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Prolonged severe hypotension following combined amlodipine 
and valsartan ingestion

Hypotension after amlodipine and valsartanSILAS W. SMITH1,2, KATHY L. FERGUSON3, ROBERT S. HOFFMAN1,2, LEWIS S. NELSON1,2, and 
HOWARD A. GRELLER3

1New York City Poison Control Center, New York, New York, USA
2New York University School of Medicine, Department of Emergency Medicine, New York, New York, USA
3North Shore University Hospital, Department of Emergency Medicine, Manhasset, New York, USA

Introduction. Compared to other calcium channel blockers (CCBs), overdose with dihydropyridine CCBs are considered relatively benign
due to their vascular selectivity. Although not a sustained-release preparation, amlodipine’s prolonged duration of effect is concerning
following overdose. In addition, angiotensin II receptor blocker blunting of vasoconstrictive and sympathetic compensatory responses
could exacerbate calcium channel blocker toxicity. We describe severe toxicity associated with an overdose of amlodipine and
valsartan. Case Report. A 75-year-old woman presented to the ED 45 minutes after a witnessed suicidal ingestion of a “handful” of
amlodipine and valsartan tablets. Hypotension, which appeared two hours after ingestion, was refractory to crystalloids and colloids,
calcium gluconate, epinephrine, norepinephrine, phenylephrine, and vasopressin infusions. High-dose insulin euglycemia (HIE) therapy,
and treatment with glucagon and naloxone were successful in improving her hemodynamic status. In this combined overdose, right heart
catheterization demonstrated both negative inotropic effects and decreased systemic vascular resistance. Conclusion. Co-ingestion of
amlodipine with valsartan produced profound toxicity. Early institution of HIE therapy may be beneficial to reverse these effects.
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Introduction

Calcium channel blockers (CCBs) lead fatalities among car-
diovascular drug exposures, accounting for 30% of cardio-
vascular drug deaths reported to the AAPCC (1). Amlodipine
is often favored clinically over other CCBs for its vascular
selectivity and relative lack of negative inotropy, once-daily
dosing, and prolonged duration of effect (up to 72 hours) (2).
In overdose, the delayed onset and prolonged duration of
effect are particularly concerning, as elevated blood concen-
trations can persist for days (3). Additionally, selectivity can
be lost in overdose (4).

Angiotensin II receptor blocker (ARB) binding at the AT1
receptor inhibits angiotensin II–mediated vasoconstriction,
sympathetic activation, peripheral noradrenergic transmission,
baro-receptor desensitization, endothelin release, renal sodium
reabsorption, adrenal cortical aldosterone release, and nitrous
oxide destruction (5,6). ARBs and ACE inhibitors (ACE-Is)
blunt the endogenous sympathetic and vasopressin response to
hypotension and the vasopressor and vasoconstrictive effects

of norepinephrine infusion (7,8). ARB effects on vasoconstric-
tion and sympathetic activity could produce a synergistic toxic-
ity in patients with an amlodipine overdose by limiting the
effectiveness of both endogenous and exogenously adminis-
tered catecholamines.

We report a case of severe amlodipine and valsartan toxicity
that was refractory to conventional vasopressors, but responsive
to high-dose insulin euglycemia (HIE).

Case report

A 75-year-old suicidal woman presented to the emergency
department (ED) 45 minutes after a witnessed ingestion of a
“handful” of amlodipine (10 mg) and valsartan (80 mg) tab-
lets. She had a past medical history of hypertension and
hypercholesterolemia. Initial vital signs were: blood pressure,
110/58 mm Hg; heart rate, 120 per minute; respiratory rate,
18 per minute; oral temperature, 98.3o F; room air pulse
oximetry, 98%. Physical examination demonstrated normal
mental status with a depressed affect. Her pupils were 4 mm,
symmetric, and equally reactive to light. Lungs were clear to
auscultation. Cardiac examination was significant for
tachycardia. Her abdomen was soft, nondistended, and non-
tender, with normal active bowel sounds. Extremities were
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non-edematous, with a capillary refill of less than two sec-
onds. Neurological examination was normal. An electrocar-
diogram (ECG) demonstrated normal sinus rhythm, with
normal axis and intervals. Laboratory studies included a nor-
mal complete blood count (CBC) and chemistry panel nota-
ble for: potassium, 3.2 mEq/L; bicarbonate, 19 mEq/L; and
glucose, 194 mg/dL. Neither acetaminophen nor salicylates
were detected in her serum.

Activated charcoal, 1 gram/kg, was administered orally.
Two hours after ingestion she vomited, and her blood pres-
sure fell to 80/45 mm Hg, with a heart rate of 94/min.
Hypotension was refractory to a total of 30 mL of 10% cal-
cium gluconate, 5 L of intravenous normal saline, 500 mL of
colloid, and concomitant epinephrine, norepinephrine, phe-
nylephrine, and vasopressin infusions. Repeat ECG only
demonstrated a QTc increase from 433 to 542 milliseconds.

Poison control center (PCC) consultation was obtained 6 ½
hours after ingestion, at which time the patient’s vitals were:
BP, 81/41 mm Hg and pulse, 91 per minute. Arterial blood
gas revealed pH, 7.23; PCO2, 40 mm Hg; PO2, 101 mm Hg;
HCO3

-, 16 mEq/L; lactate, 3.3 mmol/L. Vasopressor require-
ments had increased to epinephrine, 20 μg/min; norepineph-
rine, 64 μg/min; phenylephrine, 300 μg/min; and
vasopressin, 0.04 units/min. Her mental status was preserved.

Recommendations included: up to 30 mL rapid infusion of
10% calcium chloride followed by an infusion; high-dose
insulin-euglycemia (HIE) therapy, consisting of 1 unit insu-
lin/kg bolus followed by an initial infusion of 0.5–1.0 units/
kg/hr with concurrent dextrose; glucagon and naloxone
boluses (up to 10 mg and 2 mg respectively) followed by
infusions; and possible increase in vasopressin infusion for
persistently refractory hypotension, as well as additional acti-
vated charcoal and an assessment of cardiac function.

A bedside transthoracic echocardiogram documented a
hyperdynamic left ventricle, normal right ventricle, absence
of pericardial effusion, no evidence of valvular disease, and a
normal inferior vena cava. Right heart catheterization demon-
strated pulmonary capillary wedge pressures above 18 mm
Hg (normal 2–10) for more than 40 hours during monitoring.
Initial cardiac index CI fell from 4.89 L/min/m2 to 2.12
(normal 2.6-4.2) before recovering. Systemic vascular resist-
ance was as low as 460 dynes/sec/cm-5 (normal 700–1600) 13
hours after ingestion. She ultimately received HIE therapy
with insulin infusion rates as high as 2.64 units/kg/hr
(Fig. 1). Glucagon, naloxone, and vasopressin infusions as high
as 6 mg/hr, 1.64 mg/hr, and 0.12 units/min respectively did not
produce significant benefit when sequentially added. Calcium
chloride was administered incorrectly (0.03–0.05 grams/hr),

Fig. 1. Effect of insulin, epinephrine, and norepinephrine on blood pressure. Systolic (SBP, open triangle), mean arterial (MAP, open
diamond), and diastolic (DBP, closed circle) blood pressures are in mm Hg. Insulin infusion (bars) is in units of regular insulin per kilogram
per hour. Epinephrine infusion (asterisk) is indicated in micrograms per minute. Norepinephrine infusion (closed diamond) is indicated in
micrograms × 10 per minute for figure clarity.
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and she actually was transiently hypocalcemic (ionized cal-
cium 1.0 mmol/L, normal 1.12–1.30) on day 4, possibly sec-
ondary to concomitant mild pancreatitis. The patient was
intubated for inadequate respiratory response to acidosis, res-
piratory difficulty, and to decrease her cardiac demand from
work of breathing.

In total, she received 41 hours of HIE therapy and
approximately 3573 units of insulin. Hyperglycemia (glucose
maximum 1033 mg/dL) was noted during the onset of ther-
apy, when a concurrent dextrose infusion had been started,
but resolved promptly. She never experienced hypoglyce-
mia. The remainder of her hospital course was complicated
by thrombocytopenia, right lower lobe pneumonia, urinary
tract infection, bilateral soleal deep venous thromboses, and
mild gastrointestinal hemorrhage from suspected ischemic
sigmoid colitis. She was discharged in good condition 37 days
after initial hospitalization.

Discussion

This case adds to a growing number of reports of amlodipine
poisoning (3,4,9–21). The lowest reported ingested dose in the
five fatal adult cases was 70 mg (100 mg in the absence of
co-ingestants). There are two cases of survival following 1000 mg
ingestion (3,12). The lowest oral dose producing hypotension
was 30 mg in an adult (10). When reported, onset of symptoms
occurred as early as 2 hours (11). Pulmonary edema compli-
cated several cases (3,4,10,16,17), and renal failure was a
feature of a number of others (3,4,11,14,15,18,20).

Unlike diltiazem or nifedipine, amlodipine can also induce
nitric oxide-dependent vasodilatation in coronary and periph-
eral arteries, and may inhibit angiotensin converting enzyme
itself (22,23). In conjunction with an ACE-I or ARB, these
complex effects might worsen toxicity.

Refractory hypotension during therapeutic dosing of ARBs
is described during anesthesia induction, when sympathetic
tone is lost (7,24). Despite an initial hyperdynamic left ven-
tricle and normal right ventricle, right heart catheterization in
this patient demonstrated significant persistent loss of
peripheral vasomotor tone, which is consistent with pos-
sible contributive effects of valsartan. We are unaware of
previously published case reports of valsartan overdose alone
causing significant hemodynamic compromise.

The calcium dose provided in this case was inadequate.
The patient experienced late transient hypocalcemia, possibly
secondary to concomitant pancreatitis. Some authors have
advocated high-dose calcium therapy, achieving up to 30
grams of calcium salts in 12 hours and serum calcium
concentrations of 23.8 mg/dL (5.94 mmol/L) without apparent
ill effect (25,26). Others recommend a bolus dose followed by
continuous infusion, with maintenance of physiologic cal-
cium concentrations (27). Additionally, our patient was
refractory to large volume IV crystalloid resuscitation (5 L),
which has been observed in previous patients with amlo-
dipine overdose (12).

Glucagon bolus and infusion produced a minimal effect in
our patient. Its use is recommended based on animal data
and limited human case reports. Beta-adrenergic receptor-
independent increase in myocyte adenyl cyclase-mediated
phosphorylation of calcium channels and arachadonic acid-
mediated increases in sarcoplasmic reticulum calcium stores
are proposed as mechanisms of action (27,28).

The basis for high-dose insulin euglycemia (HIE) therapy in
CCB overdose was first demonstrated in dogs (29). There are
several case reports which describe HIE therapy in the success-
ful management of CCB and specifically amlodipine overdose
(3,9,12,15,21,30). As can be seen in Fig. 1, early in therapy,
when the insulin infusion was decreased, the epinephrine
requirements rose markedly; later, when the infusion was
decreased again, both epinephrine and norepinephrine require-
ments increased. In the absence of human trials of high-dose
insulin use in CCB overdose, data on efficacy, possible mecha-
nism (inotropic effect and metabolic function), and safety
come from trials in patients with analogous, though non-
toxicological compromised cardiac function. In a randomized
study of 40 patients undergoing cardiovascular surgery, insulin
at 1 unit/kg/hr improved lactate clearance, increased glucose
utilization, lowered dobutamine requirements, and tended to
improved cardiac indices (31). Doses of 2.5 units/kg/hr insulin
were safely tolerated without excessive insulin-induced potas-
sium dysregulation (32). In combination with dopamine, doses
of 7 units/kg insulin were safely tolerated and significantly
improve cardiac output in post-CABG patients without
increasing in oxygen demand (33). Since both mathematical
models and direct interstitial measurements indicate that exog-
enous insulin administration follows saturation kinetics, with
Km’s for transport and action in picomolar concentrations
(34,35), additional mechanisms must be implicated. These
mechanisms may include counteracting CCB-mediated
insulin resistance, inhibiting insulin release, and improving
myocardial substrate utilization (29,31,36,37). Our recom-
mendations regarding bolus and maintenance insulin dosing
were initially incompletely followed, reflecting the experience
of others who have reported 46% noncompliance with HIE
recommendations (38).

The recommendation for naloxone was based on human and
animal experimental evidence and case reports. Naloxone par-
tially antagonized the endomorphine-1 and -2 inhibition of
phenylephrine- and angiotensin II-induced contractile response
in a rat thoracic aortic ring model (39). In dogs, 0.1 mg/kg
naloxone reversed enalapril and enalaprilic acid inhibition of
the vagal-stimulation pressor response (40). Co-administration
of 0.2 mg/kg naloxone mitigated captopril-related decreases
in systolic and diastolic blood pressure in healthy men (41).
Another double-blind, placebo-controlled study of healthy
men found that naloxone pretreatment with 10 mg followed
by 2.46 mg/hr infusion eliminated captopril-induced systolic
blood pressure drop (42). In one patient 1.6 mg bolus of
naloxone followed by repeat 2 mg bolus reversed hypotension
due to overdose with 500 mg captopril (43). Another author,
however, found naloxone ineffective in overdose of 750 mg
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captopril and “possibly intravenous narcotics” (44). Nalox-
one has been previously utilized in combined amlodipine and
benazepril coingestion (19).

Because ACE inhibition or ARB blockade prevents
vasopressin-mediated response, several authors have success-
fully used vasopressin or vasopressin analogues in cases of
significant ACE-I- or ARB-induced hypotension. Bolus terlip-
ressin reversed shock following induction of anesthesia in a
patient taking irbesartan (7). A prospective study noted 32 of
51 patients taking ACE-I or ARBs developed significant
hypotension upon anesthesia induction, despite having
stopped their medications 12–24 hours prior to surgery. Ten
patients (31%) failed rescue with ephedrine or phenylephrine,
but responded to terlipressin (24). A second randomized
study in which 20 of 42 patients chronically on ACE-I/ARBs
had ephedrine-refractory shock upon anesthesia induction
demonstrated the superiority of terlipressin to norepinephrine
(45). A 54-year-old woman with mixed ingestion including
irbesartan, HCTZ, diazepam, acetaminophen, and alcohol
responded to terlipressin after therapy with fluids, ephedrine,
phenylephrine, and norepinephrine failed to improve her
severe hypotension (46). In contrast to effectiveness in ACE-
I/ARB toxicity, in one canine model of CCB toxicity vaso-
pressin as a single intervention failed to return blood pressure
to within 20% of baseline (47). Nevertheless, others have
incorporated vasopressin analogues in the successful resusci-
tation of amlodipine (3,19) or felodipine (48) overdose in
humans.

Conclusions

Clinicians should anticipate that patients who overdose on
amlodipine may have profound, prolonged hypotension, with
loss of vascular selectivity. Coingestants which adversely
affect cardiovascular reflex mechanisms, vasomotor tone,
inotropy, or chronotropy may increase the severity of the tox-
icity of amlodipine. HIE therapy should be considered early
in course of treatment of severe CCB overdose, especially
with coingestants, as its effects are not immediately realized.
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