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CASE STUDY

Electrocardiographic changes caused 
by lithium intoxication in an elderly patient
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Abstract 

Lithium intoxication can cause serious cardiac toxicity and is associated with electrocardiogram (ECG) changes. This 
paper described a case of a 76-year-old man who was lithium intoxicated and showed a variety of ECG abnormali-
ties including sinus bradycardia, rapid atrial fibrillation, second-degree atrioventricular block and T wave changes. We 
monitored his ECGs during the after 3 days consecutively. After hemodialysis, his ECG abnormalities partially eased 
along with his serum lithium concentration decreased.
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Background
Generally, lithium is used as antimanic or mood-sta-
bilizer, which has a narrow therapeutic range (0.8–
1.2  mmol/L) (Griswold and Pessar 2000). Lithium 
overdose may induce various electrocardiographic (ECG) 
changes, such as junctional bradycaridia, complete heart 
block, first-degree atrioventricular block (Altinbas et  al. 
2014; Kayrak et al. 2010a; Singh et al. 2014). In addition, 
lithium-induced sinus node dysfunction has even been 
reported in its therapeutic range (Shetty et  al. Shetty 
et al. 2013). Thus, individuals with underlying heart dis-
eases are at higher risk even maintained with a dose of 
approximately 900–1200  mg/day (Griswold and Pessar 
2000). We hereby reported a case of an elderly patient 
who was intoxicated severely after a long term of lithium 
treatment, his ECGs showed multiple changes including 
obvious sinus bradycardia, rapid atrial fibrillation, sec-
ond-degree atrioventricular block, and T wave changes.

Case description
The patient was a 76-year-old man who had a history 
of manic for 10  years, and had been treated with per-
phenazine in dose of 4–8 mg/day and lithium in dose of 

500 mg/day for nearly 5 years. He had also suffered from 
hypertension for 30 years, which was well controlled by 
losartan 50 mg/day. One night a month ago, he became 
restless, irritable and full of self-praise. His hyperactiv-
ity and elevated mood were considered as the relapse of 
manic firstly. Then, we gave him lithium 1.0  g/day, per-
phenazine 14 mg/day and benzhexol 4 mg/day.

Four days before hospitalization, the patient presented 
anorexic and ataxic symptoms, but none of his depend-
ents noticed that until he was unable to walk over the 
next 2  days. He was brought to emergency department 
for his limbs tremor and consciousness alert at night. On 
arrival, his vital signs were normal, but the laboratory 
test showed that his serum lithium concentration was 
5.0 mmol/L, which indicated that he was severe lithium 
intoxication. Immediately, he was treated with hemo-
dialysis. During the therapeutic process his heart rate 
dropped to 20 bpm, and ECG showed obvious sinus brad-
ycardia, sinus arrest, ventricular escape, ST-T segment 
changes (Fig.  1a). After an administration of vasoactive 
drugs (dopamine 400 mg, aramine 100 mg, isoprenaline 
2 mg), his heart rate was maintained between 45–55 bpm, 
and ECG showed atrial fibrillation(Fig.  1b), supraven-
tricular tachycardia and spontaneous cardioversion.

After hemodialysis, the serum lithium concentration 
of this patient dropped to 1.3  mmol/L and the patient 
remained unresponsive to verbal stimulation, incoher-
ent speech and high muscular tension. His ECG showed 
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sinus arrhythmia (Fig. 1c), second-degree atrioventricular 
block, and junctional escape rhythm (Fig. 2). Hemodialy-
sis had been maintained for 5 days. Over the next 3 days, 
his ECG showed that there were no obvious abnor-
malities except for T wave changes in the anterior leads 
(Fig.  3). The cardiac enzymes, serum potassium, serum 
calcium and renal clearance of this patient were within 
normal levels during his hospitalization. Seven days later, 
his symptoms were significant alleviated, his neurological 
examinations were all normal and orientation recovery.

Discussion and evaluation
Lithium is now widely used for the treatment of schizoaf-
fective disorder, depression, and bipolar disorder. Despite 
the clinical efficacy of lithium is known to all, however, 
we must use it with caution due to its narrow therapeu-
tic index. Lithium intoxication can result in multisystem 
toxicity (Kansagra et  al. 2014), just like Table  1 (Aruna 
2009).

Beyond signs and symptoms above, the side effects of 
cardiac of lithium can be seen in a wide range of plasma 

concentrations (Mitchell and Mackenzie 1982; Waring 
2007), there are kinds of ECG changes can be induced by 
lithium like Table  2 (Kayrak et  al. 2010a; Mamiya et  al. 
2005; Mateer and Clark 1982; Mitchell and Mackenzie 
1982; Oudit et  al. 2007; Shetty et  al. 2013; Singh et  al. 
2011).

Lithium is absorbed by gastrointestinal tract and is 
distributed in extracellular fluid initially. The elimina-
tion of lithium is exclusively by renal. Use of diuretic, 
renal impairment and hypertension patients with low salt 
diet all may impede the elimination of lithium, and lead 
to lithium accumulation in various tissues. The risk fac-
tors of lithium intoxication were diabetes insipidus, over 
50  years old, hypothyroidism and deterioration in renal 
function (Behl et al. 2015; Shine et al. 2015). In this case, 
the patient had no hyponatremia and his renal clearance 
was normal. We speculated that his lithium intoxication 
was an acute-on-chronic ingestion of lithium. Because he 
was anorexic for several days, dehydration may result in 
unintentional lithium accumulation. Meanwhile, losar-
tan is a kind of angiotensin-converting enzyme (ACE) 

Fig. 1  Electrocardiographic changes at lithium level of 5.0 mmol/L. a presented sinus bradycardia, sinus arrest, ventricular escape, ST-T segment 
changes, b presented rapid atrial fibrillation, intraventricular aberrant conduction, abnormal anteroseptal Q wave, c presented sinus arrhythmia, 
atrial escape, intraventricular block, ST-T segment changes
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inhibitors which can enhance lithium serum levels by 
increasing renal reabsorption in the proximal tubule 
(Haussmann et  al. 2015). Specifically, ACE inhibi-
tors can induce an acute natriuretic effect in rats or 
humans, which could lead to sodium depletion during 
chronic treatment with losartan. Meanwhile, a negative 
sodium balance is known to increase lithium reabsorp-
tion in renal (Aruna 2009). In addition, this patient also 
have perphenazine 14 mg/day before hospitalization for 

lithium together with little doses of antipsychotics can 
control the manic episode rapidly (Bowden 2004; Chou 
et al. 1999; Hollister 1972), as perphenazine is a kind of 
antipsychotics, and there is evidence that patients treated 
with lithium and antipsychotics had lower concentrating 
capacity than treated with lithium alone in renal, so it will 
increase the blood concentrations of lithium indirectly 
(Bucht and Wahlin 1980). Meanwhile, as Finley said in 
his report (Finley et al. 1995), patients treated with both 

Fig. 2  Electrocardiographic changes at lithium level of 1.3 mmol/L, second-degree atrioventricular heart block, junctional escape rhythm

Fig. 3  Electrocardiographic changes at lithium level of 1.1 mmol/L, sinus rhythm, T wave changes

Table 1  Signs and symptoms of lithium intoxication in three degrees

Degree of intoxication Signs and symptoms

Mild intoxication Nausea/vomiting, diarrhea, drowsiness, lethargy, coarse hand tremor, and muscular weakness

Moderate intoxication Nystagmus, ataxia, confusion, and myoclonus

Severe intoxication Seizures, impaired consciousness, coma, and death

Table 2  ECG changes induced by lithium

ECG changes

Induced by lithium in a wide range of plasma concentrations Dysfunction of sinus node

Nonspecific T-wave flattening

ST segment elevation

Prolonged QT interval

Ventricular tachycardia or ventricular fibrillation
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lithium and an antipsychotic will have a neurotoxic reac-
tion, and this neurotoxicity may be accounted for solely 
by the use of lithium (Ayd 1975). In a word, together with 
the negative influence of losartan and perphenazine, 
these two medicines may contribute to the lithium intox-
ication of this patient. Together with the matters above, 
Elderly and comorbid hypertension might also contrib-
uted to the development of lithium intoxication.

It had been proved that lithium is one of the most read-
ily dialyzable toxins (Okusa and Crystal 1994), for its 
small volume of distribution, water solubility, and insig-
nificant protein binding, which determined that hemo-
dialysis can achieve far superior lithium clearance rates 
compared to other detoxification methods (Bayliss 2010). 
So, hemodialysis is highly effective in clearing lithium 
from the extracellular fluid and is recommended for 
the treatment of severe lithium intoxication (Goel et  al. 
2015). If the intoxication is founded on a chronic basis, 
hemodialysis may not gain such good outcome because 
lithium from intracellular fluid diffuses slowly to extra-
cellular fluid. Whole-bowel was not given because the 
amounts of lithium remaining in the gastrointestinal 
track count for little in an acute-on-chronic intoxication 
case (Joshua et al. 2008).

In this case, the patient showed both ST-T segment 
changes and sinus arrest, he was ruled out for myocar-
dial infarction and we found no abnormalities of serum 
potassium and calcium. We inferred several mechanisms 
might be concerned with lithium-related ECG changes. 
First, the competition of lithium with sodium, potassium, 
calcium, and magnesium ions could affect fluids and 
salts balance. Lithium’s interaction with sodium–calcium 
exchanger and Na/K pump could induce the physiology 
of cellular membrane changed. Lithium can decrease the 
intracellular potassium concentration, replace intracellu-
lar calcium and cause hypercalcemia (Albert et al. 2013), 
reduce the depolarization rate and electrical impulse 
propagation, and induce various ECG changes especially 
those related to the process of myocardial repolarization 
such as nonspecific ST segment and T wave changes. 
Second, lithium can also induce the sinus node dysfunc-
tion via its blockade of the voltage-gated sodium chan-
nels, which would decrease the sensitivity of the sinus 
node to sympathetic stimulation and therefore increase 
the incidence of impulse generation failure (sinus arrest) 
(Kayrak et al. 2010b; Talati et al. 2009), which explain the 
sinus arrest in this patient. Because lithium from intracel-
lular fluid can diffuses slowly to extracellular fluid, hemo-
dialysis for this patient had been maintained for 5 days to 
prevent ‘rebound’ of lithium concentrations (Canan et al. 
2008), and his ECGs normalized along with the serum 
lithium level decreased. Thus, we considered that his 
ECG changes were associated with lithium overdose.

We didn’t give him lithium salts any more for the rea-
son of he was 76-year-old, and had a history of lithium 
intoxication, we gave him depakine 500 mg/day, olanzap-
ine 1.25 mg/day instead, 5 years later, he is in stable con-
dition, and have no adverse reaction.

Conclusions
In conclusion, we should bear in mind that lithium may 
interact with kinds of medicine, and result in various 
consequences; Various of ECG changes could be asso-
ciated with lithium intoxication especially in elderly 
patients. It is important that the early measurement of 
serum lithium level both in emergency department and 
out-patient department is a good prevention for lithium 
intoxication.

Abbreviations
ECG: electrocardiogram; ACE: angiotensin-converting enzyme.

Authors’ contributions
YPC and RSY conceived and designed the study. LLZ, WBL, HCL performed 
the experiments. SHY, QZC, BP, HLY analyzed the data. YPC and RSY wrote the 
paper. All authors read and approved the final manuscript.

Author details
1 Department of Psychiatry, Second Affiliated Hospital, Zhejiang University 
School of Medicine, 310009 Hangzhou, Zhejiang, China. 2 Department of Radi-
ology, Second Affiliated Hospital, Zhejiang University School of Medicine, 
310009 Hangzhou, Zhejiang, China. 

Acknowledgements
At the point of finishing this paper, I’d like to express my sincere thanks to all 
those who have lent me hands in the course of my writing this paper. First of 
all, I’d like to take this opportunity to show my sincere gratitude to my teacher, 
Dr. Risheng Yu, who has given me so much useful advices on my writing, 
and has tried his best to improve my paper. Secondly, I’d like to express my 
gratitude to my working staff who offered me references and information on 
time. Without their help, it would be much harder for me to finish my study 
and this paper.

Competing interests
The authors declare that they have no competing interests. The authors 
declare that the patient has given consent to publish the study.

Received: 11 August 2015   Accepted: 9 December 2015

References
Albert U, De Cori D, Aguglia A, Barbaro F, Lanfranco F, Bogetto F, Maina G 

(2013) Lithium-associated hyperparathyroidism and hypercalcaemia: a 
case-control cross-sectional study. J Affect Disord 151(2):786–790

Altinbas K, Guloksuz S, Caglar IM, Caglar FN, Kurt E, Oral ET (2014) Electro-
cardiography changes in bipolar patients during long-term lithium 
monotherapy. Gen Hosp Psychiatry 36(6):694–697

Aruna (2009) Lithium toxicity secondary to Lithium–Losartan interaction. J 
Pharm Technol 25:89–93

Ayd FJ (1975) Lithium-haloperidol formulation: is it safe or hazardous? Int Drug 
Ther Newsl 10:29–36

Bayliss G (2010) Dialysis in the poisoned patient. Hemodial Int 14(2):158–167
Behl T, Kotwani A, Kaur I, Goel H (2015) Mechanisms of prolonged lithium 

therapy-induced nephrogenic diabetes insipidus. Eur J Pharmacol 
755:27–33



Page 5 of 5Chen et al. SpringerPlus  (2016) 5:10 

Bowden CL (2004) Making optimal use of combination pharmacotherapy in 
bipolar disorder. J Clin Psychiatry 65(Suppl 15):21–24

Bucht G, Wahlin A (1980) Renal concentrating capacity in long-term 
lithium treatment and after withdrawal of lithium. Acta Med Scand 
207(4):309–314

Canan F, Kaya A, Bulur S, Albayrak ES, Ordu S, Ataoglu A (2008) Lithium intoxi-
cation related multiple temporary ECG changes: a case report. Cases J 
1(1):156

Chou JC, Czobor P, Charles O, Tuma I, Winsberg B, Allen MH, Trujillo M, Volavka 
J (1999) Acute mania: haloperidol dose and augmentation with lithium or 
lorazepam. J Clin Psychopharmacol 19(6):500–505

Finley PR, Warner MD, Peabody CA (1995) Clinical relevance of drug interac-
tions with lithium. Clin Pharmacokinet 29(3):172–191

Goel S, Nasa P, Gupta A, Gupta R, Taneja S (2015) Lithium overdose: early 
hemodialysis is the key! Saudi J Kidney Dis Transpl 26(1):122–124

Griswold S, Pessar F (2000) Management of bipolar disorder. Am Fam Physician 
62(1343–1353):1357–1358

Haussmann R, Bauer M, von Bonin S, Grof P, Lewitzka U (2015) Treatment of 
lithium intoxication: facing the need for evidence. Int J Bipolar Disord 
3(1):23

Hollister LE (1972) Mental disorders—antipsychotic and antimanic drugs. N 
Engl J Med 286(18):984–987

Joshua P, Jason H, Jacquelyn E, William P, William M (2008) Lithium overdose 
with electrocardiogram changes suggesting ischemia. J Med Toxicol 
4(3):170–172

Kansagra AJ, Yang E, Nambiar S, Patel PS, Karetzky MS (2014) A rare case of 
acute respiratory distress syndrome secondary to acute lithium intoxica-
tion. Am J Ther 21(2):e31–e34

Kayrak M, Ari H, Duman C, Gul EE, Ak A, Atalay H (2010a) Lithium intoxication 
causing ST segment elevation and wandering atrial rhythms in an elderly 
patient. Cardiol J 17(4):404–407

Kayrak M, Duman C, Gul EE, Sonmez O, Kaya Z, Ari H (2010b) A bizarre electro-
cardiographic pattern due to chronic lithium therapy. Ann Noninvasive 
Electrocardiol 15(3):289–292

Mamiya K, Sadanaga T, Sekita A, Nabeyama Y, Yao H, Yukawa E (2005) Lithium 
concentration correlates with QTc in patients with psychosis. J Electrocar-
diol 38(2):148–151

Mateer JR, Clark MR (1982) Lithium toxicity with rarely reported ECG manifesta-
tions. Ann Emerg Med 11(4):208–211

Mitchell JE, Mackenzie TB (1982) Cardiac effects of lithium therapy in man: a 
review. J Clin Psychiatry 43(2):47–51

Okusa MD, Crystal LJ (1994) Clinical manifestations and management of acute 
lithium intoxication. Am J Med 97(4):383–389

Oudit GY, Korley V, Backx PH, Dorian P (2007) Lithium-induced sinus node 
disease at therapeutic concentrations: linking lithium-induced blockade 
of sodium channels to impaired pacemaker activity. Can J Cardiol 
23(3):229–232

Shetty RK, Vivek G, Parida A, Chetty S (2013) Lithium-induced sinus 
node dysfunction at therapeutic levels. BMJ Case Rep. doi:10.1136/
bcr-2012-008107

Shine B, McKnight RF, Leaver L, Geddes JR (2015) Long-term effects of lithium 
on renal, thyroid, and parathyroid function: a retrospective analysis of 
laboratory data. Lancet 386(9992):461–468

Singh LK, Praharaj SK, Munda SK, Khess CR (2011) Lithium-induced sinus node 
dysfunction at therapeutic serum levels. Natl Med J India 24(3):151–152

Singh M, Kaur S, Sehgal VK (2014) Comparative study of electrocardiographic 
changes in patients of acute mania receiving verapamil or lithium car-
bonate. J Clin Diagn Res 8(12):8–11

Talati SN, Aslam AF, Vasavada B (2009) Sinus node dysfunction in association 
with chronic lithium therapy: a case report and review of literature. Am J 
Ther 16(3):274–278

Waring WS (2007) Delayed cardiotoxicity in chronic lithium poisoning: discrep-
ancy between serum lithium concentrations and clinical status. Basic Clin 
Pharmacol Toxicol 100(5):353–355

http://dx.doi.org/10.1136/bcr-2012-008107
http://dx.doi.org/10.1136/bcr-2012-008107

	Electrocardiographic changes caused by lithium intoxication in an elderly patient
	Abstract 
	Background
	Case description
	Discussion and evaluation
	Conclusions
	Authors’ contributions
	References




