respect to the
association between SBT and ACVE. Therefore, clinicians
should weigh the potential risks of adverse events from SBT
versus its potential clinical benefits.

When outcomes were analyzed specifically among those
with salicylate overdose (indication A), we did not identify
statistically significant differences in study outcomes; this
may be partly because our subgroup analysis was underpow-
ered to show significance. Thus, these results do not identify
conclusive evidence of harm in those with salicylate overdose
managed with SBT. Indeed, animal models demonstrate sub-
stantial benefits of SBT in salicylate poisoning [27, 28],
though human studies are limited. Thus, further randomized
trials with sufficient sample sizes are needed to better charac-
terize the nature of this association between SBT and ACVE
in salicylate-poisoned patients.

In the subgroup of those with sodium channel blockade
(indication B), the present study identified a clinically and
statistically significant association between SBT and the pri-
mary and secondary study outcomes in unadjusted analysis.
Following stratification by QRS width, there continued to be a
significant effect of SBT administration on the occurrence of
adverse outcomes for each stratum. Our results suggest that
the association between SBT and adverse outcomes among
those with widened QRS is independent of QRS duration.
However, it should be noted that this subgroup has perhaps
the highest risk of confounding, since severe sodium channel
blockade causes ACVE, especially shock, ventricular dys-
rhythmia, and cardiac arrest [15, 29, 30]. Therefore, the asso-
ciation between SBT and adverse events in the subgroup of
patients with sodium channel blockade should be interpreted
with extreme caution. Despite prior uncontrolled human stud-
ies suggesting benefit of SBT in patients with sodium channel
blockade due to tricyclic antidepressant overdose [12, 31], the
present data suggest that further studies are urgently needed to
ascertain the optimal indications, doses, and durations for SBT
in ED patients with overdose-related sodium channel
blockade.

For the subgroup of patients with metabolic acidosis (indi-
cation C), there was significantly increased occurrence of
ACVE in the SBT group compared with the control group;
however, statistically significant differences in DQTP and
death were not identified. Our results indicate a possible asso-
ciation between the occurrence of adverse events and SBT in
patients with acidosis but further studies with a larger sample
size are needed to better characterize this association and to
account for the impact of severity of acidosis.

We found increased rates of death among patients under-
going CPR who received SBT (indication D) when compared
with those not receiving SBT; these results did not reach sta-
tistical significance. However, the study sample size for pa-
tients undergoing CPR and receiving SBT was small limiting
the study’s power to detect a meaningful difference between

groups. These results should therefore not sway providers
from using bicarbonate for this patient population who un-
dergoes CPR.

Interestingly, we found that of patients with indications for
SBT, only a small proportion (8.4%) actually received SBT.
This may be due to a variety of reasons, some of which may
include the following: evolving practice patterns with regard
to routine administration of SBT for these clinical indications,
provider experience/preference, level/type of provider train-
ing, or the degree to which medical toxicology consultation
was involved with patient care. The small number of patients
who received SBT contributed to our study’s limited ability to
detect meaningful differences in various subgroup analyses
and may have added an element of bias, as those patients
who actually received SBT may have been more clinically
ill or otherwise systematically different from the population
with indications who did not receive SBT. Future studies ex-
ploring patient and provider/institution level reasons for SBT
administration in these patient populations is warranted.

Future randomized studies with larger numbers of patients
are warranted to further evaluate, validate and characterize the
association between SBT and ACVE. Studies at multiple geo-
graphic sites and at different care settings are also warranted to
improve generalizability. Additional studies examining the
impact of potassium administration on mitigating adverse out-
comes due to SBT are also warranted.

Limitations The present study has several important limita-
tions, most important of which is the observational, non-ran-
domized, nature of the study. There may be a significant com-
ponent of practice variation among clinicians which informed
administration of SBT for specific indications. The lack of
SBT randomization may have led to causal bias with respect
to overdose severity (i.e., the alternate explanation that the
overdose itself caused the ACVE); however, we performed
propensity score analysis to specifically address this limita-
tion, and our findings remained clinically and statistically sig-
nificant. The dose-response findings noted above may also be
complicated by this bias as patients with a more severe over-
dose may be more likely to receive a higher dose or longer
duration of SBT. Another limitation was small sample sizes
for each subgroup analysis, which decreased statistical power
to detect meaningful differences for some indications and did
not permit for extensive subgroup adjusted analysis. There
were also limitations with regard to inability to evaluate the
role of serial potassium concentrations on outcomes because
follow-up potassium concentrations were not routinely
collected—collection and analysis of serum potassium data
in association with SBT outcomes is a potential direction for
future studies. We additionally did not examine old ECGs to
compare the study QRS duration to baseline ECG data. The
majority of patients had multi-drug overdoses, which may
have further confounded the occurrence of adverse events.
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We additionally did not collect data on patient use of QTc
prolonging medications which may have contributed to de-
layed QTc prolongation [32]. Finally, the primary outcome
was ACVE, which may be less important than overall mortal-
ity; it is theoretically possible for a therapy to improve mor-
tality despite increasing rates of ACVE.

Conclusions

In ED patients with acute drug overdose and potential indica-
tions for sodium bicarbonate therapy (SBT), administration of
SBT as part of routine clinical care was an independent, dose-
dependent, predictor of ACVE, DQTP, and death. This study
was not designed to determine whether the SBT or the acute
overdose itself was causative of ACVE. However, emergency
practitioners should cautiously approach use of SBT for acute
drug overdose, particularly in the setting of sodium channel
blockade and severe metabolic acidosis. These data suggest
that poisoned patients receiving antidotal SBT require close
cardiovascular monitoring. Future, randomized studies are
needed to improve generalizability, validate these findings,
and better characterize SBT indications and regimens.
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