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, Abstract—Background: Hydroxychloroquine (HCQ)
poisoning is a life-threatening but treatable toxic ingestion.
The scale of severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) infection (COVID-19) and the controver-
sial suggestion that HCQ is a treatment option have led to
a significant increase in HCQ use. HCQ poisoning should
be at the top-of-mind for emergency providers in cases of
toxic ingestion. Treatment for HCQ poisoning includes so-
dium bicarbonate, epinephrine, and aggressive electrolyte
repletion.We highlight the use of hypertonic saline and diaz-
epam. Case Report: We describe the case of a 37-year-old
man who presented to the emergency department after the
ingestion of approximately 16 g of HCQ tablets (initial
serum concentration 4270 ng/mL). He was treated with an
epinephrine infusion, hypertonic sodium chloride, high-
dose diazepam, sodium bicarbonate, and aggressive potas-
sium repletion. Persistent altered mental status necessitated
intubation, and he was managed in the medical intensive
care unit until his QRS widening and QTc prolongation
resolved. After his mental status improved and it was
confirmed that his ingestion was not with the intent to self-
harm, he was discharged home with outpatient follow-up.
Why Should an Emergency Physician Be Aware of This?:
t available from the authors.
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For patients presenting with HCQ overdose and an un-
known initial serum potassium level, high-dose diazepam
and hypertonic sodium chloride should be started immedi-
ately for the patient with widened QRS. The choice of hyper-
tonic sodium chloride instead of sodium bicarbonate is to
avoid exacerbating underlying hypokalemia which may in
turn potentiate unstable dysrhythmia. In addition, early
intubation should be a priority in vomiting patients because
both HCQ toxicity and high-dose diazepam cause profound
sedation. � 2020 Elsevier Inc. All rights reserved.

, Keywords—arrhythmia; chloroquine; COVID-19; diaz-
epam; dysrhythmia; ECG; epinephrine; hydroxychloro-
quine; hypertonic saline; hypertonic sodium chloride;
overdose; plaquenil; SARS-CoV-2; sodium bicarbonate;
toxicology

INTRODUCTION

Hydroxychloroquine (HCQ) poisoning is a life-
threatening but treatable toxic ingestion. The scale of se-
vere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) infection (COVID-19) and the controversial sug-
gestion that HCQ is a treatment option have led to a sig-
nificant increase in HCQ use (1). HCQ poisoning should
tember 2020;
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therefore be at the top-of-mind for emergency providers
in cases of toxic ingestion. Treatment for HCQ poisoning
includes sodium bicarbonate, epinephrine, and aggres-
sive electrolyte repletion (2–5). In this case report we
highlight the use of hypertonic saline and diazepam.

As of early August 2020, the SARS-CoV-2 or COVID-
19 pandemic had led to >715,000 deaths and 19.1 million
confirmed cases (6). Early in the pandemic, there was
widespread interest in the potential therapeutic role of
HCQ (7,8). HCQ is a 4-aminoquinoline derivative
approved as treatment for malaria and systemic lupus er-
ythematosus (9). HCQ has been investigated as a poten-
tial treatment for COVID-19 with no strong data to
suggest a therapeutic benefit despite being mentioned
frequently in the media (10–13). As a result, HCQ
poisoning, which can cause life-threatening illness, may
become more common as the number of prescriptions
has risen substantially (1,14). We describe the case of a
previously healthy man who presented to the emergency
department (ED) after ingesting approximately 16 g of
HCQ.

CASE REPORT

A 37-year-old man was brought into the ED by emer-
gencymedical services with acute-onset chills, lighthead-
edness, and malaise. The patient reported taking ‘‘a
handful’’ of HCQ tablets, which his wife quantified as
up to eighty 200-mg tablets based on the number of
missing tablets from a recently filled prescription written
for the patient’s mother. Upon learning of his ingestion,
his wife encouraged him to vomit without success. He
developed altered mental status approximately 90 min af-
Figure 1. Initial electrocardiogram in the emergency department
124 ms, and prolonged QTc of 548 ms.
ter ingestion, at which point his wife called 911. En route,
emergency medical services obtained a 12-lead electro-
cardiogram (ECG) significant for complete heart block
and prolonged corrected QT interval (QTc) of 611 ms
(goal #450 ms).

The patient arrived to the ED approximately 2 h post-
ingestion and was immediately roomed and seen by pro-
viders within 3 min. The patient was drowsy but oriented
to person, place, date, and situation. Before obtaining vi-
tal signs, he had several episodes of nonbloody, nonbili-
ous emesis without tablets or fragments. His temporal
temperature was 30�C (86�F), he was bradycardic to 56
beats/min, and his initial blood pressure (BP) could not
be obtained with an automatic BP cuff; manual BP mea-
surement was deferred to facilitate the placement of large
bore intravenous (IV) access as the patient maintained his
mental status and had palpable femoral pulses without
distal cyanosis or duskiness of the extremities. The
remainder of his physical examination was remarkable
for shivering, cool and clammy skin, and irregular brady-
cardia. Initial ECG in the ED revealed complete heart
block, QRS interval of 124 ms, and QTc of 548 ms
(Figure 1). Fifteen minutes after arrival, an epinephrine
infusion was initiated at 10 mg/min with improvement
in his heart rate to 72 beats/min and BP to 90/48 mm
Hg. Central IV access was obtained and the patient was
placed on an involuntary psychiatric hold out of concern
for possible self-harm.

HCQ poisoning causes significant hypokalemia
(15,16). While awaiting the results of initial laboratory
work, we administered 100 mL IV 3% sodium chloride
30 min after arrival and 50 mg IV diazepam (approxi-
mately 1 mg/kg) approximately 1 h after arrival to
showing bradycardia with complete AV block, wide QRS of
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address thewidened QRS (goal#100ms) and cardiac ion
channel dysfunction, respectively (17). His laboratory
values were remarkable for serum potassium of 2.9
mEq/L (reference range 3.5–5.0 mEq/L) and lactate
10.2 mEq/L (reference range <2.0 mEq/L). We adminis-
tered 4 g IV magnesium sulfate and started the patient on
aggressive IV potassium repletion at 20 mEq/h to achieve
a potassium level of $4.0 mEq/L; he received a total of
130 mEq IV potassium chloride in the ED. Following po-
tassium repletion, 100 mEq IV 8.4% sodium bicarbonate
was administered and he was started on an isotonic so-
dium bicarbonate infusion at 15 mEq/h. Serial ECGs
were obtained every 15 to 30 min and his QRS and
QTc narrowed to 118 ms and 383 ms, respectively. His
epinephrine infusion was increased to a rate of 15 mg/
min for intermittent hypotension with mean arterial pres-
sure of 55 mm Hg with subsequent improvement to
67 mm Hg before transfer to the medical intensive care
unit (MICU) 5 h after arrival to the ED. At that time his
heart rate was noted to be 107 beats/min.

He was admitted to the MICU where he was intubated
for airway protection in the setting of altered mental sta-
tus. Epinephrine infusion was titrated to maintain a mean
arterial pressure >65 mm Hg and a heart rate >100 beats/
min, the latter to reduce the risk of torsades de pointes.
ECG shortly after arrival to the MICU showed a QRS
of 114 ms, TU-fusion waves, and QTc of 666 ms
(Figure 2). In the setting of a widened QRS and prolonged
QTc, he was given an additional bolus of 100 mL IV 3%
sodium chloride; he also received 2 g IV magnesium sul-
fate and 2 g IV calcium gluconate to promote cardiac my-
Figure 2. Electrocardiogram obtained early in the intensive care un
666 ms with TU-fusion waves.
ocyte stability. ECGs were obtained every 2 h and we
planned to give additional boluses of 100 mL IV 3% so-
dium chloride as needed for widened QRS or prolonged
QTc. The patient’s hypokalemia persisted while in the
MICU and an additional 80 mEq IV potassium chloride
was administered for an initial serum potassium of 2.3
mEq/L. Repeat laboratory values were drawn every 2 h
and IV potassium chloridewas given as needed to achieve
normokalemia. Diazepam 6 mg IV was administered
every 2 h for 24 h after the initial 50-mg IV bolus to antag-
onize cardiac myocyte toxicity and for seizure prophy-
laxis. We chose intermittent diazepam dosing over an
infusion based on clinical pharmacist and poison control
recommendations.

Over the next 24 h, the patient received 1 additional
bolus of 100 mL IV 3% sodium chloride for a prolonged
QTc of 534 ms. Serial ECGs showed narrowing of the
QRS and QTc to 100 ms and 440 ms, respectively, with
persistent U waves (Figure 3). Once the QRS and QTc re-
mained within normal limits without additional 3% so-
dium chloride boluses at approximately the 24-h mark,
epinephrine was weaned off over 12 h while monitoring
closely for rebound hyperkalemia (none observed). We
discontinued diazepam after 24 h both because this was
the expected window of toxicity and to avoid propylene
glycol toxicity from prolonged diazepam administration
(18,19). An ECG 37 h after presentation showed resolu-
tion of U waves, a normal QTc (434 ms), and diffuse J
point elevations (Figure 4) with high-sensitivity
troponin-T levels within normal limits. He received an
empiric course of ceftriaxone and doxycycline for
it course. The patient had recurrence of QTc prolongation of



Figure 3. Electrocardiogram obtained later in the intensive care unit course. The patient’s QTc interval narrowed to 440 ms with
prominent U waves.
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possible aspiration pneumonia based on bilateral infil-
trates present on his admission chest radiograph and 2
nasopharyngeal swabs sent for COVID-19 reverse tran-
scription polymerase chain reaction testing were nega-
tive. He was extubated on hospital day 3 and transferred
to the medical floor on hospital day 4.
Figure 4. Electrocardiogram obtained before discharge. The patie
On the medical floor, he remained hemodynamically
stable without return of electrolyte derangements or
ECG changes. Once his mental status was back to base-
line, he described taking HCQ to protect himself and
his family, including a newborn, from contracting
COVID-19. He acknowledged that he did not know the
nt had a narrow QRS of 92 ms and a normal QTc of 424 ms.
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proper HCQ dosage and took it as if it was a supplement.
He expressed no intention for self-harm, and his wife
corroborated this narrative. He was discharged home on
hospital day 5 with planned outpatient psychiatry
follow-up.

After discharge, his serum HCQ level from admission
returned at 4270 ng/mL (typical therapeutic levels: 10 ng/
mL for malarial prophylaxis;#1000 ng/mL for systemic
lupus erythematosus) (20).

DISCUSSION

The diagnosis of HCQ overdose relies on history, phys-
ical examination, laboratory abnormalities, and ECG
findings. The main clinical effects of HCQ toxicity are
cardiac and neurologic. HCQ blocks sodium channels
and potassium human-ether-a-go-go-related gene
(hERG) channels, slowing cardiac intraventricular con-
duction and lowering the seizure threshold (16). Addi-
tional potassium efflux pump blockade leads to
hypokalemia by inhibiting potassium egress from the
intracellular space, which can be exacerbated by vomit-
ing, bicarbonate-containing fluids, and epinephrine
(15,21). The delayed cardiac myocyte repolarization
and resulting prolonged refractory period prolongs the
QRS and the QTc intervals, which may increase the
risk of fatal dysrhythmias including torsades de pointes.
These mechanisms culminate in hypotension secondary
to bradycardia, negative inotropy, and dysrhythmias
(22–24).

HCQ toxicity management depends upon the interval
between the ingestion and presentation to medical care.
Activated charcoal can be administered to prevent gastric
absorption if the patient presents early after the ingestion
(25). Similar to the management of tricyclic antidepres-
sant overdose, sodium-containing fluids should be started
immediately in patients with a widened QRS to overcome
sodium channel blockade by increasing serum sodium
concentrations (26–28). However, sodium bicarbonate
infusion can decrease serum potassium level through
intracellular shift, which may worsen QTc prolongation
and precipitate malignant dysrhythmias. Based on data
showing efficacy in tricyclic antidepressant overdose
with wide QRS, hypertonic sodium chloride can be
used as an alternative if the patient’s serum potassium
level is unknown, as was done in this case before the
first potassium concentration resulted (28,29).

At normal serum potassium concentrations, the
sodium-containing fluid of choice for HCQ toxicity is so-
dium bicarbonate, administered in boluses of 50 to 150
mEq followed by an isotonic sodium bicarbonate infusion
at 10 to 20 mEq/h. The infusion is continued until the
QRS has corrected to #100 ms and QTc has corrected
to#450 ms, and then weaned off slowly. Once the above
treatments have been initiated, clinicians should monitor
QRS and QTc intervals with frequent ECGs and follow
serum potassium levels every 1 to 2 h, targeting a value
of $4.0 mEq/L. We recommend close ECG and serum
potassium monitoring for 36 h to include the expected
window of HCQ toxicity (24 h) and assess for rebound
hyperkalemia after toxicity resolves (19,25). If serum po-
tassium concentrations begin to decrease, consider
decreasing the sodium bicarbonate infusion rate or
changing to hypertonic sodium chloride boluses. Poten-
tially fatal dysrhythmias that may result from HCQ
toxicity itself or potassium shifts resulting in hypo- or hy-
perkalemia include torsades de pointes, ventricular tachy-
cardia, and ventricular fibrillation (2,24,30). If
hypotensive, epinephrine is recommended preferentially
for HCQ toxicity for its inotropic effects secondary to
beta agonism; norepinephrine is a second choice agent
(31,32). Experts generally recommend titrating the
beta-agonist to a target heart rate of$90 beats/min while
the QTc is prolonged to avoid R-on-T phenomenon from
an ectopic beat on a preceding Twave, which may precip-
itate malignant dysrhythmias (31).

Diazepam administration is the mainstay of seizure
prophylaxis in HCQ overdose, and was associated with
reduced mortality when used in combination with
epinephrine in a retrospective analysis, potentially related
to effects on cardiac ion channels (4,33). Generally, a 1 to
2 mg/kg bolus of IV diazepam is administered followed
by either a continuous infusion or frequent boluses. Diaz-
epam should be continued for 24 h, as this is the typical
window of toxicity based on the rapid absorption and
large volume of distribution of HCQ (19). Diazepam con-
tains a significant amount of propylene glycol; it is rela-
tively insoluble in water and not compatible for long
periods in other solutions (18). Many hospitals do not
use continuous infusions for these reasons, in which
case scheduled boluses are a reasonable alternative (5).
In addition to its role in preventing seizures, diazepam
also directly stabilizes cardiac myocytes (17). Adminis-
tering diazepam may exacerbate the sedating effects of
HCQ toxicity and necessitate intubation for airway pro-
tection.

WHY SHOULDAN EMERGENCY PHYSICIAN BE
AWARE OF THIS?

HCQ toxicity poses several distinct challenges in man-
agement. HCQ toxicity causes widened QRS, prolonged
QTc, and altered mental status which when left untreated
may progress to malignant dysrhythmia, seizures, and
death. In addition to early initiation of an epinephrine
infusion and high-dose (1–2 mg/kg) diazepam, we advo-
cate for the use of 3% sodium chloride to overcome so-
dium channel blockade and avoid exacerbating
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hypokalemia.When hypokalemia has been addressed, so-
dium bicarbonate should be administered to address car-
diac myocyte channel toxicity. We also encourage early
intubation to address the sedating effects of HCQ and
high-dose diazepam.
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