
Received:  2023.02.15
Accepted:  2023.06.08

Available online:  2023.07.06
Published:  2023.08.05

  2261      2      3      28

Effective Treatment of Acute Tricyclic 
Antidepressant Poisoning with Cardiogenic 
Shock and Severe Rhabdomyolysis Using ECMO 
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	 Patient:	 Female, 55-year-old
	 Final Diagnosis:	 Drug toxicity
	 Symptoms:	 Arrhythmia • cardiac arrest • cardiogenic shock • coma • respiratory distress
	 Clinical Procedure:	 Continuous veno-venous hemofiltration • ECMO • mechanical ventilation support
	 Specialty:	 Critical Care Medicine • Toxicology

	 Objective:	 Management of emergency care
	 Background:	 Tricyclic antidepressant (TCA) drugs are a common cause of fatal poisoning because of their cardiotoxic and 

arrhythmogenic effects. Classic supportive management includes sodium bicarbonate, gastrointestinal chelat-
ing agents, and vasopressors. Recently, intravenous lipid emulsion (supported by a low evidence level) has also 
been used.

	 Case Report:	 We report the case of a 55-year-old woman admitted to our Intensive Care Unit (ICU) with acute imipramine 
self-poisoning. She arrived at the emergency department 7 hours after imipramine ingestion; she had severe 
rhabdomyolysis upon admission, with creatine phosphokinase levels at about 52 500 IU/L (normal, <200 IU/L).

		  She quickly developed cardiogenic shock and malign arrhythmia requiring veno-arterial extra corporeal mem-
brane oxygenation (VA-ECMO). Continuous renal replacement therapy (CRRT) with CytoSorb® (CytoSorbents, 
Monmouth Junction, New York, United Sates of America) was started 19 hours after admission. We performed 
serial blood measurements of imipramine and its active metabolite desipramine as well as viewing the levels 
on the CRRT-circuit monitor. Cardiac function improved and ECMO was explanted after 4 days. She also had 
severe acute respiratory distress syndrome, which resolved spontaneously. The neurologic outcome was favor-
able despite early myoclonus. The patient regained consciousness on the fifth day. Her clinical evolution was 
marked by acute ischemia of the lower left limb due to the arterial ECMO cannula.

	 Conclusions:	 These measurements document the efficacy of the CytoSorb® adsorber in removing a lipophilic drug from a pa-
tient’s bloodstream. To our knowledge, this is the first published case of CytoSorb® extracorporeal blood puri-
fication therapy for acute TCA poisoning.
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Background

Tricyclic antidepressant (TCA) drugs were first commercialized 
in the 1950s. Although they are used less frequently since the 
development of other antidepressant classes (eg, selective se-
rotonin reuptake inhibitors and serotonin and norepinephrine 
reuptake inhibitors) they remain a common cause of fatal drug 
poisoning because they have more toxic effects than newer an-
tidepressants. In the case of overdose, TCAs have severe car-
diotoxic (arrhythmogenic) and neurotoxic effects. Cardiac ef-
fects are mediated by their action on fast sodium channels in 
the cardiac conduction pathway and myocardium [1].

TCAs are lipophilic and are primarily metabolized by the liver [2]. 
Because of their lipophilic nature, they tend to accumulate in 
adipose tissue and thus have a large volume of distribution [2]. 
They yield many pharmacologically active metabolites, and the 
majority of the drug is excreted by the kidneys after metabo-
lization. Regarding intravenous lipid emulsion (ILE), a number 
of articles have compiled and evaluated the use of lipids in 
human clinical situations, all coming to similar conclusions [2]. 
For both local anesthetic and nonlocal anesthetic overdoses, 
only low-level evidence, largely from animal models and case 
reports, exists in support of using ILE [2]. The therapeutic to-
tal concentration of imipramine and desipramine are around 
175-300 µg/L in total [3]. Toxic concentrations are above 500 
µg/L, with cardiac manifestations starting around 400 µg/L. 
Lethal concentrations are above 1000 µg/L The therapeutic 
range is therefore narrow: usual oral doses for tricyclic anti-
depressants are around 100 to 200 mg/day, while lethal dos-
es are above 1 gram [3]. We report the case of a woman with 
acute imipramine self-poisoning [4].

Case Report

A 55-year-old woman was admitted to our ICU for acute 
imipramine self-poisoning. She was unconscious (Glasgow 
Coma Scale of 6/15) upon arrival at the Emergency Medical 
Services (about 7 hours after ingestion) and was intubated 
on site. Cardiopulmonary auscultation showed reduced car-
diac sounds and basal crepitation suggestive of lung edema. 
Neurologically, she had no sign of lateralization. There was no 
peristaltism on abdominal auscultation. She received a gastric 
lavage with activated charcoal but without any positive effect 
due to the late arrival of the patient. Very quickly, she went 
into cardiogenic shock. She received 9 liters of crystalloid flu-
ids in the first 12 hours. Echocardiography and pulse contour 
continuous cardiac output (PiCCO) monitoring were used to 
assess her cardiac function. The ejection fraction was 5-10% 
(cardiodepression) under 2 mcg/kg/min of noradrenaline, 15 
mcg/kg/min of dobutamine, and 1 mcg/kg/min of adrenaline. 
The electrocardiogram (ECG) was very enlarged, with a QRS 

duration >100 milliseconds; therefore, she received, intrave-
nously, 200 milliequivalents of bicarbonate, without any pos-
itive results. Further, she had ventricular tachycardia, torsade 
de pointes, and ventricular fibrillation (see Figure 1). Her last 
measurement of CO with the PiCCO was 0.3 L/min. The acute 
physiology and chronic health evaluation (APACHE) II score 
was 40, with an expected mortality of 91%. Urgently, veno-ar-
terial extracorporeal membrane oxygenation (VA-ECMO) was 
initiated, under a right femoral access in the left groin (flow 
of 3.5 L/min-gas flow of 6). She improved substantially, until 
she could be weaned off of all the inotropes except a small 
dose of noradrenaline of about 0.4 mcg/kg/min. Laboratory 
values upon admission revealed creatine phosphokinase at 
about 52 500 IU/L (normal, <200 UI/L), aspartate aminotrans-
ferase at 4254 U/L (normal, <35 U/L), alanine aminotransfer-
ase at 3452 U/L (normal, <35 U/L), urea at 175 mg/dL (nor-
mal, 5-20 mg4L), creatinine at 4.5 mg/dL (normal, 0.5-1 mg/dL), 
sodium at 141 mEq/L (normal, 135-145 mEq/L), potassium at 
5.5 mEq/L (normal, 3.5-5 mEq/L), chloride at 94 mEq/L (normal, 
96-106 mEq/L), and magnesium at 2.1 mg/dL (normal, 1.5-2.4 
mg/dL). Arterial blood gas results showed a pH of 7.03 (nor-
mal, 7.35-7.45), a pCO2 of 34 mmHg (normal, 35-45 mmHg), 
a pO2 of 65 mmHg (normal, 75-100 mmHg) under 100% oxy-
gen fraction with a positive end expiratory pressure (PEEP) of 
10, a bicarbonate level of 12 mmol/L (normal, 23-28 mmol/L), 
and a lactate of 17 mmol/L (normal, <2.0 mmol/L). The c-reac-
tive protein level was 35 mg/Liter (normal, <10 mg/L).

The initial level of imipramine was 1174 µg/L, and desipramine 
was 965 µg/L, which are clearly above lethal concentrations. 
We did start continuous veno-venous hemofiltration (CVVH) 
due to the occurrence of oliguria and severe rhabdomyolysis 
shortly thereafter. The CytoSorb was inserted 19 hours after 
admission and thus approximately 24 hours after the inges-
tion. The patient required 3 CytoSorb adsorbers, which were 
changed every 24 hours. After 48 hours, she was still in a deep 
coma without sedation (Glasgow Coma Scale of 3/15) and with 
myoclonus potentially due to hypoxic brain injuries. The prog-
nosis was very poor. However, the VA-ECMO was weaned af-
ter 4 days, and after 5 days, she woke up completely with a 
Glasgow Coma Scale of 15/15 but still had severe acute re-
spiratory distress syndrome (ARDS) and acute kidney injury.

In our case, blood levels of imipramine and desipramine were 
measured every 6 hours during the CytoSorb® adsorber treat-
ment. Measurements were done on arterial blood as well as 
on the CVVH circuit (pre- and post-adsorber) as shown in 
Figures 2 and 3. On average, post-filter imipramine levels were 
45% lower than pre-filter levels and post-filter desipramine lev-
els were 32% lower than pre-filter levels. The ARDS resolved 
spontaneously over the following days. A second cardiac echo-
cardiography was done prior to the removal of the VA-ECMO, 
and had completely normalized. The patient’s condition was 
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complicated by acute ischemia of the lower left limb due to 
the arterial ECMO cannula, despite the use of a back-flow can-
nula. The ischemia was treated by surgical thrombectomy and 
fasciotomy of the calf. The fasciotomy was closed at day 15. 
In the end, the patient lost 60% of the muscles in her left calf 
but was able to walk after rehabilitation. She then improved 
very slowly but soon after developed right lower pneumonia 
retrospectively due to influenza infection treated by oseltami-
vir. Serial measurements of rhabdomyolysis markers are use-
ful to unravel new ischemia and monitor the patient’s con-
dition to determine when CVVH can be stopped. CVVH was 
stopped at day 18. She was discharged 4 weeks after admis-
sion to the ward.

Discussion

TCA intoxication remains a common occurrence, but effective 
treatment options remain scarce. Classic management of TCA 
intoxication is purely supportive as reviewed below. Recently, 
lipid emulsion therapy has been increasingly used in the treat-
ment of lipophilic drug intoxications, but evidence supporting 
its use remains scarce for non-local anesthetic toxicity.

Sodium bicarbonate is the most widely used treatment for TCA 
poisoning. TCAs and other drugs like flecainide, cocaine, la-
motrigine, diphenhydramine, and citalopram induce QRS wid-
ening and malign arrhythmia by blockade of cardiac fast sodi-
um channels. QRS duration over 100 milliseconds is often used 
as the threshold for bicarbonate treatment [5].

Figure 1. �Cardiac arrhythmias observed in our case, representing, in order, a torsade de pointe, a ventricular tachycardia, and a 
ventricular fibrillation.
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It is not yet fully understood whether the antiarrhythmic prop-
erties of sodium bicarbonate are mediated by an increase in 
pH or by an increase in sodium concentration. There are in vi-
tro and in vivo studies supporting both hypotheses. The an-
swer probably depends on the drug that is responsible for the 
cardiotoxicity [6].

If hypotension is refractory to fluid resuscitation and sodium 
bicarbonate, alpha-agonists like noradrenaline are the treat-
ment of choice to counteract the alpha-antagonist proper-
ties of TCAs.

Hypertonic saline has been used as an alternative to sodium 
bicarbonate, but it is not as well-documented and most stud-
ies have not demonstrated an antiarrhythmic effect.
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Figure 2. �Changes in arterial blood, and pre-adsorber and post-adsorber imipramine levels.
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Figure 3. �Changes in arterial blood, and pre-adsorber and post-adsorber desipramine levels.
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Activated charcoal has been the most widely used adsorbent 
material in medicine for many years [7]. It is used in almost all 
acute intoxications. Diosmectite is another adsorbent material 
used in drug poisoning. A recent in vitro study found imipra-
mine to be absorbed significantly better by diosmectite com-
pared with activated charcoal [8].

In the context of TCA intoxication, seizures are likely caused 
by GABA-A receptor inhibition. GABA-agonists like benzodi-
azepines are the logical treatment of choice. In case of sei-
zures refractory to benzodiazepines, barbiturates may be used.

ILE involves the administration of a 20% lipid emulsion. The 
most widely accepted theory describing its mechanism of ac-
tion purports that lipid emulsion pulls the liposoluble drugs 
from the tissues and reduces their volume of distribution. The 
first 2 cases of ILE use in humans were published in 2006 in 
patients with cardiac arrest related to local anesthetic toxici-
ty [9,10]. ILE had also previously been shown to decrease mor-
tality in animal models of bupivacaïne overdose.

Subsequently, ILE has been used to treat intoxications with 
many other liposoluble drugs (eg calcium channel antago-
nists, beta blockers, insecticides, and TCAs). However a recent 
systematic review of the effect of ILE in non-local anesthetic 
toxicity concluded that evidence remains low to very low in 
this setting [11]. In an animal model of TCA toxicity in swine, 
ILE did not improve hypotension compared with sodium bi-
carbonate [12]. Similarly, a human cohort study including pa-
tients poisoned with tricyclics found no clinically significant 
improvement after ILE administration [13]. TCAs are lipophilic 
and considered non-dialysable. Nonetheless, dialysis contin-
ues to be used in TCA poisoning, as reported by a 2016 retro-
spective study of patients receiving dialysis for drug poison-
ing in Canada, Denmark, the United States of America, and the 
United Kingdom [14]. There are several hypotheses to explain 
why dialysis is still used, like a high absolute number of expo-
sures to these toxins, exposure to a possible co-ingestant, or 
use for purposes other than intoxication, like concomitant acute 
kidney injury [15]. In its 2014 guidelines, the extracorporeal 
treatment in poisoning (EXTRIP) workgroup recommends not 
using extracorporeal removal for TCA poisoning [16]. We report 
the use of a new and innovative approach to treat TCA intox-
ication. Extracorporeal removal has the potential of changing 
the management of TCA intoxication by tackling the problem 
at the source. Serial pre- and post-filter measurements clear-
ly show the efficacy of the CytoSorb® adsorber in removing 
imipramine, as well as its main metabolite desipramine, from 
the circulation. Desipramine is an active metabolite of imip-
ramine; 80% of imipramine is excreted by the kidneys in the 
form of inactive metabolites. In healthy individuals, elimina-
tion half-life of TCAs is about 1 day and clearance is dependent 
primarily on hepatic cytochrome P450 metabolization [17]. In 

our case, the CytoSorb® adsorber was started with some delay 
after admission. It is possible that early initiation of extracor-
poreal removal could prevent the distribution and accumula-
tion of lipophilic drugs in adipose tissue, and thus marked-
ly shorten and decrease the severity of cardiac TCA toxicity.

The CytoSorb® hemoperfusion cartridge was initially developed 
to remove cytokines and endotoxins from the blood. It was in-
tended for patients with an acute inflammatory state such as 
septic shock, infection, pancreatitis, trauma, and high-risk in-
terventions (eg, open heart surgery). The CytoSorb® cartridge 
is connected to an extracorporeal circuit like hemodialysis, con-
tinuous renal replacement therapy, or ECMO. It contains porous 
polymer beads and works by adsorbing hydrophobic substanc-
es in the 5-60 kilodalton molecular weight range. After the ear-
ly-development stages of these adsorbent hemoperfusion car-
tridges, their use in drug intoxication was envisioned. In vitro 
studies show some promise for removal of many drugs, es-
pecially lipophilic drugs not removed by hemodialysis [18]. As 
CytoSorb® was developed primarily for septic shock patients, 
most experimental and clinical data has focused on the ad-
sorption of antibiotics [19-21]. Schroeder et al published the 
only case report of CytoSorb® for intoxication from a drug oth-
er than antibiotics. They report a patient with massive venla-
faxine intoxication (18 grams) with cardiogenic shock being 
treated by ILE, ECMO, and CytoSorb®. Plasma levels of venla-
faxine decreased during treatment but no pre- and post-fil-
ter measurements evaluated the efficacy of CytoSorb® [22]. 
Adsorbent hemoperfusion devices hold promise for the re-
moval of toxic substances. There is promising in vitro data 
to support their use but further clinical studies are necessary 
to confirm patient benefit. Tables 1 and 2 show current TCA 
treatment options and mechanisms of toxicity. Thyrotoxicosis-
induced cardiomyopathy is a rare but potentially life-threaten-
ing condition that occurs in less than 1% of thyrotoxic individ-
uals [23]. In this case, the use of VA-ECMO can be considered 
as a “bridge” to recovery of cardiac function after restoration 
of a euthyroid state [23]. This is somewhat similar to our case, 
where VA-ECMO was used as a bridge to allow significant re-
duction of imipramine and desipramine by CytoSorb.

Tricyclic agents can cause more significant adverse reactions, 
have lower toxicity thresholds, and have a narrower thera-
peutic range than other classes of antidepressants. For these 
reasons, they are a second-line treatment for mood disorders 
and have been replaced by selective serotonin reuptake inhib-
itors due to their better safety profile [24]. As for other antide-
pressant agents, the first 28 days of treatment and withdraw-
al are a particular period of risk for suicide and should require 
more attention from the physician regarding any life stress, 
particularly in individuals under 25 years old [25]. Several cas-
es of antidepressant abuse have been reported, such as tak-
ing large doses to produce euphoria, dissociative effects, and 
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more sociability; however, the extent of abuse is unknown. 
Drug abusers and prisoners are particularly at risk [26]. These 
products are considered easily accessible, mainly through med-
ical prescription, but a fifth of current abusers report selling 
or distributing them [27]. In some countries, tricyclic intoxica-
tions constitute up to 10% of drug-related deaths, of which 
at least 20% are accidental [28].

Conclusions

We have reported a case of severe TCA poisoning treated 
with the CytoSorb® adsorber, with blood measurements dem-
onstrating the ability of the filter to absorb imipramine and 

Mechanism of toxicity Symptoms and signs

Presynaptic reuptake of noradrenaline and serotonin Sympathomimetic, myoclonus, hyperreflexia, hyperthermia, 
serotonergic syndrome

Fast Na+ channel blockade (class I Vaughan-William’s 
classification)

Cardiac depression, decrease in cardiac output, hypotension, 
electrocardiogram changes (QRS duration, prolonged PR, bundle 
branch bloc, dysrhythmias), seizures

K+ channel efflux blockade QTc prolongations with ventricular extra-systoles and torsade de 
pointe risk

Muscarinic receptors Ileus, confusion, hypotension, irritability, seizures, coma, urinary 
retention, dry mouth and skin, pyrexia, acute angle glaucoma

Anti-histaminic effect Sedation, coma

Alpha-adrenergic blockade Sedation, hypotension, myosis, reflex tachycardia

GABA-A receptor blockade Seizures, status epilepticus

Table 1. Mechanism of toxicity and symptoms associated with tricyclic antidepressant poisoning.

Clinical features Treatment

Respiratory depression Intubation and mechanical ventilation

Acidosis and prolonged QRS Sodium bicarbonate and alkalinization to reduce affinity of tricyclic 
antidepressants for sodium channels, targeting pH 7.45-7.55, increase 
sodium level to compete with Na+ channel blockade, with hypertonic 
saline bolus

Torsade de pointe, supraventricular and ventricular 
arrhythmia

Ensure normal levels of potassium, magnesium, lidocaine, electrical 
cardioversion

Hypotension Vasopressors, intravenous fluid boluses

Seizures, hyperthermia Benzodiazepines, general anesthesia, cooling, consider intralipid 20% 
emulsion

Life-threatening cardiac events and cardiac arrest Acute life support resuscitation, consider intralipid 20% emulsion and 
extracorporeal membrane oxygenation (ECMO), anecdotical use of 
plasmapheresis or hemodialysis but not recommended

All adverse reactions Activated charcoal to decrease further absorption of tricyclic 
antidepressants

Table 2. Clinical features and treatment options for tricyclic antidepressant poisoning.

desipramine. Further studies are necessary to evaluate the 
clinical benefit of this new treatment.
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