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ABSTRACT
Introduction: Propranolol is a beta-adrenoceptor blocking drug with sodium channel-blocking properties 
that can cause life-threatening toxicity in overdose. limited research defines dose thresholds of toxicity. 
We aimed to investigate propranolol overdose and dose thresholds for severe toxicity.
Material and methods: This is a prospective series of patients with acute propranolol overdose ≥360 mg 
from august 2014 to December 2023 enrolled through the australian TOxicology Monitoring (aTOM) 
collaboration. severe toxicity was defined as seizure, coma, inotrope therapy, electrocardiographic 
evidence of sodium channel blockade, or cardiac arrest.
Results:  There were 209 presentations in 165 patients (median age 30 years [range 15–80 years]; 117 
females, 71%). The median reported dose ingested was 1,000 mg (iQR: 600–2,000 mg; range 360–
16,000 mg). Co-ingestion occurred in 155 (74%) patients, most commonly involving benzodiazepines 
(n  =  52). Bradycardia (heart rate <50 beats/min) occurred in 41 (20%), and hypotension (systolic blood 
pressure <90 mmhg) in 88 (42%). severe toxicity occurred in 51 patients (24%), with 17 (8%) having a 
seizure and 29 (14%) developing coma. Forty-one (20%) received inotropes, including 31(15%) who 
were given epinephrine and 20 (10%) high-dose insulin. electrocardiographic evidence of sodium 
channel blockade occurred in 16 (8%). seven (3%) had a cardiac arrest (reported dose range 2,400–
16,000 mg), with two deaths following the ingestion of propranolol 4,000 mg and 16,000 mg. The median 
length of stay was 17 h (iQR: 11–32 h). in 79 patients who ingested only propranolol, the lowest reported 
propranolol dose for hypotension was 400 mg and for bradycardia, 800 mg. The lowest reported dose 
for severe toxicity was propranolol 2,000 mg. in those ingesting propranolol only, 17 of 32 (53%) patients 
who ingested ≥2,000 mg had severe toxicity.
Discussion:  severe toxicity was common, occurring in a quarter of all propranolol overdoses and half 
of the isolated propranolol ingestions (≥2,000 mg). The outcome was usually favourable with good 
supportive care, even in severe toxicity.
Conclusion:  The dose threshold for severe toxicity in isolated propranolol overdose appeared to be 
2,000 mg.

Introduction

Propranolol is a non-selective beta-adrenoceptor blocking 
drug with sodium channel blocking properties that can cause 
life-threatening toxicity in overdose. its membrane-stabilizing 
activity is associated with an increased risk of neurological and 
cardiovascular toxicity compared to other beta-adrenoceptor 
blocking drugs [1, 2]. severe toxicity is characterized by 
coma, seizure, cardiogenic shock and broad-complex dys-
rhythmias [3].

This heightened toxicity profile is particularly concerning 
as propranolol is a common beta-adrenoceptor blocking drug 

taken in overdose [1, 4]. in one large series of over 50,000 
exposures from america’s Poisons Centers® due to 
beta-adrenoceptor blocking drugs, propranolol was the most 
frequent, accounting for 44% of referrals [4]. Unlike other 
beta-adrenoceptor blocking drugs, propranolol has multiple 
indications outside of the cardiovascular setting. Propranolol 
is also used in the management of migraine, essential tremor, 
anxiety, and post-traumatic stress disorder [5]. These broad 
indications are likely an important driver of increasing pro-
pranolol prescriptions and overdose over the last two decades 
[6, 7]. Furthermore, patients prescribed propranolol for psy-
chiatric indications are more likely to take overdoses, so 
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increased availability in this group is problematic. Between 
2007 and 2017, annual propranolol prescriptions in the 
United Kingdom have risen by 41%, while the rate of pro-
pranolol overdose has increased by more than 200% [8].

There is limited research defining dose thresholds of tox-
icity following propranolol overdose. a small series of 28 
presentations that focussed on seizures found that six of 
the nine patients (66%) ingesting propranolol ≥2,000 mg 
had seizures compared to only two of 19 (11%) in the group 
ingesting <2,000 mg [1]. in a more recent series of 41 pre-
sentations [9] there appeared to be a threshold dose above 
which people became symptomatic. This study [9] could not 
comment on severe toxicity as it was limited by only three 
presentations having a poisoning severity score of 3 (severe 
toxicity).

We aimed to investigate propranolol overdose to better 
characterize its clinical features in overdose and attempt to 
define dose thresholds for severe toxicity.

Material and methods

Study design, setting and participants

This study is part of the multi-centre australian TOxicology 
Monitoring (aTOM) collaboration. We prospectively recruited 
patients from three participating clinical toxicology units 
(Princess alexandra hospital, Brisbane, Calvary Mater 
newcastle hospital and Prince of Wales hospital, sydney), as 
well as the Queensland and new south Wales Poisons 
information Centres. in australia, propranolol is only available 
through the Pharmaceutical Benefits scheme as an 
immediate-release preparation (10 mg and 40 mg). Both tab-
let sizes are dispensed in bottles containing 100 tablets. a 
slow-release preparation of 160 mg is available, but only as a 
private prescription with no government subsidy.

Patients who reported ingesting an acute overdose of 
greater than or equal to propranolol 360 mg during the 
period 1 august 2014 to 31 December 2023 were included in 
the study. This minimum dose was chosen as it is more than 
twice the defined daily dose of propranolol (160 mg). Patients 
<14 years of age or those in police or correctional service 
custody were excluded from enrolment.

Data collection

a preformatted data form (supplementary Figure 1) was 
completed prospectively by the treating clinician and emailed 
to the study team. Data were then abstracted from this data 
form by a single abstractor (CD), with patient medical records 
being used to supplement any data that were missing. a 
scanned copy of the electrocardiograph (eCG) in each case 
was interpreted by one of three clinical toxicologists in the 
study team (Ki, aC, Gi) to determine QRs complex duration 
and terminal R wave height. The treating clinician, data form 
abstractor and clinical toxicologists in the study team were 
not blinded to the aims of the study. in a subgroup of 
patients in whom serum was collected and stored for drug 
assays, a propranolol concentration was performed using a 
liquid chromatography-tandem mass spectrometer assay with 

a validated concentration range of 3 µg/l to 2,000 µg/l (full 
methods in supplementary Figure 2). no other blood con-
centrations were performed.

Data from all patients were collated on a Microsoft® excel 
datasheet detailing demographics (age, sex, propranolol pre-
scribed and, if so, the indication), exposure details (dose, time 
of ingestion, co-ingestions), clinical effects (heart rate, blood 
pressure, Glasgow Coma scale [GCs], dysrhythmia, seizure), 
investigations (eCG, blood gas analysis, propranolol concentra-
tion), treatment (activated charcoal, intravenous fluids, inotro-
pes [defined as inotrope, chronotrope or vasopressor therapy], 
intubation, electrical pacing, sodium bicarbonate, intravenous 
lipid emulsion), complications (acute kidney injury, aspiration, 
cardiac arrest), discharge location, and length of stay.

electrocardiographic evidence of sodium channel blockade 
was defined as being present if the QRs complex duration 
was ≥120 ms and a significant terminal R wave (>3mm tall or 
R:s > 0.7) was present. Given therapeutic beta-adrenoreceptor 
blockade may produce a heart rate <60 beats/min [10], we 
defined bradycardia as a heart rate <50 beats/min. 
hypotension was defined as a systolic blood pressure 
<90 mmhg. acute kidney injury was defined using the 2012 
Kidney Disease: improving Global Outcomes (KDiGO) guide-
line [11]. severe toxicity was defined as the occurrence of 
seizure, coma, inotrope therapy, sodium channel blockade, or 
cardiac arrest. We did not consider bradycardia or hypoten-
sion not receiving inotrope therapy to represent severe toxic-
ity, as patients improved with minimal intervention.

Analysis

Descriptive statistics were used with median, interquartile 
range (iQR), and ranges used to describe continuous data. 
The association between the dose of propranolol ingested 
and serum concentration was assessed with Pearson’s correla-
tion coefficient. Comparison of proportions between groups 
was performed using Fisher’s exact test, with 95% confidence 
intervals (95% Ci) around proportions calculated using the 
Wilson score interval. all analyses and figures were performed 
using GraphPad Prism for Mac Version 10.1.1.

Ethical considerations

all patients recruited to the australian TOxicology Monitoring 
(aTOM) collaboration provided consent to be included in the 
study. The australian TOxicology Monitoring (aTOM) collabo-
ration has ethical approval from the respective new south 
Wales and Queensland human Research and ethics 
Committees (hReC/12/POWh/165, hReC/14/QRCh/105). all 
three clinical toxicology units have ethical approval to include 
de-identified data from patient medical records in observa-
tional research (hReC/14/QPah/308, hReC/12/184: lnR/12/
POW/355, hReC/05/03/09/3.11).

Results

There were 209 presentations in 165 patients. There were 117 
females (71%) with a median age of 30 years (iQR: 23–44 years; 
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range 15–80 years; Table 1). The reported median dose 
ingested was 1,000 mg (iQR: 600–2,000 mg; range 360–
16,000 mg). all patients ingested the immediate-release prepa-
ration of propranolol. Co-ingestion occurred in 155 (74%) 

patients, most commonly involving benzodiazepines (52, 25%). 
Propranolol concentrations were available in 29 presentations. 
There was a moderately strong correlation between the dose 
of propranolol ingested and the peak serum concentration 
(r = 0.66; P <0.001; Figure 1). Vomiting following ingestions was 
documented in 21 (10%) presentations. activated charcoal 
was given in 74 (35%) presentations at a median of 2.1 h 
post-ingestion (iQR: 2.0–2.8 h; range 0.7–15.2 h). no patients 
received whole bowel irrigation. Bradycardia occurred in 41 
(20%) presentations, and hypotension in 88 (42%). 
Dysrhythmias, in addition to sinus bradycardia, were 
first-degree atrioventricular block in 45 (22%), a junctional 
rhythm in one patient and an idioventricular rhythm in one 
patient.

severe toxicity occurred in 51 patients (24%). seventeen 
patients (8%; reported dose range 1,000–16,000 mg) had a 
seizure. Coma occurred in 29 patients (14%; reported dose 
range 800–16,000 mg), and 16 of these also co-ingested 
sedating agents. inotropes were used in 41 (20%; reported 
dose range 480–16,000 mg) presentations, epinephrine in 31 
(15%) and high-dose insulin euglycaemic therapy in 20 (10%) 
patients. electrocardiographic evidence of sodium channel 
blockade occurred in 16 patients (8%; reported dose range 
2,400–16,000 mg). sodium bicarbonate was administered to 
28 (13%) patients with a median dose of 100 mmol (iQR: 
100–250 mmol; range 50–500 mmol). Most cases (11/16) had 
only a modestly prolonged QRs complex duration of 120 ms 
(Table 3). nine of these patients received sodium bicarbonate 
therapy with a median dose of 175 mmol (iQR: 100–225 mmol; 
range 50–400 mmol). There were five presentations with a 
more prolonged QRs complex duration ranging from 160 ms 

Table 1. Baseline characteristics of 209 propranolol overdose presentations.

Characteristic

Patients, n 165
 Female, n (%) 117 (71)
 Median age, years (range) 30 (15-80)
Representations, n 44
 Median number of representations, n 

(range)
1 (1-10)

 Prescribed propranolol, n (%) 139 (84)
indication for propranolol
 anxiety, n (%) 75 (36)
 Migraine, n (%) 24 (11)
 Tremor, n (%) 11 (5)
 other mental health indications,† n (%) 11 (5)
 Cardiovascular indication, n (%) 6 (3)
 Varices, n (%) 2 (1)
 Restless legs, n (%) 2 (1)
 Hyperthyroidism, n (%) 1 (<1)
 Sweating, n (%) 1 (<1)
 Unknown, n (%) 6 (3)
Reported co-ingestions n (%) 130 (62)
 Benzodiazepines, n (%) 52 (25)
 Ethanol, n (%) 50 (24)
 antipsychotics, n (%) 39 (19)
 over-the-counter analgesics, n (%) 27 (13)
 Selective serotonin reuptake inhibitor, n (%) 24 (11)
 Serotonin noradrenaline reuptake inhibitor, 

n (%)
16 (8)

 opioids, n (%) 16 (8)
 Cardiovascular drug, n (%) 1 (<1)
†other mental health indications include depression, bipolar affective disorder, 
insomnia, anorexia nervosa, alcohol use disorder, and post-traumatic stress 
disorder.

Figure 1. The association of peak propranolol concentration (µg/l) with reported dose ingested (mg) in 29 presentations where analytical sampling was per-
formed. Dotted lines indicate 95% confidence intervals of the slope.
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to 200 ms. all were associated with acidaemia (ph range: 
6.75–7.18) and received doses of sodium bicarbonate therapy 
ranging from 250–500 mmol (Table 2). Widening of the QRs 
complex was relatively short-lived, resolving within 8 h irre-
spective of whether sodium bicarbonate was given (Table 3; 
Figure 2). seven patients (3%; reported dose range 2,400–
16,000 mg) had a cardiac arrest. There were 46 intensive care 
unit admissions, and the median length of stay was 17 h (iQR: 
11–32 h). There were two deaths following ingestions of pro-
pranolol 4,000 mg and 16,000 mg.

The first, a 35-year-old woman, who was prescribed pro-
pranolol 80 mg twice daily for migraine, was found to be in 
cardiac arrest following the ingestion of propranolol 4,000 mg 
(100 tablets of 40 mg) with baclofen 1,000 mg, fluoxetine 
560 mg, temazepam 250 mg, paracetamol 5,000 mg and 
codeine 300 mg. she had a prolonged period of resuscitation 

in the pre-hospital setting, receiving epinephrine 10 mg and 
sodium bicarbonate 50 mmol prior to return of circulation 
after approximately 40 min. her initial eCG had a QRs com-
plex duration of 200 ms with evidence of sodium channel 
blockade (Figure 2). her haemodynamics improved rapidly 
over the next hour, but she later became unsupportable due 
to multi-organ failure consistent with a profound hypoxic 
insult, and she died on day 2. The serum propranolol concen-
tration in blood taken one hour following her cardiac arrest 
during the Coroner’s post-mortem was 11 mg/l (reference 
range 0.02–0.3 mg/l), while the baclofen concentration was 
9 mg/l (reference range 0.08–0.4 mg/l).

The second, a 64-year-old man weighing 110 kg, pre-
scribed propranolol 80 mg daily for anxiety, ingested pro-
pranolol 16,000 mg (400 tablets of 40 mg) with oxycodone 
modified-release 1,800 mg. he had stockpiled four bottles of 

Table 3. Features of propranolol overdose presentations with ECg evidence of sodium channel blockade (QRS complex duration ≥120 ms and terminal R wave 
≥3 mm or R:S ≥0.7) listed in decreasing order from presentation with longest QRS complex duration.

Reported ingested 
dose (mg) Seizure pH QRS complex duration (ms)

Terminal R wave 
height (mm) R:S ratio

Sodium bicarbonate 
dose given (mmol)

Hours post-ingestion of 
resolution†

16,000 no 7.18 200 3 3.0 500 ‡
4,000 no 7.18 200 6 3.0 500 8.3
3,560 yes ‡ 200 4 0.8 350 3.8
6,000 yes 6.76 180 6 1.5 250 2.6
2,400 yes 6.80 160 3 1.0 250 ‡
5,800 no 7.27 120 3 0.4 0 2.7
5,360 yes 7.25 120 3 0.4 0 5.5
4,000 no 7.29 120 3 0.8 50 2.1
4,000 yes 7.16 120 3 0.8 200 6.9
4,000 no 7.41 120 4 1.3 150 1.5
4,000 yes 7.47 120 2 1.0 400 5.0
4,000 yes 7.30 120 4 0.6 100 2.0
4,000 no 7.24 120 3 1.0 100 3.6
3,800 no 7.18 120 3 0.6 0 ‡
3,200 yes 7.10 120 6 1.2 200 3.4
2,800 no 7.26 120 3 1.0 300 ‡
†Time when first ECg was performed which did not demonstrate evidence of sodium channel blockade, ‡not available.

Table 2. Clinical features and treatment of propranolol overdose, including all 209 presentations and 79 isolated propranolol ingestions.

all propranolol presentations Propranolol only ingestions

(n = 209) (n = 79)

Reported median dose (iQR) [range] 1,000 mg (600–2,000 mg) [360–16,000 mg] 1,100 mg (700–2,600 mg) [360–5,360 mg]
Reported median number of tablets taken 

(interquartile range)
60 (30–97) 70 (40–92)

Clinical features
 Bradycardia (%) 41 (20) 12 (15)
 Hypotension (%) 88 (42) 32 (41)
 Seizure (%) 17 (8) 12 (15)
 Coma (%) 29 (14) 13 (16)
 ECg evidence of sodium channel blockade (%) 16 (8) 9 (11)
 Cardiac arrest (%) 7 (3) 4 (5)
 Death (%) 2 (1) 0
Treatment
 activated charcoal (%) 74 (35) 39 (49)
 Crystalloid (%) 75 (31) 52 (63)
 inotropes (%) 41 (20) 16 (20)
  Epinephrine (%) 31 (15) 14 (18)
  High-dose insulin euglycaemic therapy (%) 20 (10) 8 (10)
  norepinephrine (%) 14 (7) 5 (6)
  isoprenaline (%) 5 (2) 2 (3)
  Metaraminol (%) 4 (2) 2 (3)
  glucagon (%) 1 (<1) 0
  Vasopressin (%) 1 (<1) 0
 Endotracheal intubation (%) 34 (16) 14 (18%)
 Sodium bicarbonate (%) 28 (13) 14 (18%)
  median dose, mmol (range) 100 (50–550) 100 (100–400)
 intravenous lipid emulsion (%) 2 (1) 1 (1)
 Electrical pacing (%) 1 (<1) 0
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propranolol 40 mg tablets in anticipation of overdose. he 
received naloxone 1,600 mg intramuscularly by ambulance 
staff and presented to a rural hospital at an unclear time 
post-ingestion with a GCs of 14, a heart rate of 70 beats/
min and blood pressure of 88/55 mmhg. his arrival eCG had 
a QRs complex duration of 110 ms with no terminal R wave 
in aVR. he deteriorated over 60 min with progressive brady-
cardia and hypotension, then had a seizure precipitating an 
asystolic cardiac arrest 70 min following presentation. he 
had a prolonged period of resuscitation, receiving epineph-
rine 9 mg, sodium bicarbonate 500 mmol, glucagon 4 mg, 

insulin 200 U, and intravenous lipid emulsion 250 mg, prior 
to return of circulation after 60 min. The eCG following the 
return of circulation showed a QRs complex duration of 
200 ms with a 3 mm terminal R wave in aVR (R:s ratio of 3). 
he was transferred to a tertiary hospital, arriving 6 h after 
the initial presentation with a heart rate of 80 beats/min 
(paced), blood pressure of 138/70 mmhg on epinephrine 
100 µg/min and a glucagon infusion of 4 mg/h. his inotropic 
support was weaned over the subsequent 24 h. he sus-
tained an unsurvivable hypoxic brain injury and was palli-
ated on day 6. The serum propranolol concentration taken 

Figure 2. (a) Example of ECg evidence of sodium channel blockade with progression of QRS complex widening over time in a patient ingesting pro-
pranolol 4,000 mg approximately 80 min prior to suffering an out-of-hospital cardiac arrest. The patient was found unresponsive by paramedics with 
pulseless electrical activity and received 40 min of advanced cardiac life support with epinephrine 10 mg and sodium bicarbonate 50 mmol prior to return 
of spontaneous circulation. Pre-hospital electrocardiograph (limb leads only) after return of spontaneous circulation approximately 2 h post-ingestion, 
QRS complex duration was 200 ms, pH unknown. The patient was administered sodium bicarbonate 250 mmol by the paramedics en route to hospital. 
(B) Electrocardiograph on arrival at hospital approximately 3 h post-ingestion, QRS complex duration was 200 ms with pH 7.18. The patient received 
sodium bicarbonate 200 mmol.
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on arrival at the rural hospital 1 h before the initial cardiac 
arrest was 2 mg/l.

Isolated propranolol ingestions

There were 79 patients who did not co-ingest drugs apart 
from ethanol. ethanol was reported as a co-ingestant in 25 of 
79 of these ingestions. The reported median propranolol 
dose in this group was 1,100 mg (iQR: 700–2,600 mg; range 
360–5,360 mg). activated charcoal was given to 39 of 79 
(49%) patients at a median time of 2.0 h (iQR: 1.4–3.1 h) 
post-ingestion. Twelve (15%) patients developed bradycardia, 
and 32 (41%) had hypotension. The lowest reported propran-
olol doses following which bradycardia or hypotension 
occurred were 800 mg and 400 mg, respectively.

severe toxicity occurred in 17 (22%) patients ingesting 
propranolol alone. seizures occurred in 12 patients (15%) at 

a median of 1.2 h post-ingestion (range 0.5–3.9 h). seizures 
were significantly more common in the patients ingesting 
only propranolol compared to those who co-ingested other 
agents (15% ingested only propranolol versus 4% who 
co-ingested other agents; P = 0.007). Coma occurred in 13 
patients (16%), two of whom reportedly co-ingested ethanol, 
16 (20%) received inotropes, nine (11%) had eCG evidence of 
sodium channel blockade, and four (5%) had a cardiac arrest 
(Table 2).

The lowest reported dose for severe toxicity (coma, seizure, 
or inotrope use) was 2,000 mg, and for eCG evidence of sodium 
channel blockade or cardiac arrest (Figure 3a) was 2,400 mg. 
Of the 32 patients who ingested only propranolol in a dose ≥ 
2,000 mg, 17 had one feature of severe toxicity (95% Ci: 36–
69%). There were no cases of severe toxicity in patients ingest-
ing only propranolol <2,000 mg (95% Ci: 0–8%). Patients with 
neurotoxicity (coma or seizure) all had accompanying 

Figure 2. (C) Electrocardiograph 16 min after arrival at hospital, QRS complex duration was 170 ms, pH 7.31. no further sodium bicarbonate given.  
(D) Electrocardiograph 8 h post-ingestion, QRS complex duration was 120 ms, pH 7.37.
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haemodynamic instability and received inotropes except for 
one patient with both coma and seizure who had a heart rate 
of 54 beats/min and systolic blood pressure of 83 mmhg that 
responded to crystalloid therapy. The median time until severe 

toxicity occurred was 2 h, with the onset of at least one sign 
of toxicity occurring within 4 h for all patients who developed 
severe toxicity (Figure 3B). The length of stay of patients with 
severe toxicity was 53 h (iQR: 28–91 h).

Figure 3. (a) The reported dose ingested in 79 patients with isolated propranolol overdoses for each clinical effect or complication is displayed as a scatter plot 
with the median reported dose represented by a horizontal line. Bradycardia was defined as a heart rate <50 beats/min, hypotension as a systolic blood pressure 
<90 mmHg and coma as a glasgow Coma Scale <9. (B) Time until severe toxicity occurred in 79 patients with isolated propranolol overdose displayed as a scatter 
plot with the median time of onset represented by a solid vertical line.
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Discussion

We found that severe toxicity was common following pro-
pranolol overdose, occurring in approximately one-quarter of 
patients in this series. severe toxicity occurred early, with a 
median onset within 2 h of patients taking propranolol alone, 
and all of the patients with severe toxicity developed at least 
one feature within 4 h post-ingestion (Figure 3B). The dose 
threshold for patients ingesting propranolol alone with severe 
toxicity appeared to be 2,000 mg, with severe toxicity unlikely 
to occur below this threshold (95% Ci: 0–8%). Widening of 
the QRs complex was uncommon and did not appear to 
respond rapidly to the administration of sodium bicarbonate. 
even in large propranolol ingestions, the outcome was usu-
ally favourable with good supportive care.

severe toxicity was common in this series, which has 
important implications given the increasing prescriptions of 
propranolol and signals towards rising harm [6]. Most patients 
taking a propranolol overdose ingested their own prescribed 
medication, with the commonest prescribed indication being 
anxiety. it has been suggested that primary care providers 
should be mindful of the increased risk of propranolol in 
overdose and avoid prescribing formulations >10 mg to those 
in a vulnerable cohort [7]. The 2,000 mg dose threshold for 
severe toxicity in this study is the same as that reported by 
Reith et  al. [1] for an increased risk of seizure. The strength 
of our study is that it is larger than others, and we could 
estimate the dose threshold for severe toxicity in isolated 
propranolol ingestions, whereas in a previous study [1], 61% 
of patients co-ingested other agents. The overall rate of sei-
zures (17/209, 8%) was lower in our study compared to that 
of Reith and colleagues [1] (8/28, 29%). This may reflect that 
the primary co-ingestant in our series was a benzodiazepine. 
it is important to note that seizures did occur at lower doses 
of propranolol (minimum reported dose 1,000 mg) in patients 
that co-ingested other agents.

an interesting finding in the study was that co-ingestants 
were other psychotropic medications, rather than other car-
diac medications, which is again indicative of the population 
now being prescribed propranolol. This is reassuring and 
reflects the good outcomes in this study because other 
beta-adrenoceptor blocking drugs and highly toxic cardiac 
medications, such as calcium-channel blockers, are often 
co-ingested with other cardiovascular medications, increasing 
the toxicity [12]. in addition, the common co-ingestion of 
benzodiazepines was associated with a decreased frequency 
of seizures.

in most cases, there was a good outcome following propran-
olol overdose with supportive care alone. epinephrine and 
high-dose insulin were the most commonly used inotropes in 
this series. epinephrine is recommended as first-line manage-
ment for beta-adrenoceptor blocking drug toxicity in the 
australian Therapeutic Guidelines [13] due to its action on 
beta-adrenoceptors and resultant inotropic and chronotropic 
effects, which likely explains its preferential use in this series. 
There is surprisingly little evidence for catecholamine inotrope 
administration in beta-adrenoceptor blocking drug poisoning, 
although their use is commonly reported in case reports to 
increase vasomotor tone rather than for chronotropy [14]. 

high-dose insulin euglycaemic therapy is used in 
beta-adrenoceptor blocking drug poisoning for its inotropic 
action, which is thought to occur in part through improved glu-
cose transport in a stressed myocardium [15]. There are multi-
ple animal studies which support the use of high-dose insulin 
euglycaemic therapy in propranolol poisoning [16–19]. Glucagon 
is not recommended in australia for the management of 
beta-adrenoceptor blocker poisoning due to insufficient stocks 
of the large doses required, emetogenic effects and tachyphy-
laxis, which likely reflects its low use in this series [20, 21].

While eCG evidence of sodium channel blockade was present 
in larger ingestions, most had only modest QRs complex widen-
ing. The cases with very wide QRs complex were all associated 
with acidaemia. it is difficult to interpret the effect of sodium 
bicarbonate in these cases as paired eCG and ph data were not 
available in a serial manner in many cases. Widening of the QRs 
complex appeared to resolve in a relatively short time frame, 
irrespective of whether sodium bicarbonate was used. indeed, in 
many cases of sodium bicarbonate use, there was no QRs com-
plex widening. The overzealous use of sodium bicarbonate in 
sodium channel blocker overdose, in general, has been described 
previously [22]. The role of sodium bicarbonate in the manage-
ment of propranolol poisoning is unclear. a previous animal 
study suggested sodium bicarbonate was ineffective as a single 
therapy to treat propranolol overdose [23]. it is possible there is 
a role for correction of ph towards the normal range with 
sodium bicarbonate, but this series does not support an alkalae-
mic ph target as is sought with sodium bicarbonate therapy in 
other sodium channel blocking overdoses like tricyclic antide-
pressant overdose [24]. a prospective series with serial paired 
eCG and ph values may be helpful to further define this.

Limitations

This study has a number of limitations. Dose information 
relied on patient history, which may have been inaccurate, 
although there was a moderately strong association between 
the dose ingested and propranolol concentration in patients 
in whom drug concentrations were measured. some data 
points, like QRs complex widening, relied on serial eCGs, 
which may not have been performed frequently enough to 
identify changes. it is possible the maximal duration of QRs 
complex widening was unreliable. in addition, propranolol 
ingestion was not confirmed by analytical testing in all cases, 
but the unique propranolol toxicity profile in overdose of 
beta-adrenoreceptor blockade and neurotoxicity makes it less 
likely that patients did not ingest propranolol when they 
stated they had. For patients in whom analytical confirmation 
was performed, sampling time was not standardized, and it 
is possible the actual peak concentration was missed. 
similarly, there was no analytical confirmation of reported 
co-ingestions, and this information may have been unreliable.

Conclusion

Bradycardia, severe hypotension, coma and seizure were com-
mon following propranolol overdose in this series. severe toxicity 
appeared more common in ingestions larger than 2,000 mg, with 
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approximately 50% of those patients ingesting only propranolol 
having severe toxicity above this threshold; there were no cases 
of severe toxicity below this threshold (95% Ci: 0–8%). even in 
patients ingesting large propranolol overdoses, the outcome was 
usually favourable with good supportive care.
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