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CLINICAL THERAPEUTICS

Artesunate for the Treatment
of Severe Falciparum Malaria

Philip J. Rosenthal, M.D.

This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies,
the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines,
if they exist, are presented. The article ends with the author’s clinical recommendations.

A previously well, American-born 35-year-old man presents with a 5-day history of
fever and progressive dyspnea and a 2-day history of jaundice. An evaluation 3 days
before his presentation led to a diagnosis of a viral syndrome. The patient had re-
turned 3 weeks earlier from a 1-month stay in West Africa. He reports receiving im-
munizations before travel and taking pills to prevent malaria weekly until his return
to the United States.

The physical examination shows moderate respiratory distress, diffuse pulmo-
nary crackles, and mild jaundice. His vital signs include a temperature of 39.8°C,
respiratory rate of 32 breaths per minute, and oxygen saturation of 87% while he is
breathing ambient air. Abnormal results of laboratory tests include a hematocrit of
32.2%, platelet count of 78 per cubic millimeter, total bilirubin level of 4.2 mg per
deciliter (71.8 pymol per liter), and creatinine level of 2.2 mg per deciliter (194.5 ymol
per liter). A Giemsa-stained blood smear shows numerous ring forms of Plasmodium
falciparum, with parasitemia estimated at 2%. He is immediately hospitalized, and an
infectious-disease consultant recommends that the Centers for Disease Control and
Prevention (CDC) be contacted to obtain intravenous artesunate for his treatment.

THE CLINICAL PROBLEM

Malaria is one of the most important infectious diseases in the world, causing hun-
dreds of millions of illnesses and an estimated 1 million deaths each year.* Malaria
is endemic throughout most of the tropics, but it is most readily transmitted in sub-
Saharan Africa. Nearly all serious illnesses and deaths from malaria are caused by
P. falciparum.

Severe malaria, which is much less common than uncomplicated disease, is dif-
ficult to define precisely, especially in regions where malaria is endemic, because
other serious illnesses can coexist with malarial infection. Severe malaria is gener-
ally defined as acute malaria with major signs of organ dysfunction or high levels
of parasitemia (Table 1).2 In areas where malaria is endemic, young children are
at high risk for severe malaria. Partial immunity develops in older children and
adults after repeated infections, and they are thus at relatively low risk for severe
disease. Pregnant women are also at increased risk for severe malaria.*

Travelers to areas where malaria is endemic often contract the disease, mostly
because of lack of compliance with preventive measures such as the avoidance of
night-biting anopheline mosquitoes and use of chemoprophylaxis. Travelers gener-
ally have no previous exposure to malaria parasites and so are at high risk for pro-
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Table 1. Characteristics of Severe Malaria.*

Clinical Manifestations

Physical findings
Prostration
Impaired consciou
Respiratory distres

edema
Repeated seizures
Shock

Abnormal bleeding

Jaundice

Acute renal failure

Macroscopic hemoglobinuria

Abnormal results of laboratory tests

Severe anemia
Hypoglycemia
Metabolic acidosis

Renal insufficiency
Hyperlactatemia
Hyperparasitemia

Elevated aminotransferase levels

Elevated bilirubin level
Disseminated intravascular coagulation

Features Associated with a Poor Prognosis

sness Coma

s, pulmonary  Tachypnea, labored deep breathing

>3 seizures in 24 hr

Systolic blood pressure <80 mm Hg after
volume repletion

Retinal hemorrhages

Fluid and electrolyte abnormalities

Hematocrit <15% or hemoglobin <0.5 g/dI
Blood glucose <2.2 mmol/liter

Plasma bicarbonate <15 mmol/liter or
blood pH <7.25

Serum creatinine >250 pmol/liter
Venous lactate >4 mmol/liter

>500,000 parasites/mm? or >5-10%
parasitemia

Aminotransferase levels >3 times the
upper limit of the normal range

Serum bilirubin >50 pmol/liter

* Data are adapted from the World Health Organization® and Hoffman et al.?

To convert the valu

es for hemoglobin to millimoles per liter, multiply by 0.6206.

To convert the values for glucose to milligrams per deciliter, divide by 0.05551. To
convert the values for creatinine to milligrams per deciliter, divide by 88.4. To

convert the values

for lactate to milligrams per deciliter, divide by 0.1110.

To convert the values for bilirubin to milligrams per deciliter, divide by 17.1.
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gression to severe disease if they are infected
with P. falciparum.> In a large survey of travel
clinics, malaria was the most frequent cause of
fever without localizing findings, and it was
particularly common in febrile travelers return-
ing from Africa.® In recent years, approximate-
ly 1000 to 1600 episodes of malaria have been
diagnosed each year in Americans after return
from travel’; approximately 5 to 10% of these
cases are estimated to meet criteria for severe
malaria.® Thus, although it is important to con-
sider malaria in all febrile patients with a history
of travel to areas where malaria is endemic, Amer-
ican physicians frequently do not do so. During
the period from 1985 to 2001, the case fatality
rate for P. falciparum infections in the United States
was estimated at 1.3%, and delayed diagnosis
contributed to poor outcomes in many cases.’

PATHOPHYSIOLOGY AND EFFECT
OF THERAPY

When an infectious anopheline mosquito bites, it
injects sporozoites, which circulate and invade
hepatocytes (Fig. 1). After asymptomatic hepatic
infection (lasting 1 to 2 weeks in the case of P. fal-
ciparum infection), merozoites are released and
invade erythrocytes. The asexual erythrocytic
stage of infection is responsible for all clinical
aspects of malaria. In erythrocytes, parasites de-
velop into ring forms, mature trophozoites, and
then multinucleated schizonts, which rupture and
release more merozoites. Repeated cycles of eryth-
rocyte invasion and rupture lead to chills, fever,
headache, fatigue, other nonspecific symptoms,
and, with severe malaria, signs of organ dysfunc-
tion (Table 1). Some parasites develop into gameto-
cytes, which may be taken up by mosquitoes, in
which sexual reproduction and further develop-
ment of the parasites lead to the generation of a
new set of infectious sporozoites.

A key feature of the life cycle of P. falciparum
is cytoadherence, whereby erythrocytes infected
with mature parasites adhere to endothelial cells
in the microvasculature.'® This process is presum-
ably advantageous to the parasite, since it prevents
the passage of abnormal erythrocytes through the
spleen. High concentrations of P, falciparum—infect-
ed erythrocytes in the microvasculature and a
complex interplay of host and parasite factors
lead to the manifestations of severe malaria, in-
cluding cerebral malaria, noncardiogenic pulmo-
nary edema, and renal failure.** Because of the
ability of mature P. falciparum organisms in the
erythrocytic stage to adhere to endothelial cells,
only ring forms circulate (except in very severe
infections), and levels of peripheral parasitemia
may be quite low despite substantial infection.

Many drugs are available for the treatment of
uncomplicated malaria (i.e., malaria that is not
classified as severe).'>'3 However, control in areas
where malaria is endemic is limited by drug re-
sistance, the toxic effects of some agents, and
the relatively high cost and limited availability of
newer drugs. Intravenous quinine and — in the
United States — intravenous quinidine have been
the standard therapies for severe cases of falci-
parum malaria for many years.

The most important new class of antimalarial
agents is the artemisinins, which are natural prod-
ucts developed in China beginning in the 1960s.1*
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Figure 1. Life Cycle of Plasmodium falciparum.

Elements that are important for the pathogenesis of severe malaria are shown. Erythrocytes containing P. falciparum
in mature intraerythrocytic stages (trophozoites and schizonts) adhere to vascular endothelium, thereby avoiding
clearance by the spleen. High numbers of circulating parasites and elaboration of host and parasite factors in the
vasculature of various organs lead to the manifestations of severe malaria.

A number of artemisinin derivatives in addition to
the parent compound are now available, including
artesunate, artemether, artemotil, and dihydro-
artemisinin. Although the mechanisms of action
of artemisinins are not fully understood, they
may include free-radical production in the para-

site food vacuole®> and inhibition of a parasite
calcium ATPase.’® A key advantage of artemisi-
nins is rapid action against all of the erythrocytic
stages of the parasite, including transmissible
gametocytes, resulting in a rapid clinical benefit
and decreased transmission of malaria (Fig. 1).
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In addition, there is currently limited, if any,
resistance to artemisinins in malaria parasites.
Although all artemisinins have rapid antiparasitic
activity, they have short half-lives, such that the
standard 3-day treatment course is commonly
followed by recrudescence of infecting parasites
and recurrent illness within days to weeks.** To
help prevent late recrudescences and the emer-
gence of resistant parasites, these drugs should
always be used in combination with a longer-
acting agent. Fixed-dose combinations for oral
therapy of uncomplicated malaria, known as
artemisinin-based combination therapy, have been
developed recently.

CLINICAL EVIDENCE

When used correctly, chemoprophylaxis appears
to be highly effective in preventing malaria.> The
drugs recommended by the CDC to prevent ma-
laria in travelers to areas with drug-resistant fal-
ciparum malaria (i.e., most regions of the world
where malaria is endemic) are mefloquine, atova-
quone—proguanil, and doxycycline.® In the vignette,
the patient’s weekly regimen was presumably
mefloquine, but he apparently did not continue
to receive the drug for 4 weeks after travel, as is
required to eradicate parasites that emerge from
the liver some weeks after exposure.

Treatment of malaria is generally highly effec-
tive when provided rapidly, used correctly, and
not limited by drug resistance.'> Approved thera-
pies for treatment of uncomplicated falciparum
malaria in the United States include atovaquone—
proguanil, quinine (a 3-day course plus a 1-week
course of doxycycline or, in children, clindamy-
cin), and mefloquine.” For severe malaria, which
is best treated intravenously, the only therapy
available in the United States in recent years has
been intravenous quinidine, which is generally
highly efficacious. However, quinine and quini-
dine are associated with considerable toxic ef-
fects, including tinnitus, reversible hearing loss,
nausea, vomiting, dizziness, hypoglycemia, and
visual disturbances. As compared with quinine,
intravenous quinidine is associated with greater
risks of cardiotoxic effects and hypotension.!®
The antimalarial efficacy of quinine has dimin-
ished in some areas, in particular Southeast
Asia,'® suggesting partial resistance that may
limit the drug’s efficacy against severe malaria.

Artemisinin-based combination therapies, in-

cluding artesunate—mefloquine, artemether—lume-
fantrine, artesunate—amodiaquine, and dihydroar-
temisinin—piperaquine, are highly efficacious,2°-2>
and they are now listed as first-line therapies for
uncomplicated malaria in most countries where
malaria is endemic. No artemisinin-based com-
bination therapies are yet available in the United
States. The rapid reduction in the level of para-
sitemia with the use of artemisinins has also led
to interest in their use for the treatment of severe
malaria. Intravenous and intramuscular artemisi-
nins have been highly efficacious for the treat-
ment of severe malaria (see below). Rectal admin-
istration is also effective and may be of value in
settings with limited resources.?°

The first artemisinin to be studied in large
clinical trials of severe malaria was artemether.
Large randomized comparisons of intramuscular
artemether and quinine in Gambian children?”
and Vietnamese adults?® and a meta-analysis of
individual data from 1919 patients in 11 trials of
parenteral therapy?® identified no significant dif-
ference in efficacy between these agents. Howev-
er, in the meta-analysis, the subgroup of adults had
lower mortality when treated with artemether.

The efficacy of intramuscular artemether in
severe malaria may be limited by varied absorp-
tion of this fat-soluble artemisinin derivative.
Artesunate, which is water-soluble, has more reli-
able pharmacokinetic characteristics.>® A large,
randomized comparison of intravenous artesu-
nate and quinine in 1461 patients in Asia showed
a significant survival benefit with artesunate.
Mortality was 22% with quinine, as compared
with 15% with artesunate, a risk reduction of
34.7%.3* Treatment with artesunate had a relative-
ly mild side-effect profile; hypoglycemia was sig-
nificantly more common with the use of quinine.
A systematic review of five randomized trials
comparing the efficacy of intravenous quinine
with that of artesunate and one additional trial
of intramuscular artesunate demonstrated the
superiority of artesunate, with significant reduc-
tions in the risk of death (relative risk, 0.62), in-
cidence of hypoglycemia, and parasite clearance
time, as compared with quinine.3?

CLINICAL USE

Of primary importance in the treatment of severe
malaria are the provision of prompt, effective
therapy and concurrent supportive care to man-
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age life-threatening complications of the disease.?
In most of the world, standard therapy has been
intravenous or intramuscular quinine. In the Unit-
ed States, intravenous quinidine has been the
standard therapy since 1991. That year, parenteral
quinine was withdrawn by the CDC because quin-
idine had been shown to be more potent in vitro
and highly effective against P. falciparum when used
orally for uncomplicated disease3? or intravenous-
ly for severe falciparum malaria.3* The current rec-
ommendations for severe malaria are to admin-
ister quinidine as a loading dose followed by
continuous infusion; the loading dose may be
omitted if quinine or mefloquine was recently ad-
ministered.?1” The cardiac toxic effects of quini-
dine are a major concern, and intravenous ther-
apy requires continuous cardiac monitoring, with
slowing or discontinuation of the infusion for
prolongation of the QT interval. Another prob-
lem has been the decreasing availability of quini-
dine as the use of the drug as an antiarrhythmic
agent has decreased.>®

With emerging evidence of the superiority of
artesunate over quinine or quinidine, an investiga-
tional-new-drug (IND) application from the CDC
went into effect in the United States on June 21,
2007, to allow investigational use of intravenous
artesunate for the treatment of severe malaria.
The drug is not approved by the Food and Drug
Administration, and it can be used in the United
States only through the IND application, with the
drug supplied at no charge by the Walter Reed
Army Institute of Research. Patients are eligible
if they have uncomplicated malaria but require
parenteral therapy because of an inability to take
oral medications or if they have a level of para-
sitemia of more than 5% or other signs of severe
malaria (Table 1). In addition, the CDC requires
that artesunate be at least as rapidly available for
administration as quinidine or that there be
known intolerance of quinidine, previous failure
of such treatment, or a contraindication. Enroll-
ment requires a telephone call to the CDC Ma-
laria Hotline (Monday through Friday from 8 a.m.
to 4:30 p.m. Eastern time, at 770-488-7788; at
other times, health care providers may call 770-
488-7100 and ask for a clinician in the CDC Ma-
laria Branch). If approved, the drug will be released
by the CDC Drug Service or by one of the 20 CDC
quarantine stations located around the country.

Under the IND protocol, intravenous artesunate
is administered in four equal doses of 2.4 mg

per kilogram of body weight over a period of
3 days. The dosing schedule recommended by the
World Health Organization (WHO) entails doses
every 12 hours on day 1 and then once daily.
Therapy for more than 3 days may occasionally be
indicated in very ill patients, but specific guide-
lines on when to extend therapy are not avail-
able. Artesunate dosages need not be changed
because of hepatic or renal failure or concomi-
tant or previous therapy with other medications,
including previous therapy with mefloquine, qui-
nine, or quinidine. There are no known interac-
tions between artesunate and other drugs.

Cardiac monitoring is not mandatory during
treatment with artesunate, and no serious toxic
effects due to the drug are anticipated. However,
patients with severe malaria often require care
in an intensive care unit. Indeed, aggressive sup-
portive care, including mechanical ventilation
and hemofiltration or hemodialysis, can be instru-
mental in successful management of severe ma-
laria.3*37 In technologically limited settings, high-
quality nursing care, management of fluid balance,
and control of seizures are helpful, although
anticonvulsant agents that are respiratory depres-
sants should be used with caution if mechanical
ventilation is unavailable.?® Aggressive fluid re-
suscitation, blood transfusion for moderate ane-
mia, exchange transfusion, and specific treatment
for acidosis are of uncertain value. Bacterial infec-
tions can coexist with severe malaria, so blood
cultures should be obtained from patients with
shock or other signs of sepsis despite appropriate
antimalarial therapy, and these patients should
receive broad-spectrum antibiotic therapy. Hypo-
glycemia will be less common when artesunate
is used rather than quinine or quinidine; none-
theless, it is important to monitor the patient’s
blood glucose level and provide supplementary
glucose as needed.

After the acute stage of the illness, artemisi-
nins should be partnered with longer-acting
drugs to ensure a high likelihood of cure. Ap-
propriate partner drugs that are available in the
United States are a 1-week course of doxycycline
or, in children or pregnant women, clindamycin,
or full courses of treatment with atovaquone—
proguanil or mefloquine (although the neuro-
psychiatric toxic effects of mefloquine may be
increased after cerebral malaria). All of these
drugs should be initiated after the patient can
tolerate oral medication.
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ADVERSE EFFECTS

Toxic effects have been reported less frequently
with the artemisinins than with other antima-
larial agents.?® The most common toxic effects
that have been identified are nausea, vomiting,
anorexia, and dizziness; these are probably due,
in many patients, to acute malaria rather than to
the drugs.*° More serious toxic effects, including
neutropenia, anemia, hemolysis, and elevated lev-
els of liver enzymes, have been noted rarely.** Two
cases of severe allergic reactions to oral artesunate
have been reported, with an estimated risk of ap-
proximately 1 reaction per 3000 treatments.*?

Neurotoxicity is the greatest concern regard-
ing artemisinins, since the administration of
high doses in laboratory animals has led to se-
vere and irreversible changes in the brain.*® Exten-
sive studies in many species showed that intra-
muscular dosing was more toxic than oral dosing
and that, by any route, fat-soluble artemisinins
were more toxic than artesunate.** In humans, an
episode of ataxia was reported after treatment
with oral artesunate,*> and one case—control study
showed hearing loss after the use of artemether—
lumefantrine,*® but auditory toxic effects were not
detected in another case—control study,*” and re-
ported toxic effects may have been due to under-
lying malaria or other factors that were indepen-
dent of artemisinin use. Multiple studies have
shown that neurologic findings are fairly com-
mon with acute malaria, but there is no convinc-
ing evidence of neurotoxic effects resulting from
standard oral or intravenous therapy with arte-
misinins. #4849

Another concern about artemisinins is em-
bryotoxic effects, which have been demonstrated
in animals.5° Studies from Asia®® and Africa,>?
including 44 treatments during the first trimes-
ter,5* showed similar levels of congenital abnor-
malities, stillbirths, and abortions in patients
who received and those who did not receive arte-
sunate during pregnancy. Limited data are avail-
able on the use of intravenous artesunate for
severe malaria during pregnancy.3*

AREAS OF UNCERTAINTY

A major concern with all antimalarial drugs is
resistance. The short half-lives of artemisinins
limit the possibility of selection for resistance.
Nonetheless, recent heavy use of artemisinins,

including monotherapy, has created selective pres-
sure. Some parasites isolated from French Guiana
and Senegal recently showed diminished in vitro
sensitivity to artemether,>* and the efficacies of
artemisinin-based combination agents have ap-
parently decreased along the Thailand—Cambo-
dia border.5* However, at present, the likelihood
of true artemisinin resistance in malaria para-
sites is low, and this concern should not prevent
the use of intravenous artesunate to treat severe
malaria.

GUIDELINES

The WHO recommends intravenous artesunate as
the treatment of choice for severe malaria in
adults and children in areas of low transmis-
sion.'? Data on children in high-transmission re-
gions are limited, and the WHO recommends
treatment with artesunate, artemether, or qui-
nine. For severe malaria during pregnancy, addi-
tional data regarding the risks of artemisinins
are needed.>® The WHO recommends artesunate
or quinine during the first trimester and artesu-
nate as the first-line therapy during the second
and third trimesters.

RECOMMENDATIONS

The patient in the vignette meets criteria for se-
vere falciparum malaria (Table 1) and should re-
ceive emergency treatment in an intensive care
unit, with careful attention to potential serious
complications, since he is at high risk for rapid
clinical deterioration. In particular, his respiratory
findings and altered renal status require close
observation, and mechanical ventilation and he-
modialysis or hemofiltration may be required as
his illness progresses. Until 2007, appropriate
therapy would have been intravenous quinidine.
Intravenous artesunate is now available. Since it
has been shown to have superior efficacy and is
likely to have fewer side effects and a better safety
profile than intravenous quinidine, it is now ap-
propriate therapy as long as it can be acquired
promptly. This last point is a major concern, since
intravenous artesunate will only be available rap-
idly for hospitals near CDC quarantine stations.
If artesunate cannot be obtained promptly and
quinidine is available, intravenous quinidine should
be used. For either drug, a 3-day course should be
given with either a 1-week course of doxycycline
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or a full course of treatment with atovaquone-

proguanil or mefloquine.
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