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1 |  INTRODUCTION

In an amitriptyline (AT) overdose case with brief cardio-
pulmonary arrest, the concentrations of AT and metabo-
lites were measured. Consequently, physiological damage 
by ischemic-reperfusion was not suggested to affect dispo-
sition of AT and nortriptyline (NT). However, the level of 

10-hydroxynortriptyline (10-OH-NT) was belatedly elevated, 
suggested as a cause of sustention of moderate cardiotoxicity.

AT overdose is frequent among tricyclic antidepressants 
(TCA)-related toxicities and more fatal than overdose of 
other antidepressants, including selective serotonin reuptake 
inhibitors and noradrenergic and specific serotonin antide-
pressants.1 Followings are the pharmacological properties 
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that are reported as toxic effects of TCA: (a) inhibition of 
norepinephrine reuptake at nerve terminals; (b) direct block-
ade of α-adrenergic receptors; (c) membrane stabilizing or 
quinine-like effect on the myocardium; and (d) anticho-
linergic action.2 Based on these effects, a patient with AT 
toxicity manifests several clinical complications including 
sinus tachycardia, prolonged QRS/QTc duration, vasodila-
tion, hypotension, cardiogenic shock, ventricular fibrilla-
tion/tachycardia, coma, drowsiness, delirium, respiratory 
depression, and others.2 These symptoms are more likely to 
occur at total blood concentrations of AT and NT >1000 ng/
mL or total concentrations of NT and 10-OH-NT >300 ng/
mL.3-5 Regarding TCA, plasma concentrations >450 ng/mL 
tend to show cognitive or behavioral toxicities6 and >2000 
or 3000 ng/mL are fatal,7,8 though therapeutic range is from 
50 to 300  ng/mL.6 Therefore, blood concentrations of AT, 
NT, and 10-OH-NT may provide useful information in as-
sessing the level of toxicity and in predicting subsequent 
clinical outcomes in patients following an AT overdose. In 
drug overdose cases, information regarding ingested dose is 
often sparse and thus a poor predictor of clinical outcome.2 
Therefore, blood concentration data for the drug in question 
is extremely valuable.

Cardiopulmonary arrest (CPA) sometimes occurs in AT 
overdose cases. The resuscitation following CPA is often ac-
companied with ischemic-reperfusion, during which reactive 
oxygen species are derived, inflicting injury to living grafts 
or cells.9 Injury to hepatocytes or intestinal tissues can result 
in dysfunctional or unusual protein expression of cytochrome 
P450 (CYP) 2C19 or CYP2D6, alteration of enterohepatic 
recirculation, or a dysfunctional elimination process, which 
can in turn affect the metabolism, distribution, and elimina-
tion of AT, NT, and 10-OH-NT, resulting in alterations in the 
overall disposition and pharmacokinetic profile.10 These al-
terations in drug disposition may also change the occurrence 
of both, the onset and duration of clinical features of toxic-
ity in patients. Nonetheless, the effect of CPA on subsequent 
drug disposition and its clinical effects are rarely investigated 
and reported, despite numerous reports of AT overdose.3,11,12

In this report, we measured the blood levels of AT, NT, 
and 10-OH-NT and evaluated the influence of CPA on the 
pharmacokinetics of these compounds in a patient who had 
taken a severe overdose of AT. We also evaluated the decon-
tamination effect of activated charcoal (AC) to evaluate its 
effects in cases such as this with CPA.

2 |  CASE DESCRIPTION

A 55-year-old man (weight, 70.1 kg) with impaired aware-
ness was found by his roommate in a warm room in his own 
house and transferred to our hospital. Rescue crews found 
280 empty pills of 25 mg AT [corresponding to a total amount 

of 7 g (99.8 mg/kg)] beside him. A urine-screening test using 
a commercial test kit (Triage® DOA, Sysmex Corp., Kobe, 
Japan) indicated TCA presence. Additionally, concurrent 
use of chlorpromazine, duloxetine, rabeprazole, trazodone, 
zolpidem tartrate, nitrazepam, and magnesium oxide was 
suspected. However, there was no evidence of excessive in-
gestion of these drugs, and the patient did not present with 
toxicity relevant to these drugs. Considering these observa-
tions and following comprehensive clinical assessments, we 
suspected that he likely ingested a massive dose of AT. The 
elapsed time of ingestion of the overdose could not be ex-
actly estimated because the patient's awareness was impaired 
and there was no information available about anyone who 
had contacted him during the 12-hours period before he was 
found. The roommate told us that she found him in a coma 
12 hours after her last contact with him. Unfortunately, we 
did not have any other means of knowing if he had any pre-
existing disorders, other than depression. His comorbidity 
and past medical history were not available. On admission, 
the Glasgow Coma Scale (GCS) score was 3 (E1; V1; M1); 
systolic/diastolic blood pressure, 101/62  mm  Hg; oxygen 
saturation, 94%; body temperature, 38.7°C; heart rate, 120/
min; respiration rate, 20/min; blood pH, 7.022; QTc inter-
val, 610 ms; and QRS interval, 270 ms (Figure 1A). Other 
relevant clinical data are included in the supporting informa-
tion (Table S1). Atrial fibrillation (AF) with ventricular ab-
erration or premature ventricular contraction, complete right 
bundle branch block, escape rhythm, and abnormal T wave 
were observed on the electrocardiogram (ECG; Figure 1A).

Immediately after admission, a CPA following 10 seconds 
of clonus occurred, and 20 minutes later, he was resuscitated; 
however, his awareness remained impaired. The patient was 
thereafter intubated and treated for shock-like hemodynamic 
status with the initiation of an infusion of 0.30 mg/h (approx-
imately 0.07  μg/kg/min) of adrenaline, 0.60  mg/h of (ap-
proximately 0.14 μg/kg/min) of noradrenaline, and 15 mg/h 
(approximately 3.60  μg/kg/min) of dopamine. Totally, 
1.1  mg/h (approximately 0.26  μg/kg/min) of adrenaline, 
0.70 mg/h (approximately 0.17 μg/kg/min) of noradrenaline, 
and 30  mg/h (approximately 7.13  μg/kg/min) of dopamine 
were administered during the subsequent 11  hours period. 
The blood was alkalized by administering sodium bicarbon-
ate (500 and 120 mL/d on the first and second hospital day, 
respectively). Additionally, 50  g of AC was repeatedly ad-
ministered (five times in total) at 3, 14, 19, 27, and 35 hours 
after admission (Figure 1). Gastrointestinal decontamination 
other than AC administration was not conducted.

Approximately 15 hours after resuscitation from CPA, the 
drastically elongated QTc and QRS intervals were shortened 
to their near-normal values (441 and 128  ms, respectively, 
Figure  1D), although their values remained near the upper 
limits of normal for several more hours. AF with ventricular 
aberration or premature ventricular contraction, nonspecific 
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intraventricular conduction delay and temporal escape 
rhythm were also observed at some time point (Figure 1C,D). 
Clinical laboratory parameters of liver and renal function 
were elevated during the initial 10 hours; subsequently, the 
parameter values reduced (Figure  S1). However, these val-
ues persistently remained at higher than normal levels, al-
though there were no significant toxic effects observed. 
Approximately 60 hours after admission, the patient's aware-
ness improved [GCS score of 14 (E4; V4; M6)]. The ECG 
showed the indications of sinus rhythm, although nonspecific 
intraventricular conduction delay was sometimes observed 
(Figure  1E). The creatinine clearance was almost normal-
ized (approximately 80 mL/min) at 72 hours after admission. 

Nutritional provision was started with a small amount of en-
teral nutrition sometime after the end of catecholamine ad-
ministration. During the 7th and 9th days of hospitalization, 
delirium was observed; however, the patient did not show any 
signed of orientation. ECG at 112 hours after admission indi-
cated that sinus rhythm was maintained (Figure 1F), although 
premature ventricular contraction was infrequently observed. 
On the 10th day, he was transferred to the medical psychi-
atry unit. In the unit, the patient reported transient suicidal 
feelings that gradually dissipated. On the 23rd day, he was 
discharged.

The plasma concentrations of AT at 14, 45, and 131 hours 
after admission and those of NT and its hydroxyl metabolites 

F I G U R E  1  Representative 
electrocardiograms obtained during 
hospitalization. (A) On admission; (B) 10 h 
later; (C) 12 h later; (D) 15 h later; (E) 60 h 
later; (F) 112 h later
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at 45 and 131 hours after admission were measured by liq-
uid chromatography-tandem mass spectrometry (Figure  2). 
Both AT and NT concentrations decreased over time after 
resuscitation following CPA. In contrast, the concentration 
of 10-OH-NT increased during this period. The elimination 
half-lives of AT and NT estimated after 45 hours of admis-
sion were approximately 35 and 89 hours, respectively.

3 |  DISCUSSION

In this overdose case with AT, AC was repeatedly admin-
istered (five times in total), following resuscitation 20 min-
utes after CPA. The subsequent concentration levels of AT 
were, then, reduced compared to the initial concentration. 
The repeated AC administration can complex with the TCA 
(doxepin) released following gradual disaggregation of the 
complex of doxepin with initially administered AC, thus sup-
pressing the subsequent absorption of parent drug and me-
tabolites secreted into the gastrointestinal tract.13 This study 
also reported the repeated dosing effect of AC was observed 
despite the delay of three or more hours in AC administra-
tion following doxepin dosing. Although the delay between 
AT ingestion and AC initiation could not be confirmed in 
our case report, the initial measured concentration of AT (ie, 
1031 ng/mL) was reduced after the repetitive AC administra-
tion. Thus, repeated AC administration and/or the clearance 
of the drug from the patient's system may have contributed 
to the reduction of AT concentrations. However, the reduc-
tion in AT concentrations between 14 and 45  hours after 

admission was extremely low (only 55 ng/mL). Additionally, 
the elimination half-life estimated from this reduction was 
approximately 390 hours, while another study on AT over-
dose patients reported a half-life of <10 hours when patients 
were treated with repeated AC administration.14 There are 
several possible reasons for the discrepancy and slight re-
duction of AT concentration, including interruption of pa-
tient's individual drug clearance because of cellular damage 
by ischemic-reperfusion; saturation of metabolic enzymes 
by the excessive amount of AT ingested; poor metabolism 
due to genetic polymorphism in CYP2C19 and CYP2D6, or 
anticholinergic suppression of elimination by AT and NT. 
Although it is unclear how the repeated AC administration 
and patient's clearance system effectively functioned, they 
may have at least partly contributed to the reduction of AT 
concentration. Thus, the further increase of the subsequent 
AT concentration would have not been shown. The repeated 
AC administration may have functioned as suppressing the 
elevation of peak concentration of AT, rather than accelerat-
ing the elimination process. Repetitive AC may have sup-
pressed the potential increase in AT levels that could occur 
if the complex formed with the initial dose of AC is disag-
gregated. Additionally, AC may have also prevented the sub-
sequent absorption/reabsorption of AT and its metabolites 
following their secretions into the gastrointestinal tract, as 
AT has been known to undergo enterohepatic circulation.14 
While further studies are needed, we suggest that repeated 
AC administration is a possible optional treatment in severe 
cases of AT overdose, even if CPA is presented and several 
hours have elapsed from the time of overdose.

F I G U R E  2  Time profiles of plasma 
levels of AT and its metabolites, QTc, QRS, 
heart rate, creatinine clearance, and blood 
pressure during the monitoring interval. 
AT, amitriptyline; NT, nortriptyline; 
10-OH-NT, 10-hydroxynortriptyline; HR, 
heart rate; Ccr, creatinine clearance; NIBP, 
noninvasive blood pressure. The black-filled 
arrows under the x-axis in top panel indicate 
AC administration at 3, 14, 19, 27, and 35 h 
after admission. The shaded area means the 
one above toxic concentration
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A significant shortening of QRS interval from 124 to 
110  ms was observed after approximately 72  hours from 
admission. Simultaneously, the total concentrations of AT 
and NT were estimated to be below the toxic range (total of 
1000 ng/mL), suggesting the importance of monitoring the 
total concentrations of AT and NT in AT overdose cases. 
However, despite the reduction in total concentrations of AT 
and NT to less than toxic levels at 110 hours after admission, 
QTc and QRS intervals remained relatively high values. The 
QRS interval, particularly, did not fall below the upper limit 
of normal (100  ms). In parallel with these cardiac effects, 
elevation of the concentration of 10-OH-NT was observed, 
although the creatinine clearance recovered to a normal level, 
suggesting that 10-OH-NT elimination was not impaired.15 A 
previous study demonstrates the cardiotoxic potential of 10-
OH-NT, although it was less toxic than NT.16 Additionally, 
the total concentrations of 10-E-hydroxynortriptyline and NT 
of  >  300  ng/mL were associated with QRS prolongation.4 
Therefore, we speculated that the high levels of 10-OH-
NT may have contributed to this sustained prolonged QTc 
and QRS intervals. Several factors may have contributed to 
the delayed elevation of 10-OH-NT concentration. One of 
these may be the genetic polymorphism in CYP2C19 and 
CYP2D6. Then, we estimated the phenotype of our patient, 
based on previous reports by Mifsud et al and Franssen et al, 
although the cases reported by Mifsud et al were treated 
with a normal dose (10 mg daily) of AT.12,17 In a case with 
a “normal phenotype” of both CYP2C19 and CYP2D6 (ie, 
case example III in the report by Mifsud et al), the metab-
olite-to-parent rate (MPR; ie, NT/AT) was reported as 0.4. 
On the other hand, the case with concomitant use of only 
CYP2C19 inhibitor (ie, omeprazole) but with normal phe-
notype in both CYP2C19 and CYP2D6 showed the MPR 
as 0.2. However, another case with “normal phenotype'” in 
CYP2C19 and CYP2D6 (ie, case example V in the report of 
Mifsud et al) and concomitant use of inhibitors for CYP2C19 
and CYP2D6 (omeprazole and paroxetine, respectively) indi-
cated an MPR as 0.7, which was close to the MPR of our case 
(calculated as approximately 0.6). AT itself has an inhibitory 
effect on both CYP2C19 and CYP2D6, although CYP2D6 
inhibition is reported to be clinically insignificant at a nor-
mal dose.6 However, in the current case, a massive dose of 
AT was ingested, suggesting that the inhibitory effect on 
CYP2D6 may have somewhat functioned. In addition, con-
sidering the similarity of MPR between ours (approximately 
0.6) and case's mentioned above (0.7), in which the patient 
had normal phenotype but was concomitantly administered 
with inhibitors for CYP2C19 and CYP2D6, our patient may 
also have possessed a normal phenotype and hers CYP2C19 
and CYP2D6 may have somewhat inhibited due to the ex-
tremely high dose of AT. We also considered the possibil-
ity that the patient was a rapid metabolizer of CYP2C19, 
and this rapid activity was suppressed to normal levels due 

to the inhibitory effect of the large amount of AT ingested. 
However, as shown in case example I reported by Mifsud et al, 
the rapid metabolizer of CYP2C19 indicated a high MPR of 
2.0, despite receiving a concurrent CYP2C19 inhibitor (ie, 
omeprazole). Therefore, with regard to CYP2C19, our pa-
tient (with MPR of 0.6) was not considered to correspond to 
a rapid metabolizer. Regarding CYP2D6, we focused on the 
ratio of 10-OH-NT/NT. In our case study, the ratio was cal-
culated to be approximately 1.4 at 45 hours after admission, 
which was relatively close to the estimated one in case exam-
ple III (approximately 3.5) and example IV (approximately 
2.0) in the report by Mifsud et al17 In these two cases, the 
CYP2D6 and CYP2C19 phenotypes both identified as nor-
mal, although the case example IV concomitantly received 
a CYP2C19 inhibitor (omeprazole). Another case (case ex-
ample V in the report by Mifsud et al) with concurrent use of 
CYP2D6 inhibitor (paroxetine) indicated a lower 10-OH-NT/
NT ratio (approximately 0.3), while a different case with ul-
tra-rapid metabolism in CYP2D6 indicated a higher 10-OH-
NT/NT ratio (approximately 8.0). These estimates were far 
from the 10-OH-NT/NT ratio in our patient. Taken together, 
our analysis indicates that the patient may have possessed a 
“normal phenotype” in CYP2D6 as well. Levels of AT and 
its metabolite (ie, NT) following AT overdose may inhibit 
both CYP2C19 and CYP2D6 in the initial phase. Then, as 
concentrations of AT and NT decreased with time, the inhib-
itory effects on CYP may have gradually weakened, while 
concentrations of 10-OH-NT may have been elevated in a 
delayed manner. Besides, other factors including saturation 
of metabolic enzymes, dysfunction of metabolic enzymes or 
elimination systems by ischemic-reperfusion damage, insuf-
ficient alkalization of urine or anticholinergic effect of AT, 
might have contributed in a complex manner to the delayed 
elevation of 10-OH-NT levels. Although some potential 
drugs that inhibit CYP2C19 (ie, duloxetine and chlorprom-
azine) seemed to have been prescribed, their inhibitory ef-
fects can be ignored because there was no evidence of their 
massive ingestion, and the patient did not present relevant 
toxic effects. The delayed elevation of 10-OH-NT levels over 
100 hours after admission was also indicated in a fatal case 
with AT overdose by Franssen et al,12 supporting our finding. 
Monitoring the level of 10-OH-NT may also be favorable, 
if possible, in severe AT overdose cases because it has toxic 
effects on cardiac function and its concentration can be ele-
vated in later.

In this case report, the elimination half-life of AT and NT 
was calculated to be approximately 34 and 88 hours, respec-
tively, from the levels measured at 45 and 131 hours. A pre-
vious study reported that the elimination half-lives of nine 
cases with AT overdose ranged from 15 to 43 hours in patients 
treated with gastric lavage and 50 g of AC.18 Even at normal 
doses, the elimination half-life of AT is reported to range from 
10 to 46 hours.6 The elimination half-life of AT (ie, 45 hours) 
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in our patient was approximately same with the ones reported. 
For NT in the case with normal dose, elimination half-life has 
been reported to range from 13 to 90 hours, although shorter 
in ultra-metabolizers (13-35 hours).6 A case of NT overdose 
reported an elimination half-life of 50 hours based on levels 
measured from 50 to 110 hours after admission,12 whereas an-
other case showed a half-life of 184 hours and sustained ele-
vated levels of NT (468 ng/mL) until 6 days after admission.19 
Although both previous overdose cases were not treated with 
AC, the elimination half-life of NT (ie, 88 hours) in our pa-
tient treated with AC was compatible with the reported ones. 
The elimination half-life of 10-OH-NT could not be calculated 
in this study because its elimination phase was not observed 
during our evaluation period, although its half-life has been 
reported to be approximately 8-10 hours.20 Thus, taken these, 
the damage, possibly induced by ischemic-reperfusion, would 
have not induced any meaningful anomalous effect on the 
disposition of AT or NT, despite physiological damage was 
suspected by the sustained elevation of lactate dehydrogenase 
(Figure S1).21,22 As long as CPA is recovered within approxi-
mately 20 minutes, as seen in our study, and appropriate treat-
ment is provided, a patient with AT/NT overdose can survive 
and be managed clinically.

4 |  CONCLUSION

It would be desired to monitor not only the concentration of 
AT and NT but also those of its hydroxyl metabolites, es-
pecially in severe AT/NT overdose because 10-OH-NT has 
toxic effects on cardiac function and its blood concentration 
can increase behind the reduction of AT and NT concentra-
tions. Although further studies are needed, repeated AC ad-
ministration may be a possible optional treatment in severe 
cases of AT overdose, even after several hours have elapsed 
from overdose. If the patient experiences CPA, as long as ap-
propriate treatment is provided, AT/NT-poisoned patient can 
survivable and may be clinically managed like a typical AT/
NT overdose case. These experiences would be beneficial for 
other workers if they encounter a similar AT overdose case 
with CPA.
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