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Objectives

• Evaluate and manage toxic ingestions in 
patients, including assessment, 
understanding pharmacokinetic and 
pharmacodynamic alterations, and 
implementing appropriate treatment 
strategies.



A 51-year-old female presents to a rural ED about 40 miles from the 

nearest tertiary care center. Five hours prior to presentation she 

ingested approximately 60 tablets of one of her medications, but 

EMS did not grab her medication bottles prior to transport.  

Currently, the offending agent is unknown, but her home 

medication list includes prescribed oxycodone, carvedilol, lisinopril, 

amitriptyline, and gabapentin.



Upon arrival in the ED, she is confused and combative. 

Initial vital signs:

• BP 92/64 mm Hg, HR 132 bpm, RR 23, Temperature 37.4°F 
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ABGs: 7.3/73/61/34/5.4/94%
Lactate: 5.1 mmol/L

Serum APAP: < 1 mcg/mL
Serum salicylates: < 5mg/dL
Serum ethanol: < 10 mg/dL



https://litfl.com/tricyclic-overdose-sodium-channel-blocker-toxicity/



What toxicity is this patient 

exhibiting?



TCA Toxicity
•Alpha receptor antagonism

• Hypotension
•Sodium channel blockade

• Widened QRS interval 
•  Sodium current is responsible for 

depolarization
• QRS interval represents ventricular 

depolarization
• Blockade of sodium channel 

depolarization
• Tall R wave in AVR
• Seizures

•Anticholinergic activity
• Delirium, agitation, tachycardia

•GABA receptor blockade
• Seizures

•Inhibition of catecholamine 
reuptake

https:/litfl.com/wp-content/uploads/2019/01/action-potential.jpg

Valento M et al. Cyclic antidepressants. In: Nelson LS et al, eds. Goldfrank’s toxicologic emergencies, 11th ed. New York, NY: McGraw-Hill; 2/019.



What does the EKG tell us?



EKG Findings: Widened QRS (>100 ms)

Bottom Line:

• Different methodology between studies with the mean QRS duration being measured in limb leads (Boehnert) and all 12 leads in others (Shannon, Foulke)

• Exaggerated specificity?

• Hard to measure accurately 

• Buckley et al, three toxicologists failed to agree on QRS duration in 19.5% (n=45) of cases

Author (Year) Trial Design Outcomes

Boehnert 
(1985)

Prospective study of patient with TCA 
overdose (n=49)

• QRS < 100 ms (n=13)- no seizures or ventricular arrhythmias
• QRS > 100 ms (n=36) - 34% developed seizures, 14% 

developed arrhythmias 
• In all patients developing arrhythmias, QRS > 160 ms

Shannon 
(1992)

Study of patients with a mean maximal QRS 
duration of 145 ms after TCA ingestion 
(n=22)

• Ten patients (45%) developed seizures
• Six patients (27%) developed arrhythmias

Foulke (1987) Retrospective analysis with confirmation of 
TCA ingestion (n=102)

• No significant difference in the rate of occurrence of 
ventricular arrythmias (5% vs. 6%) or seizures (7% vs. 11%) 
when compared between the <100 ms (n=57) and >100 ms 
(n=45) groups 

Boehnert MT. N Engl J Med. 1985;313:474-9.
Shannon MW. J Toxicol Clin Toxicol. 1992;30:377-86.
Foulke GE. Ann Emerg Med. 1987;16:160-3.
Buckley NA. Ann Emerg Med. 1996;28:515-9



EKG Findings: Right Axis Deviation
Author (Year) Trial Design Outcomes

Caravati (1991) Study of patients with TCA poisoning 
(n=106)

• Significantly more patients with rightward shift in the major 
toxicity group

Liebelt (1995) Study of patients with TCA poisoning 
within 24 hours of ingestion (n=79)

Risk factor for seizure or arrhythmia
• R wave in AVR > 3mm = 43% positive predictive value
• QRS interval > 100 ms = 35% positive predictive value
Regression: seizure and arrythmia
• R wave in aVR > 3 mm only significant risk factor
• OR, 6.9 [95% CI, 1.2 to 40], P=0.03

Buckley (2003) Case control study of patients 
presenting with serious arrhythmias 
following TCA poisoning (n=31)

• R/S ratio in aVR > 0.7 was a better predicator of arrhythmia 
(OR 14.5; 95% CI 3.10, 68) than QRS > 100 ms (OR 4.83; 95% 
CI 1.73, 13.5) or QTc > 430 ms (OR 4.5; 95% CI 1.56, 13)

Bottom Line:
• Presence of right axis deviation has been shown to be more prognostic for severe TCA toxicity 
• Patients presenting with an R wave in AVR > 3 mm are at higher risk for serious arrhythmias or 

seizures
Caravati, EM J Toxicol Clin Toxicol. 1991;31-43.
Leibelt El. Ann Emerg Med. 1995;26:195-201/
Buckley NA. Crit Care. 2003;7:R101-7



How would you manage this patient?



ED Management
• Supportive Care

• Airway, breathing, circulation
• IV access, supplemental O

2
, continuous cardiac monitoring

• IV crystalloid fluids

• Direct Management 
• Sodium Bicarbonate (NaHCO

3
) 

• Bolus 1-2mEq/kg with additional boluses every 3-5 minutes until the QRS narrows 
to <100ms and hypotension improves

• Aim for a pH below 7.55
• If patient is intubated, can use mechanical ventilation to control pH

• Activated charcoal
• Lipid emulsion
• ECMO

Valento M et al. Cyclic antidepressants. In: Nelson LS et al, eds. Goldfrank’s toxicologic emergencies, 11th ed. New York, NY: McGraw‐Hill; 2019.



Hypotension Management

•Good Ejection Fraction

•- Vasodilation as source of 
hypotension

•- 1st Line: Norepinephrine (Teba 
1988, Tran 1997, Vernon 1991)

•Poor Ejection Fraction

•- Cardiac +/- peripheral 
vasodilation as source of 
hypotension

•- Epinephrine – provides 
inotropy + vasopressor effects

• - Dobutamine –  consider as 
adjunct to inopressor if cardiac 
output decreased

Teba  L Am J Emerg Med. 1988;6:566–568, Tran TP Acad Emerg Med. 1997;4:864–868, Vernon  DD. Crit Care Med. 1991;19:544–549.
Valento M et al. Cyclic antidepressants. In: Nelson LS et al, eds. Goldfrank’s toxicologic emergencies, 11th ed. New York, NY: McGraw-Hill; 2019.



Should we give physostigmine?



Physostigmine
1. When does it clinically make sense?

• Severely agitated, aggressive patient without cardiac conduction 
disturbances, risk of seizures or unknown co-ingestants

• Mixed data 
• Negative

• Case report of asystole with physostigmine use in two peri-arrest TCA OD patients (Pentel 
1980)

• Positive
• Lower intubation and ICU admission compared to other agents (Boley 2019a, Boley 

2019b)
• TCA OD patients (n=394) treated with physostigmine (Arens 2019) 

• Asystole only occurred in 1 patient with propranolol co-ingestion 
2. Can you find it?

• Backorder � no longer being manufactured
3. Alternatives?

• Benzodiazepines
• Rivastigmine 3mg PO (single case report) Pentel P. Ann Emerg Med. 1980:588-90.  

Boley S. Ann Pharmacother. 2019:1060028019846654. a. 
Boley S. Clin Toxicol (Phila). 2019;57:50-55. b. 
Arens A. J Med Toxicol. 2019;15:184-191
Van Kernebeek MW. Clin Toxicol (Phila). 2021;59:447-448



Assessment Question
Patient presents to the ED secondary to an amitriptyline overdose.  Supportive 
care and direct management strategies are initiated.  Patient continues to have 
marked hypotension and bedside ECHO reports EF 25%.  Which vasopressor 
would you initiate?

A. Epinephrine
B. Dopamine
C. Vasopressin
D. Norepinephrine



Assessment Question
Patient presents to the ED secondary to an amitriptyline overdose.  Supportive care and direct management 
strategies are initiated.  Patient continues to have marked hypotension and bedside ECHO reports EF 25%.  
Which vasopressor would you initiate?

A. Epinephrine
B. Dopamine
C. Vasopressin
D. Norepinephrine

Explanation: 
Given the patient's poor ejection fraction, both cardiac dysfunction and peripheral vasodilation may contribute to 

hypotension. Epinephrine provides a combination of inotropic and vasopressor effects, making it the most 
appropriate choice for addressing the patient's cardiovascular compromise.

Options (b), (c), and (d) are less suitable because they either do not offer the combined inotropic and 
vasopressor effects needed in this case or have a less favorable hemodynamic profile for the management of 

hypotension in the context of an amitriptyline overdose and reduced ejection fraction.



Take Home 
Points

•Prompt recognition and treatment can 
significantly reduce mortality

•EKG findings can be pathognomonic and 
prognostic

•Right axis deviation (R in the aVR)
•Do not administer physostigmine if the 
patient has cardiac conduction 
disturbances or risk of seizures

•First line treatment is NaHCO
3
 1-2 mEq/kg

•In patients with significant hypotension, 
beside ECHO to evaluate for cardiac 
contractility can help guide pressor and 
inotrope treatment



Deep Thoughts By Frank

For further information on EKG interpretation:  
https://www.youtube.com/watch?v=EAS4QQ

AqnPg


