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Successful Pharmacologic Treatment of Massive Atenolol
Overdose: Sequential Hemodynamics and Plasma
Atenolol Concentrations
Luiz G. R. DeLima, M.D.,* Evan D. Kharasch, M.D., Ph.D.,t Stephen Butler, M.D.%

ATENOLOL is a non-lipid-soluble -adrenergic blocker,
with greater selectivity for f1-adrenergic receptors.’ It
lacks intrinsic sympathomimetic activity or properties.'
Only eight cases of atenolol poisoning have been re-
ported in the English-language literature,?™ and in a
recent report, hemodialysis was advocated to treat
atenolol overdose.? We report a case of massive atenolol
overdose and successful treatment by aggressive phar-
macologic intervention only, and present sequential

* Assistant Professor of Anesthesiology, University of Mississippi
Medical Center.

t Associate Professor of Anesthesiology; Adjunct Associate Professor
of Medicinal Chemistry, University of Washington.

% Associate Professor of Anesthesiology, University of Washington.

Received from the Department of Anesthesiology, University of
Washington, Seattle, Washington, and the Department of Anesthe-
siology, University of Mississippi Medical Center, Jackson, Mississippi.
Submitted for publication December 6, 1993. Accepted for publi-
cation March 9, 1995.

Address reprint requests to Dr. DeLima: Department of Anesthe-
siology, University of Mississippi Medical Center, 2500 North State
Street, Jackson, Mississippi 39216-4505.

Key words: Blood: hemodynamics. Heart: coronary stenosis. Hor-
mones: glucagon. Measurement techniques: gas chromatography-mass
spectrometry. Sympathetic nervous system: atenolol; §-adrenergic
receptors.

Anesthesiology, V 83, No 1, Jul 1995

plasma atenolol concentrations and hemodynamic data.
Our results show a marked improvement resulting from
the administration of glucagon and call into question
the need for instituting hemodialysis instead of ag-
gressive pharmacologic management of such patients.

Case Report

A 50-yr-old, 98-kg man with a history of depression, coronary artery
disease, hypertension, and asthma was brought to the our institution’s
emergency department after having allegedly ingested 20 atenolol
tablets (50 mg/tablet) 30 min earlier. On arrival, he was alert and
cooperative. Blood pressure was 130/80 mmHg, heart rate was 72
beats/min, respiratory rate was 24 breaths/min, and tympanic tem-
perature was 36.6°C. Physical examination was otherwise unre-
markable. An electrocardiogram showed sinus rhythm with a ven-
tricular rate of 72 beats/min. A chest roentgenogram was normal.
Laboratory data revealed sodium 141 mmol/L, potassium 4.9 mmol/
L, chloride 104 mmol/L, HCO; 18 mmol/L, blood urea nitrogen 12
mg/dL (4.28 mmol/l), creatinine 1.2 mg/dL (100 umol/L), glucose
116 mg/dL (6.44 mmol/1), and hemoglobin 160 g/1. Routine t0X
icologic screening was negative. Gastric lavage was instituted without
recovery of tablet fragments. An external pacemaker was applied-
Electrocardiogram and oscillometric blood pressure monitoring Were
instituted, and for the next 90 min, a sinus rhythm at a rate of 60
beats/min and blood pressure between 110/70 mmHg and 120/80
mmHg were observed. Two hours after admission, the patient col-
lapsed while having a bowel movement. Despite a total of 2 m§
atropine, 1 mg glucagon, and 1,900 ml crystalloid, systolic blood

pressure remained less than 80 mmHg. The electrocardiogram showed
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sinus rhythm at a rate between 40 and 50 beats/min. The level of
consciousness varied from unresponsiveness to combativeness. Ex-
piratory wheezes were heard, and the skin was cold and mottled.
Three hours after admission, his trachea was intubated and he was
transferred to the intensive care unit after receiving an additional
dose of 2 mg atropine, 1 mg glucagon, 60 ug/min isoproterenol, and
13 pg/min norepinephrine. Arterial blood gas analysis from a sample
taken immediately after intubation (manual ventilation with Ambu
self insufflating bag. 6 1/min O, enrichment) revealed pH 6.85,
Paco, 74 mmHg, Pa,, 206 mmHg, and HCO; 13 mmol/1). A catheter
was inserted into the radial artery, and mechanical ventilation was
started. Arterial blood gas analysis with the lungs ventilated at a
respiratory rate of 16 breaths/min, tidal volume 900 ml, and Fio,
1.0. revealed pH 7.23. Pco, 33 mmHg, Paco, 136 mmHg, and HCO3
14 mmol/1. A balloon-tipped pulmonary artery catheter was inserted.
Pharmacologic management consisted of glucagon bolus doses, glu-
cagon infusion. and isoproterenol infusion (fig. 1). Albuterol was
given via a metered dosed inhaler and spacer. Three hours after
intensive care unit transfer (6 h after hospital admission), the patient

@ o
ot pt
& | | ; 6 mg/hr 14 mg/hr l2 mg/hrI 1 mg/hr
ucagor I T T T
60 ug/min

l24 ug/min, 20 pg/min |1O ug/mlnl 8 ug/min
T

Isoproterenol

1 I 1
80
70
60
50
40

HR (bpm)

LR 4
o
£
E 80 \\ =
40
? 30 1
E 25 5
£
@ 20 \/'/*\*\*
o
<
a 15 J
30 1
g LN
£ 25 ~
E 20 R o
L s 1
o

N

o

o

o

o
'r_r'ﬁ'_f_v_jl’—’T—r“

¢l (L/min/m2)

5000
4000
3000
2000
1000

Atenolol (ng/ml)

5 10 15

o

TIME AFTER ADMISSION (hr)
Fig. 1. Pharmacologic management, hemodynamic parameters,
and plasma atenolol concentrations.
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regained consciousness and expiratory wheezes were no longer pres-
ent. The trachea was extubated the following morning. Recovery
proceeded uneventfully, all drugs were discontinued over the next
12 h, and he was discharged to a psychiatric ward. Blood creatinine
concentration remained between 0.9 and 1.7 mg/dl (79.5 and 150.2
umol/1, respectively) throughout the hospitalization. Creatinine
clearance during the first 24 h was 68 ml/min. Atenolol plasma con-
centrations and hemodynamic profiles are summarized in figure 1.

Atenolol Assay

Plasma atenolol concentrations were determined by
gas chromatography-mass spectrometry with selected-
ion monitoring, by modification of a previously de-
scribed assay'® and using metoprolol as an internal
standard. Briefly, plasma (100 ul) was added to a PTFE-
lined screw-cap tube containing 900 of ul water, 25
ng metoprolol, and 0.36 g sodium chloride, followed
by 100 ul 1 MNaOH, 50 uL 2 M phosphate buffer (pH
11.5), and 10 ml methylene chloride. The mixture was
vortexed for 30 s, shaken for 10 min, and centrifuged.
The organic layer was evaporated to dryness under ni-
trogen, the residue dissolved in 100 ul ethyl acetate,
and 25 ul pentafluoropropionic anhydride added. The
reaction mixture was kept at 60°C for 30 min, evap-
orated to dryness under nitrogen, and reconstituted in
100 ul ethyl acetate, and 1-2 pl was injected into the
gas chromatograph.

A Hewlett-Packard 5971A gas chromatograph-MSD
equipped with a split-splitless injector was used with
215m X 0.32mm X 0.25-u DB-5 capillary column d
& W Scientific, Folsom, CA). The carrier gas was helium
at 60 ml/min flow rate. Injector (splitless) and transfer
line temperatures were 250°C and 260°C, respec-
tively. The oven temperature was held at 50°C for 0.5
min. then increased to 250°C at 20°C per min. The
dipentafluoropropionyl derivatives of metoprolol and
atenolol were monitored at the base peak for each
compound (ion at mass-to-charge ratio of 3606). Aten-
olol was quantitated using a standard curve of the aten-
olol/metoprolol peak area ratio versus atenolol added
(200-5,000 ng/ml), constructed with blank plasma
spiked with known concentrations of atenolol. The
standard curve was linear over this concentration range
(r = 0.996).

Discussion

Considering that the oral bioavailability of atenolol
is approximately 40% of the ingested dose, peak plasma
concentrations occur 1-2 h after oral administration,
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and the elimination half-life is 6-9 h' and extrapolating
the measured plasma concentrations to the time of peak
effect one would predict this patient had a peak aten-
olol plasma concentration of 10,000 ng/ml which also
coincides with the predicted peak concentration after
ingesting 1,000 mg of the drug. Therapeutic plasma
concentrations of atenolol are 200-500 ng/ml.'

The usual clinical manifestations of (-adrenergic
blocker overdose include bradycardia, hypotension,
low cardiac output, cardiac failure, and cardiogenic
shock.!" Bronchospasm'' and respiratory depression™"
also may occur. Seizures and prolonged intraventricular
conduction are thought to be the result of the local
anesthetic properties of intoxication with certain (-
adrenergic blockers (propranolol, acebutolol, alpren-
olol, oxprenolol) but not atenolol."'" Hypoglycemia
is reported to be rare."’

Patients vary in their responses to -adrenergic
blockers. As much as 4,000 mg/day of propranolol have
been well tolerated,* whereas 40 mg of the same drug
precipitated pulmonary edema in patients with occult
cardiomyopathy.'' In a previous report, an atenolol
overdose of 5,000 mg resulting in a plasma concentra-
tion of 9,400 ng/ml, produced marked ventilatory
depression requiring mechanical ventilation but only
a sinus bradycardia to 59 beats/min, and hemodynamic
stability was maintained without medication.? Hemo-
dynamic instability, responsive to intravenous sympa-
thomimetic or parasympatholytic support, was present
in three cases of atenolol overdose, and another patient
was treated with hemodialysis and pharmacologic sup-
port.? That case, complicated by hemodynamic insta-
bility and oliguria/anuria, apparently was unresponsive
to pharmacologic support and cardiac pacing.” How-
ever, the hemodynamic data included only heart rate
and blood pressure, the regime of isoproterenol and
glucagon administration was unclear, and a single
atenolol plasma concentration was reported (2,500 ng/
ml), making it difficult to establish true unresponsive-
ness to conventional pharmacologic treatment. Addi-
tionally, hemodialysis requires large-bore vascular ac-
cess and specialized personnel and may be complicated
by hypotension, which is common in critically ill pa-
tients.'*'?

Hemodynamic depression induced by f-adrenergic
blocker overdose usually is responsive to sympatho-

mimetics, parasympatholytics, glucagon, phosphodi-
esterase inhibitors, and cardiac pacing.'' However, our
patient did not show hemodynamic improvement with
60 pg/min isoproterenol and 13 ug/min norepineph-
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rine. N()rcpincphrinc was chosen for its a-adrcncrgic
effect to increase blood pressurc and possibly improve
myocardial perfusion. tr

[n addition to myocardial depression, the hypotension
observed with p-adrenergic blocker overdose is due in
part to blockade of presynaptic f3,-adrenergic receptors
that. when activated, increasc neurotransmitter release
in sympathetic nerve endings."’ During massive aten-
olol overdose ,-adrenergic blockade is likely to occur
because the ratio of 3, to 3, selectivity of atenolol is
5 515 It is also reasonable to speculate that, in the
presence of decreased myocardial contractility caused
by 3-adrenergic blockade, the vagal stimulation or de-
creased venous return as a result of increased intra-
abdominal pressure associated with defecation precip-
itated cardiovascular collapse, which, in the setting of
coronary artery disease and possibly ventricular hy-
pertrophy, resulted in myocardial ischemia and *‘stun-
ning.”’ '® “*Stunned’” myocardium shows good respon-
siveness to adrenergic stimulation,'® but the complete
B-adrenergic blockade present in this patient markedly
shifted to the right the apparent dose-response rela-
tionship for f-adrenergic agonists. ' In a previous re-
port, 115 mg isoproterenol were infused over 65 hto
maintain hemodynamic stability. 7 In contrast, our pa-
tient showed marked hemodynamic improvement after
the administration of glucagon.

Glucagon is probably the drug of choice to treat mas-
sive B-blocker overdose.'' A loading dose of up to 10
mg followed by up to 5 mg/h infusion may be re-
quired."' In the case we report, glucagon was titrated
to effect, guided by sequential hemodynamic data. The
activation of glucagon receptors, via G protein-me-
diated mechanisms, stimulates adenylyl cyclase, and
increases intracellular cyclic adenosine monophos-
phate (cAMP) concentration independently of f-ad-
renergic receptors. Phosphodiesterase inhibitors (am-
rinone, milrinone) also increase intracellular cAMP by
blocking its degradation, but because cAMP prOdUCtiOrl
is not activated, it relies on modest basal activity of
adenylyl cyclase, which results in modest CAMP pro-
duction.'® In dogs, both glucagon and amrinon¢ im-
proved the depressed ventricular performance induced
by 10 mg/kg intravenous propranolol, but only glu-
cagon reversed the bradycardia.'’

In conclusion, aggressive pharmacologic manage-
ment and cardiac pacing, in our opinion, should be
the first choice to treat 8-blocker overdose. Glucagon
appears to be particularly effective for this purpose.
Hemodialysis should be reserved to remove minimally
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protein-bound, renally excreted B-blockers in cases re-
fractory to pharmacologic therapy. It remains to be seen
if earlier detection and treatment of cardiorespiratory
depression can prevent cardiovascular collapse in these
patients.
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