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Introduction: Tricyclic antidepressants (TCAs) were once commonly used to treat major depressive disorder (MDD), but are now 
considered second-line options after SSRIs and SNRIs. Additionally, TCAs are used to treat other conditions such as chronic pain and 
enuresis in children. Due to their numerous side effects and potential for drug interactions, cases of poisoning and death from TCA 
overdose, particularly amitriptyline, are on the rise. Therefore, this article revisits the overview and describes the clinical progression 
regarding blood gases, ECG, and electrolytes of the patient, as well as the use of 4.2% sodium bicarbonate and 2% lidocaine to treat 
cases of amitriptyline overdose poisoning.
Case Presentation: A 49-year-old female patient was admitted to the hospital due to cardiac and respiratory arrest. The patient had 
a past medical history of untreated cervical cancer and sleep disorders. Prior to admission, the patient had taken about 20 tablets of 
amitriptyline 25mg and was in a drowsy state with gasping breaths. During transportation to the hospital, the patient experienced 
cardiac arrest once and was successfully resuscitated, with a total arrest and resuscitation time of approximately 10 minutes.
Results: The use of 4.2% Sodium Bicarbonate and 2% Lidocaine, the patient was not used plasma exchange in this case, proved 
effective in this case. Continuous monitoring of blood gas levels, ECG, and electrolytes was maintained. The patient was able to walk 
independently and was discharged after 12 days of treatment.
Conclusion: The key factor was the healthcare staff’s quick recognition and timely management of TCA poisoning, in this case, 
amitriptyline.
Keywords: tricyclic antidepressants, amitriptyline, cardiac arrhythmia

Introduction
Tricyclic antidepressants (TCAs) were first introduced for the treatment of depression in the 1950s.1 Two years later, the 
first case involving TCAs side effects was reported.2 Among these medications, amitriptyline is still widely used, with 
1,353,110 users in the United States in 20213 and 4654 cases of poisoning, including 5 deaths attributed to amitriptyline 
(the highest proportion among TCAs).4

The toxic dose of amitriptyline is over 5mg/kg. At toxic doses, this drug can inhibit central alpha-adrenergic, 
histamine, muscarinic, and serotonin receptors. Alpha-adrenergic receptor blockade causes hypotension. Muscarinic 
receptor blockade causes anticholinergic poisoning symptoms, while histamine receptor blockade causes mental status 
changes. TCAs can also be cardiotoxic, as evidenced by ECG QRS widening and QT prolongation, and bradycardia. 
TCAs have quinidine-like effects on the heart, causing decreased contractility and hypotension.5–7 According to statistics, 
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up to 70% of amitriptyline poisoning deaths occur before reaching healthcare facilities, and only 2–3% of deaths occur 
after reaching medical facilities.8

Based on the above evidence, the role of management and prognosis of patients with amitriptyline poisoning is very 
important. On October 4, 2023, Thu Duc City Hospital admitted and successfully treated a case of amitriptyline 
poisoning.

Case Report
A 49-year-old female, was admitted to the hospital due to cardiopulmonary arrest. The patient has a medical history that 
includes untreated cervical cancer and sleep disorders. Three hours before admission, the patient’s family members 
noticed that the patient was lethargic, yawning, and found that the patient had taken about 20 tablets of amitriptyline 
25mg, prompting an emergency call. During transport to Thu Duc City Hospital, the patient experienced one cardiac 
arrest and was successfully resuscitated, with the arrest and resuscitation lasting about 10 minutes. Upon admission to the 
Emergency Department at Thu Duc City Hospital, the patient was unconscious/on mechanical ventilation, with a blood 
pressure of 105/70 mmHg on a background of Noradrenaline at a dose of 0.5 µg/kg/min and Adrenaline at a dose of 
0.3 µg/kg/min. The extremities were warm, the pulse was clear, and the heart rate was regular and fast at 115 beats 
per minute. After admission to the Emergency Department, the patient experienced a second cardiac arrest and was 
resuscitated with basic and advanced cardiopulmonary resuscitation, achieving return of spontaneous circulation after 
15 minutes.

The pH level is 6.902 and bicarbonate (HCO3) is 18.4, which is very low compared to normal levels, indicating 
severe acidosis. Blood oxygen (pO2) is 52 and lactate is 10.39 mmol/L, indicating the patient is experiencing hypoxia. 
The results in Table 1 show that the patient is suffering from severe acidosis, respiratory failure, and tissue hypoxia. 
(Table 1)

The electrocardiogram (ECG) upon admission (Figure 1) shows the patient with a slow heart rate of 46 cycles 
per minute and a widened QRS complex of 240 ms. Several short episodes of ventricular tachycardia were recorded on 
the monitoring device. (Figure 1)

The patient was diagnosed with: Resuscitated cardiac arrest - Ventricular arrhythmias - QT prolongation - Seizures / 
Tricyclic antidepressant poisoning - Respiratory acidosis - Untreated cervical cancer - Sleep disorders.

The patient was treated with mechanical ventilation, noradrenaline 0.5µg/kg/minute, sedation, and 750mL of 4.2% 
sodium bicarbonate in the emergency room.

On the first day in the Cardiovascular Intensive Care Unit, we continued to maintain vasopressors, sedatives, and 
muscle relaxants, and administered isotonic sodium chloride solution and 4.2% sodium bicarbonate, adjusting the 

Table 1 Paraclinical Results Upon Admission

First Day Test Results Upon 
Admission at 8:46 AM

Results Units

Temp 37 C

pH 6.902

pCO2 93.5 mmHg

pO2 52 mmHg

Lactate 10.39 mmol/L

HCO3std 18.4 mmol/L

TCO2 21 mmol/L

BE(B) −16 mmol/L

SO2c 59 %
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patient’s blood sodium and potassium levels. During the treatment monitoring process, the monitor showed ventricular 
tachycardia (Figure 2) with a frequency of about 130 beats per minute, while the arterial blood gas results recorded a pH 
of 7.61, pO2 of 94, pCO2 of 40.4, and HCO3 of 40.6. Since the pH had reached the treatment threshold, the patient was 
administered an additional 1.5g of 15% magnesium sulfate intravenously over 15 minutes. The ECG results showed 
a narrowing QRS complex, but the monitor still recorded temporary episodes of ventricular tachycardia and frequent 
ventricular ectopic beats. The doctors decided to administer additional intravenous 2% lidocaine at a dose of 1.2mg/kg/h 
(Figure 2)(Table 2).

On the 2nd day after hospitalization, arterial blood gas results recorded a pH of 7.52; pO2 of 146; pCO2 of 31.8; 
HCO3 of 26; and a magnesium level of 4.69 mmol/L. Although the patient’s QTc was prolonged (510ms), due to the high 
blood magnesium level (4.69 mmol/L) after using 4.5g of 15% magnesium sulfate, and the monitor only recorded short 

Figure 1 Photograph of ECG on admission.

Figure 2 Photograph of ECG after treatment with 750mL of 4.2% sodium bicarbonate.
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episodes of ventricular tachycardia, we discontinued the magnesium sulfate and continued to maintain lidocaine 
intravenously. On the same day, the patient suddenly developed a high fever twice at 39°C, cough with yellow sputum, 
and was supplemented with antibiotics for pneumonia treatment. At this point, the 4.2% Sodium bicarbonate and sedation 
were discontinued (Table 3).

Table 2 Paraclinical Results in the Cardiovascular 
Intensive Care Unit

First Day Test Results Upon 
Admission at 04:37 PM

Results Units

Na+ 151 mmol/L

K+ 2.9 mmol/L

Cl− 103 mmol/L

Arterial blood lactate 76 mg/dl

Arterial pH 7.61 mmHg

Arterial pCO2 40.4 mmHg

Arterial pO2 94 mmHg

TCO2 41.8 mmol/L

HCO3 Standard 40.6 mmol/L

BE(B) 17.2 mmol/L

BE(ecf) 19 mmol/L

O2ct 20.1 mL/dl

O2 Sat 98.4 %

Table 3 Test Results on the Second Day After 
Hospital Admission

Second Day Test Results 
Upon Admission at 07:39 AM

Results Units

Na+ 144 mmol/L

K+ 4.3 mmol/L

Cl− 112 mmol/L

Arterial pH 7.52 mmHg

Arterial pCO2 31.8 mmHg

Arterial pO2 146 mmHg

TCO2 27 mmol/L

HCO3 Standard 26 mmol/L

BE(B) 3.5 mmol/L

BE(ecf) 2.9 mmol/L

O2ct 20.5 mL/dl

O2 Sat 99.5 %
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At the end of the 3rd day of hospitalization, 2% lidocaine was discontinued for the patient. After discontinuing the use 
of 4.3% sodium bicarbonate and 2% lidocaine, the ECG showed a stable sinus rhythm of 95 cycles per minute, 
a narrowed QRS complex of 88 ms, and a QTc of 440 ms (Figure 3)(Table 4).

The patient was successfully weaned off mechanical ventilation and extubated after 48 hours of sedation discontinua
tion, able to understand and follow commands. The patient recovered well, with no fever after 1 day of antibiotic 
treatment, and antibiotics were discontinued after 10 days. After 12 days of treatment, the patient was able to walk 
independently. After 15 days of treatment, the patient was discharged from the hospital in good recovery. The entire 
treatment process is summarized in Table 5.

Figure 3 Photograph of ECG upon discontinuation of Sodium Bicarbonate 4.2% and Lidocaine 2%.

Table 4 Test Results on the Third Day After 
Hospital Admission

Third Day Test Results After 
Hospital Admission

Results Units

Ure 36 mg/dl

Creatinin 0.84 mg/dl

SGOT (AST) 29 u/l

SGPT (ALT) 48 u/l

Na+ 138 mmol/L

K+ 3.8 mmol/L

Cl− 109 mmol/L

eGFR (glomerular filtration rate) 76.59 mL/phút

Arterial pH 7.448 mmHg

Arterial pCO2 34.7 mmHg

(Continued)
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Discussion
As previously mentioned, the use of TCAs remains relatively high, and this is associated with a high rate of intentional 
poisoning and deaths related to this group of drugs. TCAs are rapidly absorbed through the gastrointestinal tract. Notably, 
these drugs have an anti-cholinergic effect which can reduce gastrointestinal motility, leading to decreased absorption and 
toxicity. Once absorbed into the bloodstream, TCAs have a long half-life due to their high protein binding and lipid 

Table 5 Summary of ECG, Arterial Blood Gas pH, and Electrolyte Chart Progression During Treatment

Time ECG Blood 
pH

Electrolytes Treatment

8:37 AM, 
Dec 4

QRS 0.292s 
QTc 0.549s

6.9 Na+ 135 
K+ 4.1

- Noradrenaline 0.5µg/kg/minute

- 750mL Sodium bicarbonate 4.2%

12:30 PM, 
Dec 4

QRS 0.104s 
QTc 0.513s 

Ventricular tachycardia on monitor

7.61 Na+ 151 
K+ 2.9

- Noradrenaline 0.125µg/kg/minute

- Magnesium sulfate 15%/10mL 4.5g
- Lidocaine 2% 1.2mg/kg/h

- Dextrose sodium 500mL

- Intravenous potassium supplementation

7:30 PM, 

Dec 4

Non-sustained ventricular tachycardia on 

monitor

7.503 Na+ 151 

K+ 3.4 
Mg2+ 4.69

- Continue Noradrenaline

- 750mL Sodium bicarbonate 4.2%

- Lidocaine 2% 2.4mg/kg/h
- 500mL Sodium chloride 0.45%

- Intravenous potassium supplementation

1:00 AM, 

Dec 5

Premature ventricular contractions on 

monitor

7.65 Na+ 149 

K+ 3.4

- Noradrenaline 0.5µg/kg/minute

- Lidocaine 2% 2.4mg/kg/h

- Intravenous potassium supplementation

7:00 AM, 

Dec 5

QRS 0.088s 

QTc 0.45s 
Premature ventricular contractions on 

monitor

7.52 Na+ 144 

K+ 4.3

- Noradrenaline 0.25µg/kg/minute (discontinued 

after 10 hours)

- Lidocaine 2% 2.4mg/kg/h

8:00 PM, 

Dec 6

QRS 0.086s 

QTc 0.44s

7.45 - Discontinue Sodium bicarbonate 4.2% and 
Lidocaine 2%

Abbreviations: ECG, electrocardiogram; QTc, corrected QT.

Table 4 (Continued). 

Third Day Test Results After 
Hospital Admission

Results Units

Arterial pO2 122 mmHg

TCO2 25.1 mmol/L

HCO3 Standard 24 mmol/L

BE(B) 0.3 mmol/L

BE(ecf) −0.2 mmol/L

O2ct 20.3 mL/dl

O2 Sat 98.9 %
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solubility. Amitriptyline is metabolized in the liver through the CYP2C19, CYP3A4, and CYP2D6 systems into 
Nortriptyline, which is excreted by the kidneys. It is important that both Amitriptyline and its metabolite have the 
potential to cause poisoning. Symptoms of poisoning can last 24–48 hours, but some cases have been reported to last up 
to 5 days.5,8

Our patient presented with almost all the signs of amitriptyline poisoning. With regard to alpha-adrenergic receptor 
blockade, the patient required blood pressure support with Noradrenaline, as well as coma due to histamine receptor 
blockade and anticholinergic effects. We also observed brief seizures in the patient, as TCAs have agonist effects on 
GABA-A receptors.8,9 In addition, on the ECG, signs suggestive of TCA overdose included QRS>100ms, QTc>430ms, 
and R/S ratio >0.7 in aVR, all of which were present in this patient. The ECG is a factor that helps stratify risk in 
patients, guides treatment, and also plays an important role in the prognosis of cardiovascular and neurological 
complications (such as seizures, arrhythmias, torsades de pointes) more than the drug concentration in the blood.9

Determining the time the patient started taking the drug is crucial.9 In this patient, the duration of drug use was more 
than 6 hours, so general measures in drug poisoning management, such as gastric lavage, were nearly ineffective. 
Although the clinical evidence for the use of Sodium bicarbonate is still limited, it remains the standard treatment9 for 
TCAs poisoning through three mechanisms. Firstly, sodium bicarbonate increases the sodium concentration gradient 
across affected sodium channels, counteracting the effects of TCAs. Secondly, it raises the pH, leading to the dissociation 
of TCAs from sodium channels in the heart – the main cause of TCAs-related arrhythmias.10 Finally, at high pH, TCAs 
are more likely to bind to proteins, reducing the concentration of active TCAs in the blood.11 However, a pH greater than 
7.6 can predispose the patient to arrhythmias.9 When we discovered that the patient’s blood pH was higher than 7.6, we 
promptly discontinued sodium bicarbonate infusion to avoid the risk of arrhythmias in the patient.

In addition to pH, electrolytes are also important considerations. The concentration of Magnesium sulfate should be 
maintained at 0.7–1.05 mmol/L to stabilize the myocardial cell membrane, and the potassium levels are recommended at 
4.5–5.0 mmol/L to shorten the QT interval.12

In cases of hypotension that does not respond to fluid resuscitation, vasopressors should be considered. Due to the 
mechanism of action of TCAs, which is to block the reuptake of neurotransmitters, Noradrenaline (direct effect) is 
believed to be more beneficial than Dopamine (indirect effect).13 Indeed, the patient was treated with Noradrenaline and 
showed a good response.

Our patient was treated with Lidocaine to manage arrhythmias after careful consideration of the risks and benefits. 
Antiarrhythmic drugs should only be used after Sodium bicarbonate has been used and the patient’s condition has not 
stabilized. Class Ia (quinidine, procainamide, etc) or Class Ic (flecainide) drugs should not be used in the setting of acute 
TCAs poisoning due to their similar sodium channel blocking effects, which can lead to decreased conduction velocity 
and decreased myocardial contractility. On the other hand, Class II drugs should also be avoided due to the risk of 
hypotension that may lead to cardiac arrest, while Class III drugs (amiodarone) can further prolong the QT interval, 
increasing the risk of arrhythmias.14 Although Class Ib drugs (phenytoin, lidocaine) also have effects on sodium channels 
in the heart, they have a shorter duration of action than Class Ia, Ic drugs, and when competing with TCAs, they can help 
to restore more sodium channels to their normal state earlier, leading to increased myocardial conduction velocity.15

Plasma exchange is considered when other basic treatment methods are ineffective.16 This is due to the lipid-soluble 
and protein-binding properties of TCAs. Plasma exchange helps remove unbound drug. There have been several 
successful case reports. In 2013, Karaci reported a case of a 15-year-old female patient in Turkey who overdosed on 
Amitriptyline at a dose of 22mg/kg. The patient’s Glasgow Coma Scale (GCS) improved from 5 to 13 points after initial 
treatment with endotracheal intubation, gastric lavage, and sodium bicarbonate, followed by plasma exchange for 4 
hours.17

In the United States, in 2012, a case was reported by Levine of a 12-year-old girl with amitriptyline overdose of 
unknown quantity who presented with cardiac arrest, seizures, prolonged QRS and QTc.18 The patient received similar 
initial treatment to our patient, including endotracheal intubation, vasopressors, sodium bicarbonate, and followed by 
20% intravenous lipid emulsion, resulting in stabilization of blood pressure and gradual narrowing of the QRS. In 2014, 
Agarwala reported a case of a 44-year-old male patient who presented with somnolence, hypotension, wide QRS, 
seizures, and asystole. The patient was treated similarly with good results and a good recovery.19
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The treatment with Sodium bicarbonate 4.2% and Lidocaine 2% yielded a positive response in our patient, leading us 
not to use plasma exchange. Upon returning for a follow-up five days post-discharge, the patient demonstrated 
satisfactory recovery. However, long-term monitoring is essential to evaluate any potential adverse effects of 
Amitriptyline on the patient’s current health and mental well-being.

Conclusion
TCAs poisoning is not uncommon in clinical practice. Advances in diagnosis and treatment have helped to risk stratify 
patients and provide effective treatment. Sodium bicarbonate, lidocaine, and plasma exchange have all been shown to be 
effective in clinical reports. The successful treatment of this case was due to the accurate identification and classification 
of the severity of the condition, timely intervention to maintain pH and electrolytes, and early correction of ventricular 
arrhythmias, which resulted in positive outcomes in the emergency management of the patient.
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