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Abstract
Introduction Amlodipine is a dihydropyridine calcium
channel blocker used in the treatment of hypertension and
angina pectoris. Toxic effects reported from amlodipine
include hypotension, reflex tachycardia, metabolic acidosis,
and pulmonary edema. We report a rare fatality in an infant
after ingestion of amlodipine with benazepril, with postmor-
tem blood concentrations.
Case report An 11-month-old, 10.88-kg boy ingested 10 to
45 mg amlodipine with 40 to 180 mg benazepril. No action
was taken initially because the parents believed only one or
two capsules had been ingested. A later count revealed a
maximum of nine capsules missing. The child was observed
at home and vomited once with possible capsule fragments.
Forty-five minutes post-ingestion, the child was noted to be
suddenly unresponsive and was brought the local emergency
department by a private vehicle. Upon arrival (90 min post-
ingestion), the child was unresponsive with the following vital
signs HR 133 bpm, BP 67/42 mmHg, respiratory rate 40/min,
and temperature 97.5°F. Pertinent abnormal laboratory values
were HCO3 13 mmol/l and glucose 302 mg/dl. The child was
placed on oxygen via a non-rebreather mask and was intu-
bated 45 min post-arrival. The patient became progressively

bradycardic, and 55 min after arrival, the patient was in
asystole with no palpable blood pressure. Resuscitation
measures included chest compressions, epinephrine atropine,
sodium bicarbonate, and calcium gluconate. Rescue insulin
therapy was begun with 4 units IVP followed by 10 units per
hour. Resuscitation efforts persisted for 1 h without success.
An autopsy revealed pulmonary edema and no gross or mi-
croscopic evidence of natural disease. Stomach contents
revealed food matter with small white fragments. Analysis
of postmortem heart blood showed amlodipine 1,300 ng/ml
(therapeutic <20 ng/ml). Benazepril levels were not available.
Discussion We believe this is the first reported fatality in an
infant from amlodipine. While benazepril may have contrib-
uted, ACE inhibitors have not been previously associated
with rapid cardiovascular collapse.
Conclusion Small doses of amlodipine (0.9 to 4.1 mg/kg) may
produce rapid and fatal cardiovascular collapse in an infant.
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Introduction

Amlodipine is a dihydropyridine calcium channel blocker
(CCB) used in the treatment of hypertension and angina
pectoris [1]. As a second-generation dihydropyridine, amlo-
dipine is more lipid soluble than the first-generation CCB
(e.g., nifedipine) with a longer half life (30 to 55 h). The
slow clearance and long duration has allowed for once a day
dosing. In animal studies, toxicity and death have occurred
at doses equal to or greater than 4 mg/kg. The dihydropyr-
idine group of CCB shows greater selectivity for vascular
calcium channels compared with cardiac cells with a lack of
negative ionotropic effects at therapeutic dosing. Toxic
effects reported from amlodipine include hypotension, reflex
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tachycardia, metabolic acidosis, and pulmonary edema [2–4].
We report a fatal overdose in an infant with postmortem
amlodipine concentrations.

Case Report

An 11-month-old, 10.9-kg, previously healthy male arrived
unresponsive to the emergency department (ED). The mother
reported that the child was found at home with his grand-
mother’s pill bottle approximately 90 min earlier. Initially, it
was believed the child could have only ingested one to two
pills of Lotrel 5/20 ® (amlodipine 5 mg/benazepril 20 mg),
and it was decided by the family that the child will be mon-
itored closely at home. A later pill count in the ED revealed up
to nine pills missing. Approximately 45 min after ingestion,
while still at home, the child vomited white material with
possible capsules, became unresponsive, and was transported
to the ED via a private vehicle. During transport, periods of
apnea were noted by the family.

On physical exam, the child had the following vital signs:
heart rate 133 bpm, blood pressure 67/42 mmHg, respirations
40/min, and temperature 97.5 F. The patient was lethargic,
cyanotic, and responded with cry when stimulated. The
patient’s airway was open with clear and equal breath sounds
on auscultation. Cardiac examination revealed tachycardia
with no murmurs, rubs, or gallops. The abdomen was soft

with no guarding. There were no signs of trauma. The patient
was placed on a non-rebreather mask with 100% oxygen. An
initial point of care/finger stick revealed a blood glucose of
339mg/dl. A complete blood count, comprehensivemetabolic
panel, coagulation studies, and urinalysis were obtained. Lab-
oratory results were unremarkable except for a serum bicar-
bonate of 13 mmol/L and glucose of 302 mg/dl. There was no
history of diabetes. The patient’s condition deteriorated short-
ly after arrival and preparations were made for transfer to a
tertiary facility. No further labs were obtained due to the
anticipated rapid transfer. Forty-five minutes after arrival,
respirations became agonal and the patient was intubated.
The poison control center was contacted for recommenda-
tions. The patient became progressively bradycardic, and
55 min after arrival, the patient was in asystole with no
palpable blood pressure. Resuscitation efforts included chest
compressions, epinephrine (0.1 mg ×3), atropine (0.2 mg ×2),
sodium bicarbonate (20 meq ×2), and calcium gluconate
(100 mg ×1). During resuscitation, approximately 30 min into
the code, the patient received a bolus of insulin 4 units IV push
(0.36 units/kg) followed by an infusion of 10 units/hour and
epinephrine infusion in normal saline at 0.65 mg/h. During
resuscitation, a point of care/finger stick revealed a blood
glucose of 224 mg/dl. The patient did not respond to these
measures and died 2 h after arrival.

An autopsy revealed pulmonary edema with intra-
alveolar hemorrhage without evidence of natural disease or

Table 1 Amlodipine ingestions with reported blood levels and outcome

Age and gender Peak serum
amlodipine level

Reported dose
ingested

Outcome

11-month-old male 1,300 ng/ml 10 to 45 mg 0.9 to
4.1 mg/kg

Fatality, hypotension, tachycardia, refractory
shock

Present case

63-year-old female 185 ng/ml 70 mg Fatality, hypotension, bradycardia, ventricular
dysrhythmias, refractory shock after 24 h

Koch et al. [8]

50-year-old male 2,300 ng/ml (postmortem) Unknown Fatality, no clinical details available Johansen et al. [11]

15-year-old female 2,700 ng/ml (postmortem) 140 mg Fatality, hypotension, tachycardia Cosbey et al. [6]

44-year-old male 2,400 ng/ml (postmortem
heart blood)

Unknown Fatality, no clinical details available Sklerov [10]

66-year-old female 870 ng/ml (postmortem
peripheral blood)

Unknown Fatality, no clinical details available Sklerov [10]

950 ng/ml (postmortem
heart blood)

Not listed 940 ng/ml Unknown Fatality, also found velafaxine citalopram Linnet et al. [9]

76-year-old male 67 ng/ml 100 mg Survived, hypotention, acute renal failure,
pulmonary edema

Adams et al. [2]

43-year-old male 143 ng/ml 350 mg Survived, tachycardia Poggenborg et al. [13]

42-year-old male 393 ng/ml 1,000 mg Survived, hypotension, reduced ventricular
ejection fraction, pulmonary edema

Vogt et al. [14]

42-year-old female 88 ng/ml 50–100 mg Survived, hypotension, tachycardia,
pulmonary edema

Staneck et al. [15]

22-year-old female 150 ng/ml 425 mg Survived, hypotension, tachycardia, third degree
AV block, acute renal failure

Ezidiegwu et al. [16]

37-year-old male 130 ng/ml 6.7 mg/kg Survived, hypotension, bradycardia, third degree
AV block, also ingested atenaolol and alprazolam

Yuan et al. [23]
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trauma. The patient’s stomach contents contained less than
1/4 cup of partially digested food and small white fragments
(indefinite for pill fragment). The postmortem amlodipine
heart blood level was reported as 1,300 ng/ml. There were
no other drugs or alcohol detected. Benazepril levels were
not available.

Results and Discussion

There have been no previous reports of a fatal outcome after
amlodipine ingestion in a young child [3, 5]. Previous
reported fatalities have occurred following intentional over-
doses with suicidal intent; primarily in adults with a single
pediatric fatality related to amlodipine overdose in a
15-year-old female [6–11] (see Table 1). The postmortem
heart blood amlodipine concentration in our patient was
1,300 ng/ml. This level is in the range of previous postmortem
amlodipine concentrations after intentional large ingestions
[6–11] (Table 1). Therapeutic levels of amlodipine are reported
to be 1 to 24 ng/ml [1, 9, 12]. Cases of amlodipine intoxication
with survival reported amlodipine concentrations ranging from
67 to 393 ng/ml [2, 13–16]. Postmortem blood levels may not
reflect circulating antemortem levels [17]. It is unknown if
there is any significant postmortem redistribution with amlodi-
pine. Although it is still unclear as to the amount of amlodipine
ingested by our patient, the blood level suggests it was more
than one capsule. The child in this case was initially believed to
have ingested anywhere from 5–10 mg, but a pill count in the
ED showed up to nine capsules (45 mg amlodipine) were
missing from the pill bottle. Peak concentrations after thera-
peutic doses occur between 6 and 8 h post-ingestion and may
be longer in overdose [1, 8]. Our patient died prior to normal
peak concentrations post-oral ingestion, suggesting that the
postmortem blood level may not represent all of the amlodipine
ingested by the child. Previous reports of the amounts ingested
in adult fatalities range from 70 to 140 mg; however, the dose
ingested in four of six cases is unknown. The reported ingested
dose in surviving patients ranges widely from 50 to 1,000 mg.
A recent study recommends that any child under the age of 6
with an ingestion of amlodipine greater than 2.5 mg should be
seen in the ED [3].

Two features of note in this case are the delay in presenta-
tion and the rapid cardiovascular collapse. It is unclear if
earlier presentation would have allowed GI decontamination
procedures such as activated charcoal to reduce absorption of
the amlodipine or high-dose insulin therapy to be effective.
The reported cases of survivors of amlodipine overdose were
treated with aggressive fluid support as well as early vasopres-
sor initiation [13–15]. Therapy for CCB toxicity has not been
well established [18, 19]. Due to the lipophilic nature of amlo-
dipine, lipid emulsion rescue therapy may have a role in future
therapy. Lipid emulsion therapy has been used successfully in

another lipid-soluble CCB verapamil in the presence of
arrhythmias and refractory hypotension [20–22].

A number of features in this case are supportive of
amlodipine as the primary cause of death. The initial hyper-
glycemia is suggestive of a calcium channel antagonist
suppression of insulin release. The initial metabolic acidosis
is likely related to poor peripheral perfusion with subsequent
lactate production. The tachycardia on presentation was
likely a reflex cardiac response to initial peripheral vasodi-
latation, which ultimately progressed to bradycardia with
refractory hypotension. Finally, the case presentation and
postmortem blood levels are consistent with previous amlo-
dipine ingestions [6–11]. While benazepril was a coingest-
ant, we believe it was not a significant factor. There have
been no previous reports of bradycardia with refractory
hypotension in children from benazopril or other ACE
inhibitors.

In summary, we report a case of rapid cardiovascular
collapse and fatal outcome after amlodipine ingestion in an
infant. Small doses of amlodipine (0.9 to 4.1 mg/kg) may
produce rapid and fatal cardiovascular collapse in an infant.
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