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a b s t r a c t 

Malaria is responsible for approximately three-quarters of a million deaths in humans globally each year. Most 
of the morbidity and mortality reported are from Sub-Saharan Africa and Asia, where the disease is endemic. In 
non-endemic areas, malaria is the most common cause of imported infection and is associated with significant 
mortality despite recent advancements and investments in elimination programs. Severe malaria often requires in- 
tensive care unit admission and can be complicated by cerebral malaria, respiratory distress, acute kidney injury, 
bleeding complications, and co-infection. Intensive care management includes prompt diagnosis and early initi- 
ation of effective antimalarial therapy, recognition of complications, and appropriate supportive care. However, 
the lack of diagnostic capacities due to limited advances in equipment, personnel, and infrastructure presents a 
challenge to the effective diagnosis and management of malaria. This article reviews the clinical classification, 
diagnosis, and management of malaria as relevant to critical care clinicians, highlighting the role of diagnostic 
capacity, treatment options, and supportive care. 
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Malaria is a curable but life-threatening parasitic disease
ften presenting as an acute febrile illness. The initial symp-
oms caused by members of the protozoan genus Plasmodium

re fever, headache, chills, and weakness, which commonly ap-
ear 10–15 days after an infected mosquito bite and sometimes
ose a diagnostic challenge; Figure 1 illustrates the life cycle of
lasmodium and how infection occurs.[ 1–4 ] 

Five species of the genus Plasmodium can cause malaria in
umans, namely, Plasmodium falciparum, Plasmodium knowlesi,

lasmodium malariae, Plasmodium ovale , and Plasmodium

ivax .[ 4 , 5 ] If left untreated for 6–24 h, P. falciparum malaria can
rogress to severe illness or death. Severe malaria and malaria-
elated deaths caused by other species of the genus Plasmod-

um such as P. malariae and P. vivax have been reported, but
he prevalence and mortality are low.[ 1 , 3 , 6–8 ] Managing severe
orms of the disease often requires intensive care unit (ICU) ad-
ission and may be complicated by acute kidney injury (AKI),

erebral malaria, respiratory distress, bleeding complications,
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nd co-infection with bacteria, fungi, or viruses.[ 9 ] As a compli-
ation, cerebral malaria has one of the highest mortality rates
n severe malaria.[ 10–12 ] 

Current evidence suggests that anti-parasite immune re-
ponses can efficiently control malaria infection at all para-
ite development stages and can prevent parasite infection un-
er certain circumstances.[ 13 ] However, immune dysfunction is
ommon among critically ill patients and an altered immune re-
ponse may affect morbidity and mortality.[ 14 , 15 ] Vascular dys-
unction is a reported feature of malaria pathogenesis and leads
o impaired blood perfusion, vascular obstruction, and tissue hy-
oxia according to Georgiadou and Cunnington.[ 16 ] Other fac-
ors, such as the adhesion of infected red blood cells (RBCs)
o the endothelium, endothelial activation, and reduced nitric
xide formation, have also been reported.[ 16 , 17 ] Emerging ev-
dence suggests that endothelial glycocalyx (eGC) (which pro-
ects the vasculature by maintaining vessel integrity and regu-
ating cellular adhesion and nitric oxide signaling pathways) can
reak down during Plasmodium infection, and that loss of eGC is
ssociated with vascular dysfunction and malaria severity.[ 16 , 18 ] 
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Figure 1. Life cycle of Plasmodium .[ 4 , 9 ] Image from the Centers for Disease Control and Prevention (www.cdc.gov) Public Health Library (PHL) and provided by 
CDC – DPDx/Alexander J. da Silva, Melanie Moser. Available via license: CC BY 4.0. 
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Early diagnosis followed by immediate treatment is an ef-
ective management strategy for malaria and fundamental to
educing ICU admissions and hospitalization, as well as pre-
enting deaths and reducing transmission.[ 19–22 ] Standard prac-
ice requires all suspected cases of malaria to be confirmed us-
ng parasite-based diagnostic testing through microscopy or a
apid diagnostic test (RDT).[ 20 , 23 ] Primarily, treatment guaran-
ees the complete elimination of Plasmodium parasites in a pa-
ient to prevent uncomplicated malaria from progressing to se-
ere disease or death.[ 1 , 24 ] The existing treatment recommen-
ations are artemisinin-based compounds as first-line agents
n the clinical management of complicated and uncomplicated
alaria.[ 20 , 25–28 ] However, treatment options are being threat-

ned by the emergence of antimicrobial resistance.[ 19 , 29 , 30 ] 

The World Health Organization (WHO) has recommended
ffective vector control and access to preventive antimalarial
rugs as malaria prevention tools and strategies. These efforts
lign with the global targets of WHO set to be realized by
030 and the United Nations Sustainable Development Goals
SDGs).[ 31–35 ] Although this initiative has impacted and reduced
he global burden of the disease, malaria diagnosis, and manage-
ent in the ICU remain a challenge amidst threats imposed by

ntimicrobial resistance.[ 19 , 36 , 37 ] This review provides valuable
nd critical information on the diagnosis and management of
alaria in the ICU. 

eneral Epidemiology 

In 2021, there were an estimated 247 million cases of
alaria and 619,000 malaria deaths worldwide.[ 1 ] According to
4

HO,[ 38 ] P. falciparum is the highest priority malaria species,
ausing 99% of malaria cases in Africa and 66% of cases in
outh ‐East Asia. Aside P. falciparum, P. vivax is more prevalent in
outh-East Asian countries and India and is responsible for most
omplications along with P. falciparum .[ 9,39,46 , ] The majority of
evere malaria cases are caused by P. falciparum . Approximately
0% of imported P. falciparum malaria cases in the US report
evere illness with a 1% case fatality rate.[ 40 ] Generally, case
atality varies between 5% and 50% depending on the severity
f the complication presented, the availability of optimal anti-
alarial therapy (parenteral artesunate), and the initiation of

ppropriate supportive measures.[ 41 , 42 ] Further information is
n Supplementary file 1.[ 43–61 ] 

linical Manifestation 

Positive outcomes in the clinical management and prog-
osis of malaria depend on early recognition, detailed clini-
al information, and timely effective treatment. The signs re-
uiring ICU management include multiple organ dysfunction,
oma, stupor, severe anemia, acute respiratory distress syn-
rome (ARDS), hypoglycemia, shock, metabolic acidosis, AKI,
nd cerebral malaria.[ 41 , 58 , 62–64 ] 

Approximately 10–15 days after a bite by an infected
osquito, acute febrile disease symptoms like fever, headache,

hivering, and vomiting appear.[ 22 , 65 , 66 ] These symptoms are
on-specific. As a result, severe malaria must be distinguished
rom bacterial sepsis, meningitis, intoxications, non-infectious
auses of coma, viral encephalitis, viral hemorrhagic fevers
such as dengue, severe influenza, leptospirosis, and typhoid
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ever), and rickettsial disorders (such as typhus and viral hepati-
is) for effective management.[ 41 , 42 , 67 , 68 ] A typical case scenario
s that headaches in malaria may be severe but are not associ-
ted with the neck stiffness or photophobia that are common in
acterial meningitis.[ 42 , 69 ] 

The main manifestations and complications are under the
ater section, management of severe malaria. 

linical Classification 

Malaria may be uncomplicated or severe based on a patient’s
linical presentation ( Table 1 ).[ 25 , 69 ] Severe malaria is a medical
mergency, with cerebral malaria and acute respiratory distress
eing the most common reasons for admission to the ICU.[ 69 ] 

or imported cases of malaria, early and accurate assessment
f disease severity using the Acute Physiologic Assessment and
hronic Health Evaluation (APACHE) II scoring system, simpli-
ed acute physiology score (SAPS II), or Glasgow coma score
GCS) is essential for effective management.[ 26 ] 

iagnostic Testing and Investigations 

Diagnostic methods are fundamental in the prompt manage-
ent of malaria in the ICU. The methods range from conven-

ional procedures such as microscopy (peripheral blood smear
nd routine quantitative buffy coat) and RDT to more advanced
echniques like loop-mediated isothermal amplification, poly-
erase chain reaction (PCR), and molecular-based point-of-care

est. All of these methods detect the presence of parasites within
he patient’s blood ( Table 2 ).[ 70–72 ] A detailed description of the
ethods is provided in Supplementary file 2.[ 73–113 ] 

reatment and Management 

Management of malaria in the ICU depends on various
actors, including whether the disease is uncomplicated or
evere, the patient’s physiology, and the pharmacodynam-
cs/pharmacokinetics of the available antimalarial(s).[ 28 , 114 ] 
able 1 

lassification of malaria; constructed according to the WHO guidelines for the 
reatment of malaria[ 3 , 7 , 31 ] ; available for use without permission. 

Class of malaria Definition 

Uncomplicated 
malaria 

Patients who have symptoms of malaria with a positive 
result from microscopy or RDT but have no signs or 
symptoms of end-organ dysfunction. 

Severe malaria[ 20 , 47 ] Patients have > 10% P. falciparum malaria parasitemia with 
signs of organ dysfunction. 
Patients have the following signs: prostration; multiple 
convulsions ( > 2 episodes in 24 h); GCS of < 11 in adults or 
Blantyre Coma score of < 3 in children; severe acidosis with 
serum lactate ≥ 5 mmol/L or serum bicarbonate of 
< 15 mmol/L, which often manifests as respiratory distress; 
hypoglycemia, RBS < 2.2 mmol/L; severe anemia, < 5 g/dL 
in children or < 7 g/dL in adults; renal dysfunction, serum 

creatinine > 265 μmol/L; urea > 20 mmol/L; coagulopathy; 
and shock. 

CS: Glasgow coma score; RBS: Random blood sugar; RDT: Rapid diagnostic 
est; WHO: World Health Organization. 

a  

g  

f  

i  

d  

f  

s  

i  

t  

t  

e  

t  

a  

r  

s  

t  

c  

m  

n

5

harmacodynamic/pharmacokinetic characteristics 

rtemisinin-based combination therapy (ACT) 

Artesunate, artemether, and dihydroartemisinin (DHA)
erivatives of artemisinin are the mainstays for the treatment
f uncomplicated and complicated malaria ( Tables 3 and 4 )
nd multidrug-resistant P. falciparum malaria in Ghana.[ 27 ] De-
ived from sweet wormwood ( Artemisia annua ), these drugs
ave shown high tolerability and efficacy profiles in vulnera-
le groups such as infants, children, and pregnant women, al-
hough they have side effects, and have replaced chloroquine
ue to resistance.[ 115 ] 

The antimalarial activity of the artemisinins is due to the en-
operoxide trioxane moiety of this group of drugs. The endoper-
xide bridges (deoxyartemisinin) are proven to be particularly
mportant in artemisinins antimalarial activity. Upon a reaction
ith iron (Fe2 + ), the endoperoxide bridges produce free oxygen

adicals by a reductive process. These free radicals cause oxida-
ive stress, which leads to the inhibition of protein and nucleic
cid synthesis and decreased parasite survival.[ 116 ] Artesunate
nd DHA are active against the asexual stages of the parasite
nd gametocytes of species of the genus Plasmodium .[ 117 ] The
erivatives of artemisinin are obtained from changes or substitu-
ions in the tenth carbon position (C10) of the parent compound
rtemisinin.[ 118 ] These drugs exhibit high potency, rapid para-
ite clearance, and a wide therapeutic index. The artemisinin
erivatives are converted rapidly to the active metabolite DHA
nce absorbed and changed into inactive metabolites by cy-
ochrome P450 in hepatocytes.[ 116 , 119 ] 

Artesunate is hydrolyzed rapidly to DHA, and the antimalar-
al activity of artesunate is predominantly mediated by DHA,
hich is approximately 90% bound to plasma proteins.[ 118–120 ] 

rtemether, on the contrary, is slowly converted to DHA. Crit-
cally ill patients with low serum albumin may experience in-
olerable effects of artemisinins because of decreased protein
inding and high serum concentrations of DHA. Differences
n responses to artemisinins may be due to variations result-
ng from auto-induction and inhibition of cytochrome P450 en-
ymes, particularly CYP2B6 and CYP3A4.[ 121 ] 

The artemisinins have been formulated for oral, par-
nteral, and rectal administrations.[ 20 , 30 ] Orally administered
rtemisinin rapidly achieves ideal serum concentrations with
ood absolute bioavailability after a single oral dose of the drug
or uncomplicated malaria.[ 122 ] However, physiological changes
n patients that result in prolonged gastrointestinal time and re-
uced gastric motility, as seen in patients with ileus, may af-
ect the bioavailability of orally administered artemisinin. The
odium salt of artesunate for intravenous (IV) administration
s widely used in severe malaria.[ 122 ] Intramuscularly adminis-
ered artemether exhibits variable bioavailability and absorp-
ion compared with the oral route.[ 123 ] Consequently, the par-
nteral route of administration is preferred for this agent. Fur-
hermore, there may be a pharmacokinetic disadvantage when
rtemether is administered intramuscularly in patients with a
educed blood supply to the injection site, as observed in shock
tates.[ 124 ] There are indications that rapid but erratic absorp-
ion of rectally administered artesunate with peak serum DHA
oncentrations occurs within approximately 2 h, and this treat-
ent may be useful for patients in whom oral administration is
ot possible.[ 125 ] 
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Table 2 

Comparison among microscopy, RDT, and PCR for diagnosis of malaria[ 72 ] ∗ 

Parameter Microscopy RDT PCR 

Principle technique Morphologic interpretation Antigen and antibody binding DNA amplification 
Target diagnostic All stages of the parasite (early 

trophozoite, mature trophozoite, schizont, 
and gametocyte) 

Pf HRP2, Pf ‐pLDH, Pv ‐pLDH, pan ‐pLDH, 
aldolase, and Pf GAPDH 

Small subunit rRNA/ssrRNA, SICAvar 

gene 

Sensitivity Up to 5 parasites/μL (the expert 
microscopist), 50–100 parasites/μL (the 
average microscopist) 

50–250 parasites/μL Below 5 parasites/μL 

Specificity High (unless for P. knowlesi ), difficult to 
distinguish mixed and single infections 

Moderate (limited to P. falciparum and P. 

vivax ), cannot identify P. ovale, P. 

malariae, and P. knowlesi 

High, can identify and differentiate 
among species 

Time consumed Up to 60 min 10–20 min 2–8 h 
Interpretation Quantitative Qualitative Quantitative and qualitative 
Advantages Low direct cost, can be stored for a long 

time 
Simple, fast, more practical, and 
applicable method 

Requires only a small sample 

Disadvantages Needs special equipment and well ‐trained 
technicians 

Cannot be used for drug monitoring, more 
expensive 

Supply costs, machinery fees, and training 
expenses 

∗ Copyright © Creative Commons 2022, adapted with permission. 
PCR: Polymerase chain reaction; PfGAPDH: P. falciparum glyceraldehyde ‐3 ‐phosphate dehydrogenase; PfHRP2: P. falciparum histidine ‐rich protein ‐2; Pf ‐pLDH: P. fal- 

ciparum parasite lactate dehydrogenase; Pv ‐pLDH: P. vivax specific pLDH; pan ‐pLDH: Common human Plasmodium LDH; RDT: Rapid diagnostic test; rRNA: Ribosomal 
ribonucleic acid; SICAvar : Schizont-infected cell agglutination variant; ssrRNA: Single-stranded ribosomal ribonucleic acid. 

Table 3 

List of available ACTs used in the treatment of uncomplicated malaria and their dosages.[ 31 ] 

Name of medication Regime recommended Dose according to body weight 

Artemether–lumefantrine 
(AL) 

First-line recommended ACT for adults, children, 
pregnant women, and lactating mothers 
3-day schedule; 
Patients ≥ 35 kg: 4 tablets (based on artemether 
20 mg and lumefantrine 120 mg at 0 h and 8 h on 
day 1, every 12 hours on days 2 and 3) 

Artemether + Lumefantrine 
Twice daily dosing regimen 
5 kg to < 15 kg 
15 kg to < 25 kg 
25 kg to < 35 kg 
≥ 35 kg 

20 + 120 mg 
40 + 240 mg 
60 + 360 mg 
80 + 480 mg 

Artesunate–amodiaquine 
(AA) 

Artesunate 4 mg/kg (range 2–10 mg/kg) and 
amodiaquine 10 mg/kg (range 7.5–15 mg/kg) 
once daily for 3 days 

Artesunate + Amodiaquine 
Once daily dosing regimen 
4.5 kg to < 9 kg 
9 kg to < 18 kg 
18 kg to < 36 kg 
≥ 36 kg 

25 + 67.5 mg 
50 + 135 mg 
100 + 270 mg 
200 + 540 mg 

Artesunate–mefloquine 
(ASMQ) 

Artesunate 4 mg/kg 
Mefloquine 8 mg/kg 
once daily for 3 days 

Artesunate + Mefloquine 
Once daily dosing regimen 
5 kg to < 9 kg 
9 kg to < 18 kg 
18 kg to < 30 kg 
≥ 30 kg 

25 + 55 mg 
50 + 110 mg 
100 + 220 mg 
200 + 440 mg 

DHA–piperaquine DHA 2 mg/kg and piperaquine 16 mg/kg once 
daily for 3 days 

Dihydroartemisinin + Piperaquine 
Once daily dosing regimen 
5 kg to < 8 kg 
8 kg to < 11 kg 
11 kg to < 17 kg 
17 kg to < 25 kg 
25 kg to < 36 kg 
36 kg to < 60 kg 
60 kg to < 80 kg 
≥ 80 kg 

20 + 160 mg 
30 + 240 mg 
40 + 320 mg 
60 + 480 mg 
80 + 640 mg 
120 + 960 mg 
160 + 1280 mg 
200 + 1600 mg 

Artesunate + sulfadoxine–
pyrimethamine 
(AS + SP) 

Artesunate 4 mg/kg given once daily for 
3 days + single administration of 25/1.25 mg/kg 
sulfadoxine–pyrimethamine 

Artesunate (Once daily for 3 days) + 
Sulfadoxine/Pyrimethamine 
(Single dose on day 1) 
5 kg to < 10 kg 
10 kg to < 25 kg 
25 kg to < 50 kg 
≥ 50 kg 

25 + 250/12.5 mg 
50 + 500/25 mg 
100 + 1000/50 mg 
200 + 1500/75 mg 

Artesunate + pyronaridine 
(ASPY) 

Artesunate + Pyronaridine 
Once daily dosing regimen 
≥ 5 kg to < 20 kg 
≥ 20 kg 
20 + 60 mg 

60 + 180 mg 

Source: World Health Organization. (2010). WHO Guidelines for the treatment of malaria. 
ACT: Artemisinin-based combination therapy; DHA: Dihydroartemisinin. 

6
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Table 4 

Summary of treatment options for severe malaria.[ 31 ] 

Medication Loading dosing Maintenance 
dosing 

Recommended dosage Special considerations 

IV artesunate Recommended first line for severe malaria in 
adults, children, and pregnant women: 
For patients < 20 kg: 3 mg/kg per dose; 
For patients > 20 kg: 2.4 mg/kg per dose 
Administer one dose at 0 h, 12 h, and 24 h. 
Complete treatment with 3 days of ACT once the 
patient can tolerate orals after 24 h. 

Where ACTs are not available, options for 
follow-up treatment after completion of 
parenteral treatment include: 
Oral doxycycline: 100 mg twice daily for 
adults, 2.2 mg/kg (max dose 100 mg) for 
pediatrics 
Oral clindamycin: 20 mg/(kg·day) in 3 
divided doses for adults and children 

IM artemether 3.2 mg/kg 1.6 mg/kg An initial dose of 3.2 mg/kg followed by a 
maintenance dose of 1.6 mg/kg daily. 
Administer a dose at 0 h, 8 h, and 24 h. 
Complete treatment with 3 days of ACT once the 
patient can tolerate orals after 24 h. 

IV/IM quinine 
Dose adjustments required 
for patients with renal 
impairment 

20 mg/kg 10 mg/kg Loading dose: 20 mg/kg followed by a 
maintenance dose of 10 mg/kg. 
Must be given as an infusion as administration as 
bolus may result in lethal hypotension. 

Source: World Health Organization. (2010). WHO Guidelines for the treatment of malaria. 
ACT: Artemisinin-based combination therapy; IM: Intramuscular; IV: Intravenous. 
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Owing to their rapid parasiticidal activity, the artemisinins
re extremely valuable considering the condition of most pa-
ients admitted to the ICU. However, the short half-life of the
rtemisinins means they are not reliable for prophylaxis. Fur-
hermore, repeated dosing of these agents leads to increased
rug clearance, potentially due to auto-induction of hepatic en-
ymes, although they achieve initial parasite clearance rates
y a factor of 104 per 48 h during the asexual cycle of the
arasite.[ 126 ] This limitation in the monotherapy use is off-
et with combination products such as DHA–piperaquine and
rtemether–lumefantrine for oral administration once the pa-
ient can tolerate feeding and in uncomplicated malaria. Piper-
quine and lumefantrine have long plasma half-lives.[ 127 , 128 ] 

Some pharmacokinetic changes such as reduced gastroin-
estinal motility, changes in total body water and fat content,
nd increased plasma volume in pregnancy may alter the ab-
orption and distribution resulting in low serum concentrations
f artesunate, artemether, and DHA in pregnant women.[ 129 , 130 ] 

owever, artemisinin-based combination therapies (ACTs) are
ecommended as first-line antimalarials by WHO for manag-
ng uncomplicated malaria in the second and third trimesters
f pregnancy.[ 131 ] 

Artemether–lumefantrine is available as a dispersible tablet
nd can be administered easily via a nasogastric tube. This ACT
as a short duration of action and a broad therapeutic index, re-
ucing the incidence of drug accumulation and hence untoward
ffects.[ 132 ] QT prolongation may occur with the administration
f DHA–piperaquine; thus, this ACT should be avoided in pa-
ients with clinically significant arrhythmias.[ 133 , 134 ] 

As a potential partner drug for artesunate, pyronaridine was
eveloped in China in the mid ‐1970s, using the nucleus of
n earlier antimalarial compound (mepacrine) with an added
modiaquine side ‐chain.[ 135 ] Pyronaridine was used by clin-
cians extensively as monotherapy for P. falciparum and P.

ivax infections in China.[ 136 ] However, concerns about ob-
erved resistance in vitro resulted in its recommendation to be
sed in combination with sulfadoxine and pyrimethamine, and
rimaquine.[ 135 ] 

As a treatment option for uncomplicated malaria, Artesunate-
yronaridine is taken once daily for 3 days, provided as tablets
7

or adults and children over 20 kg, or in granules for children
nd infants between 5 kg and 20 kg.[ 137 ] 

The mode of action of pyronaridine is unclear, with sev-
ral possible mechanisms reported in Croft et al.,[ 138 ] but it has
hown potent activity in vitro against P. falciparum .[ 138 , 139 ] In ad-
ition, pyronaridine – as monotherapy or as a combination with
rtesunate – has shown potency against P. falciparum with resis-
ance to other antimalarials, including chloroquine, cycloguanil,
modiaquine, and sulfadoxine–pyrimethamine.[ 140 , 141 ] 

uinine 

Quinine, a cinchona alkaloid derived from the dried bark
f the Cinchona tree, has long been used for the manage-
ent of severe malaria, notably in pregnancy.[ 142 ] Quinidine,
hich is the enantiomer of quinine, is used as an antiarrhyth-
ic agent.[ 143,144 ] Quinine was the mainstay for malaria treat-
ent until the development of newer antimalarials such as

rtemisinins in recent years. However, quinine continues to play
 key role in managing malaria amidst the challenge of chloro-
uine resistance, and oral quinine can be used as an alternative
o first choice artemether–lumefantrine in managing malaria
uring treatment failure.[ 20 ] 

Quinine acts by interfering with the detoxification processes
nd heme polymerization within the parasite’s food vacuole and
nhibits parasitic growth.[ 145 ] Quinine exhibits high schizontici-
al activity against the asexual erythrocytic forms of P. falci-

arum and has activity against the gametocyte stages of P. vivax

nd P. malariae .[ 146 ] 

Oral and parenteral forms of quinine as sulfate and dihy-
rochloride salts, respectively, are commonly used in clinical
ractice.[ 20 ] However, intramuscular (IM) administration of the
rug leads to abscess formation, hence the IV route is often
referred.[ 146 ] 

The pharmacokinetic parameters of quinine vary among dif-
erent age groups and disease states.[ 147 ] Quinine displays a
apid absorption profile when administered orally and parenter-
lly. Furthermore, quinine is widely distributed in plasma and
redominantly protein bound, especially to alpha 1 acid glyco-
rotein, which is an acute phase reactant protein that is often
levated in patients with acute malaria.[ 148 ] High levels of alpha
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 acid glycoprotein in severe malaria reduce the levels of free
uinine, hence toxicity to this drug may be uncommon. Quinine
ndergoes elimination through hepatic biotransformation by cy-
ochrome P450 3A4 enzymes, with a small fraction excreted un-
hanged in the urine.[ 149 ] Children exhibit a low volume of dis-
ribution compared with adults, whose elimination is poor with
educed clearance. A low volume of distribution and clearance
s also often observed in patients with severe malaria, probably
ue to increased levels of alpha 1 acid glycoprotein.[ 148 ] 

Quinine has a narrow therapeutic index. Therefore, signs
f toxicity may be apparent at therapeutic serum concentra-
ions. In states of significant hepatic impairment, reduced bio-
ransformation of the drug to nontoxic metabolites for excre-
ion may lead to an increase in free drug levels and hence tox-
city even when normal doses are administered.[ 149 ] There are
o dosage adjustments for quinine in mild to moderate renal
mpairment making it generally not recommendable in cases of
evere malaria.[ 30 ] The frequency of quinine administration is
ltered per estimated creatinine clearance (CrCL), that is, every
–12 hours if CrCL is 10–50 mL/min and every 24 hours if CrCL
 10 mL/min. No dosage adjustment is required in mild to mod-
rate hepatic impairment (Child-Pugh Class A and B) and should
e avoided in severe hepatic impairment.[ 150 ] Therapeutic doses
re safe and recommended for use in the first trimester of preg-
ancy. However, quinine use is associated with hypoglycemia
n pregnant women and periodic blood glucose monitoring may
herefore be required.[ 151 , 152 ] 

Common signs of quinine toxicity include nausea, vomiting,
innitus, reversible hearing loss, headache and visual distur-
ances, and others. Neural, retinal, and auditory impairments
re classic signs of cinchonism from drug toxicity.[ 74 , 153 ] In-
olerance may be minimized when oral forms of quinine are
dministered with food. A rapid IV injection may lead to hy-
otension. Quinine-induced hypoglycemia may also occur.[ 154 ] 

emolytic anemia has been reported in patients treated with
uinine, especially those with glucose-6-phosphate dehydroge-
ase deficiency.[ 155 ] 

lindamycin 

Clindamycin, which is a lincosamide antibiotic with gram-
ositive and anaerobic microbial coverage, is an effective treat-
ent for uncomplicated malaria caused by P. falciparum .[ 156 , 157 ] 

t is often used in combination with quinine, and the efficacy
f this combination has been reported to be comparable to
CT.[ 20 , 158 , 159 ] Clindamycin inhibits protein synthesis by bind-

ng to the 50S ribosomal subunit and suppressing the initia-
ion of peptide chain synthesis.[ 160 ] Clindamycin is available in
ral formulations (clindamycin hydrochloride and clindamycin
almitate) and IV preparations (clindamycin phosphate). Oral
orms of the drug are well absorbed from the gastrointestinal
ract. However, absorption may be reduced in patients with gas-
rointestinal mucosal edema, as is reported in cases of heart
ailure.[ 161 ] 

Clindamycin undergoes hepatic metabolism into active
etabolites and is subsequently excreted into the bile, with

nly a small fraction excreted by the kidneys. The half-life of
he medication is not altered in patients with kidney impair-
ent, but hepatic impairment may decrease elimination and
rolong the half-life.[ 161 ] No dosage adjustments are recom-
ended for patients with mild to moderate hepatic impairment.
8

onsequently, the drug is used with caution in severe cases of
epatic impairment with periodic monitoring of liver enzymes
uring therapy.[ 162 ] Co-administration with drugs that are cy-
ochrome P450 enzyme inducers, such as rifampicin, may re-
uce the serum concentration of clindamycin and may affect
he minimum effective concentration and minimum inhibitory
oncentration.[ 157 ] 

Metabolites of clindamycin are effective against P. falci-

arum , although the drug slowly accumulates in the parasite
nd produces a delayed effect. [ 159 ] Evidence is available ac-
ording to Saito et al.[ 159 ] for the safe use of clindamycin in preg-
ancy, and a quinine combination with clindamycin has demon-
trated safety with acceptable cure rates in pregnant moth-
rs. However, gastrointestinal disturbances are common side ef-
ects reported with clindamycin use as with Clostridioides difficile

iarrhea.[ 163–165 ] 

anagement of severe malaria 

Treatment for severe malaria encompasses specific anti-
alarial treatment and supportive care provided to address
hysiologic dysfunction resulting from the presence of malaria
arasites. The provision of supportive care is instrumental in dis-
ase management due to the organ dysfunction that is usually
resent in such patients. If not addressed promptly, this organ
ysfunction may result in poor outcomes such as severe mor-
idity with residual long-term effects or mortality, particularly
n patients with cerebral malaria. The mortality rate in cerebral
alaria is 15%–20%, even when treated, and rises to > 30% in
atients with multiple organ dysfunction who are managed in
he ICU. In this review, supportive care will be grouped into
eneral and specific measures to address the complications.[ 166 ] 

eneral measures 

luid therapy 
The findings from the Fluid Expansion as Supportive Ther-

py (FEAST) trial[ 167 ] created a paradigm shift in the fluid man-
gement of critically ill patients, with a movement from liberal
uid therapy to conservative fluid therapy. The current recom-
endation is individualized conservative fluid management for
atients with severe malaria.[ 168 ] Key factors that affect fluid ad-
inistration include peripheral perfusion, venous filling, blood
ressure, skin turgor, and urine output, and these parameters
equire continuous monitoring in all patients. Patients in the
CU of well-resourced settings benefit from the use of more so-
histicated invasive and non-invasive techniques to estimate
ntravascular volume and aid decision-making on fluid man-
gement. These techniques include invasive procedures such as
lobal end-diastolic volume index and pulmonary artery occlu-
ion pressure, and non-invasive procedures such as echocardio-
rams to estimate stroke volume and ultrasound of the inferior
ena cava diameter and collapsibility.[ 168 ] 

utrition 

Feeding should commence as soon as the patient can eat or
rink. For patients who present with reduced consciousness,
eeding should be initiated through a nasogastric tube with
ariable meal preparations dependent on geographical location.
here is a risk of pneumonia caused by aspiration of gastric
ontents, particularly in patients with reduced consciousness.



G. Akafity, N. Kumi and J. Ashong Journal of Intensive Medicine 4 (2024) 3–15

T  

u  

n

H
 

m  

p  

g  

c  

a  

r  

m  

o  

m  

f  

p  

w  

d  

i  

a  

w  

b

S

 

m  

–  

n  

w  

a  

r  

P  

e  

p  

p  

t  

a  

o  

h
 

t  

o  

t  

s  

d  

e  

e  

m  

c  

i  

T
 

o  

d  

m  

t  

c  

t

 

P  

b  

m  

t  

t  

t  

a  

w  

p

S

C

 

c  

c  

a  

m  

f  

s
 

u  

b  

t  

h  

l  

s  

f  

e  

e
 

i
5  

t  

m  

a  

1  

r  

a
 

i  

p  

c  

m  

r  

a  

c  

d  

A  

i

C

 

b  

a  

u  

c  
herefore, once feeding is initiated, IV fluids are reduced grad-
ally until completely discontinued when the patient’s mainte-
ance requirement is provided by the feeds given.[ 169 , 170 ] 

yperpyrexia 
High temperatures are common in patients with severe

alaria and demonstrate the host response to the endogenous
yrogens released when schizonts rupture.[ 169 ] Adopting strin-
ent measures to ensure temperature control is crucial, espe-
ially considering the association between high temperatures
nd convulsions in children. Temperature control may also help
educe long-term neurologic outcomes in children with cerebral
alaria. Management of hyperpyrexia includes administration

f paracetamol 15 mg/kg body weight every 6 hours (maxi-
um dose 1000 mg/day) in pediatrics and 1 g every 6 hours

or adults. The route of administration can be oral or rectal (sup-
ository), depending on the patient’s ability to swallow. In cases
here fever persists, ibuprofen 10 mg/kg every 6 hours for pe-
iatrics, and 400 mg every 8 hours for adults can be admin-
stered alternatively with paracetamol. However, non-steroidal
nti-inflammatory drugs (NSAIDs) like ibuprofen are associated
ith renal dysfunction and often low platelet counts and should
e used with caution.[ 169 , 170 ] 

pecific measures 

Severe malaria requires prompt parenteral antimalarial treat-
ent once a diagnosis has been made. Parenteral artemisinins
artesunate, artemether, and other antimalarials such as qui-

ine – are all suitable for treating severe malaria.[ 20 , 148 , 171 , 172 ] In
estern Cambodia, studies on artemisinin alone have reported
 parasite clearance time (PCT) of 84 h. However, this time was
elated to artemisinin resistance.[ 173 , 174 ] In African patients, the
CT observed is much lower (32 h) than that reported in west-
rn Cambodia. A delayed PCT of 72 h is reported as an in vivo

redictor of treatment failure and an indicator of choice for sus-
ected artemisinin resistance in P. falciparum .[ 175 , 176 ] The es-
imated PCT is 48 h for both artesunate + amodiaquine and
rtemether + lumefantrine. Parasitemia can be measured daily
r only on days 0, 2, and 3 in accordance with WHO guidelines;
owever, this process does require frequent sampling.[ 177 ] 

Artesunate – IV or IM – is recommended as the first-choice
reatment for severe malaria, to be administered for a minimum
f 24 h, following its demonstrated superiority in reducing mor-
ality as well as its safety profile when compared to alternatives
uch as quinine. The current dosing regimen is 3 mg/kg for chil-
ren weighing < 20 kg, and 2.4 mg/kg for patients > 20 kg given
very 12 hours for at least 24 h. Upon completion of the par-
nteral treatment, once a patient can tolerate orals, the recom-
endation is to continue and complete treatment with a full

ourse of oral ACTs. In the absence of IV artesunate, alternative
nitial parenteral medications that can be used are included in
able 4 .[ 20 ] 

Quinine can be administered intravenously in a continu-
us infusion or given intramuscularly.[ 20 , 171 ] The recommended
osage of quinine is a loading dose of 20 mg/kg followed by a
aintenance dose of 10 mg/kg every 8 hours. In settings where

he ACTs are not readily available, parenteral treatment can be
ontinued with clindamycin or doxycycline for 7 days following
he last parenteral dose ( Table 4 ).[ 20 , 94 , 147 ] 
9

It is estimated that 6% of children hospitalized with severe
. falciparum malaria in Africa may present with associated
acteremia.[ 178 ] WHO recommends that all children with severe
alaria should receive empirical antibacterial therapy in addi-

ion to parenteral artesunate, especially in places where defini-
ive therapy cannot be established through bedside examina-
ion or simple laboratory tests. For adults, antibacterial ther-
py is only suggested when a clinical syndrome is compatible
ith a serious bacterial infection, particularly in critically ill
atients.[ 179 ] 

pecific Complications 

erebral malaria 

Cerebral malaria is a medical emergency requiring an urgent
linical assessment and treatment. Signs of this complication in-
lude altered consciousness, convulsions, ataxia, hemiparesis,
nd other neurologic and psychiatric impairments. The recom-
endation is that all patients with positive diagnostic tests for P.

alciparum malaria with neurologic manifestations of any degree
hould be treated as cases of cerebral malaria.[ 41 , 180 ] 

Diagnosis of cerebral malaria requires the presence of asex-
al P. falciparum in a peripheral blood smear, in thick and thin
lood smear films. Sequestration of parasitized RBCs may cause
he absence of parasites in some patients even though they may
ave cerebral malaria. The recommendations are to obtain at
east three smears 6 h apart for examination; all three smears
hould be negative before excluding cerebral malaria. Other use-
ul tests include RDT (antigen detection test) and PCR, although
xaminations using cerebrospinal fluid (CSF) are necessary to
xclude other causes.[ 41 , 181 , 182 ] 

According to Misra et al. ,[ 182 ] the CSF in cerebral malaria
s generally normal but cases with mild pleocytosis (10–
0 cells/mm3 ) and protein up to 200 mg/dL must be attended
o. The review further indicates that computed tomography and
agnetic resonance imaging usually are normal or show edema

nd cortical or subcortical infarcts in the watershed zone in
5%–20% of patients. Other findings include electroencephalog-
aphy results showing a diffuse slowing, spike-wave discharges,
nd burst suppression pattern. 

Treatment of cerebral malaria must be prompt while await-
ng confirmation of the diagnosis. Treatment options include
arenteral artemisinin derivatives or quinine. In a randomized
ontrol trial involving adult participants, artesunate reduced
ortality by 34.7% compared to quinine, and reduced the occur-

ence of convulsion, coma, and hypoglycemia. In older patients
nd patients with cardiac disease, recommendations are that the
orrected QT (QTc) interval should be monitored and quinine
iscontinued if the QTc interval exceeds 25% of the basal value.
 prompt oral switch should be completed as soon as the patient

s capable.[ 182 , 183 ] 

onvulsions 

Convulsions may be seen in patients diagnosed with cere-
ral malaria as well as in those without a cerebral malaria di-
gnosis. In children under 5 years, convulsions may be due to
ntreated hyperpyrexia (febrile convulsion). Management prin-
iples require a clinician to ensure a patent airway, check blood



G. Akafity, N. Kumi and J. Ashong Journal of Intensive Medicine 4 (2024) 3–15

g  

A  

l
 

m  

c  

l  

s  

a  

l  

h  

h  

n  

i  

n  

p  

m

H

S

 

t  

l  

a  

a  

s  

t  

b  

c  

h  

s  

t  

t  

b  

a  

c
T  

p  

p  

f  

p  

b  

i  

a

C

 

d  

n  

o  

o  

a  

i  

5  

(  

b  

i

R

 

c  

l  

a  

a
E  

p  

l  

r  

r  

s  

o  

a  

p  

i  

m  

a  

(  

a
T  

d  

v

R

 

w  

u  

f  

w  

p  

t
 

o  

i  

t  

d  

s  

a
 

m  

s  

m  

b  

t  

h  

c  

i  

a  

w  

o  

a  

t  

p  

a  

s  

a  

a

lucose and ensure normoglycemia, and abort the convulsion.
nticonvulsants that may be used include IV or rectal diazepam,

orazepam, midazolam, or IM paraldehyde.[ 20 , 29 , 41 ] 

With increasing insight into the pathogenesis of cerebral
alaria, several adjunctive treatments have been proposed in-

luding heparin, prostacyclin, desferrioxamine, pentoxifylline,
ow-molecular-mass dextran, urea, aspirin anti-tumor necro-
is factor (TNF) antibody, cyclosporine A, dichloroacetate,
drenaline, hyperimmune serum, N -acetylcysteine, and bo-
us administration of albumin. However, all these treatments
ave been ineffective and are not recommended. Steroids
ave been proposed as a strategy to combat cerebral edema
oted in patients with cerebral malaria; however, there is ev-
dence of no benefits and an increased risk of gastrointesti-
al bleeding and seizures. This makes steroids an inappro-
riate choice for managing edema in patients with cerebral
alaria.[ 20 , 29 ] 

ematologic complications 

evere anemia 

WHO defines severe malaria as a hemoglobin (Hb) concen-
ration of ≤ 5 g/dL or hematocrit (Hct) of ≤ 15% in children
ess than 12 years of age, or Hb < 7 g/dL with Hct < 20% in
dults with a parasite count > 100,000/μL. The pathogenesis of
nemia in severe malaria is multifactorial. Hemolysis of para-
itized cells, increased clearance of abnormal erythrocytes (ery-
hrocytes with antibody coating or with reduced deformability)
y the spleen and dyserythropoiesis have been outlined as major
ontributors to severe malarial anemia.[ 184 ] Artesunate-induced
emolysis, also referred to as post-artemisinin delayed hemoly-
is (PADH), has recently been reported as a possible contributor
o anemia in patients with severe malaria. The mechanism, al-
hough not fully understood, is speculated to be a result of the
reakdown of RBCs following the destruction of the parasites
fter artesunate administration. This has been reported to oc-
ur within days to 4 weeks post-artesunate administration.[ 47 ] 

ransfusion of fresh cross-matched blood is recommended in
atients with severe malaria; however, given the variations in
athophysiology and clinical presentation, the decision to trans-
use must be taken on a patient-to-patient basis.[ 20 , 184 , 185 ] The
ractice of exchange transfusions has been reported anecdotally,
ut there are currently no recommendations for its use as there
s no consensus on the indications and procedure, advantages,
nd risks involved.[ 20 ] 

oagulopathy 

The loss of eGC in severe malaria is associated with vascular
ysfunction, endothelial activation, and reduced availability of
itric oxide.[ 18 ] Microvascular obstruction by fibrin and thrombi
ccurs due to endothelial damage and dysregulated activation
f the coagulation pathway. Thrombocytopenia is also common
s a result of this process. However, clinically evident dissem-
nated intravascular coagulation in severe malaria is less than
%.[ 166 ] Treatment of disseminated intravascular coagulation
DIC) involves transfusion with blood products – fresh whole
lood, fresh frozen plasma, and platelets, if available. Also, an
njection of vitamin K should be administered if available.[ 20 ] 
10
enal complications 

AKI defined by the “Kidney Disease: Improving Global Out-
omes ” (KDIGO) as either an increase in serum creatinine by at
east 0.3 mg/dL within 48 h, an increase in serum creatinine to
t least 1.5 times the baseline level within the previous 7 days, or
 decrease in urine output to less than 0.5 mL/(kg·h) for 6 h.[ 186 ] 

xtensive intravascular hemolysis, hemodynamic instabilities,
arasite sequestration, microvascular dysfunction, and endothe-
ial activation act in synergy in patients with severe malaria and
esult in kidney injury. Histopathological features of malaria-
elated AKI include acute tubular necrosis and sometimes inter-
titial nephritis and glomerulonephritis.[ 186–188 ] The prevalence
f AKI was recently reported to range from 20% to 40% among
dults and children with severe malaria, with some studies re-
orting an AKI incidence of 59% in children.[ 187 ] Therefore, it
s necessary to ensure that all patients diagnosed with severe
alaria are screened for AKI. Management is largely supportive

nd involves maintaining optimal fluid and electrolyte balance
for patients with pre-renal causes) and renal replacement ther-
py – hemodialysis or peritoneal dialysis – where indicated.[ 20 ] 

he prognosis for malaria-related AKI is good as it resolves in
ays to weeks, although 5% of patients with severe malaria de-
elop chronic kidney disease.[ 187 ] 

espiratory complications 

Respiratory distress is a common description for children
ho have obvious abnormal breathing and use more effort than
sual.[ 41 ] Up to 25% of adults and 40% of children with severe P.

alciparum malaria develop respiratory distress.[ 189 ] In patients
ith severe malaria, the respiratory distress may be a result of
ulmonary edema, an associated lower respiratory tract infec-
ion, or ARDS.[ 169 ] 

Metabolic acidosis is due to the accumulation of lactate and
ther organic acids produced by the gastrointestinal tract. Clin-
cally, metabolic acidosis presents as abnormal breathing pat-
erns and/or coma, with a poor prognosis except when the con-
ition results from severe anemia.[ 29 , 42 , 188 , 190 ] Factors such as
evere anemia, hypovolemia, impaired hepatic gluconeogenesis,
nd reduced clearance due to AKI worsen the disorder.[ 41 , 186 ] 

Effective management of respiratory complications in severe
alaria must target the underlying cause. For a well-resourced

etting, it is recommended that blood gasses and arterial pH are
easured, in addition to continued monitoring of oxygenation

y oximetry. Generally, the management recommendations are
o[ 20 , 41 , 169 ] : (1) Correct any reversible cause of acidosis like de-
ydration and severe anemia with an IV infusion at the most ac-
essible peripheral site or an intraosseous infusion if the former
s impossible. Caution should be taken not to give excessive fluid
s this may precipitate pulmonary edema. (2) Give screened
hole blood (10 mL/kg) over 30 min and a further 10 mL/kg
ver 1–2 h without diuretics if Hct < 18% or Hb < 6 g/dL in
 child with signs of metabolic acidosis. Monitor the respira-
ory rate and pulse rate every 15 minutes and if either of these
arameters shows any increase, then transfuse more slowly to
void precipitating pulmonary edema. (3) Continue clinical ob-
ervations to monitor the response by repeated measurement of
cid–base status, Hct or Hb concentration, and glucose, urea,
nd electrolyte levels. 
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ypoglycemia 

Defined as blood glucose < 2.2 mmol/L in adults and
 3 mmol/L in young children. Although widely used as a
efinition in the setting of malaria, a blood glucose level of
.9 mmol/L is more adequate in diagnosing hypoglycemia in
dults.[ 20 , 191 ] The pathogenesis of hypoglycemia in patients
ith malaria is not completely understood but is postulated

o occur due to parasite glucose consumption and/or impaired
luconeogenesis.[ 176 ] Therefore, the maintenance fluid admin-
stered must contain dextrose (commonly, 5% dextrose is used
r 10% in patients with recurrent hypoglycemia) to maintain
ormoglycemia.[ 175 ] It is also important to note that the ad-
inistration of quinine or quinidine can result in iatrogenic
ypoglycemia.[ 41 ] Consequently, blood glucose monitoring is
rucial in patients with severe malaria. 

onclusions 

Malaria remains a significant cause of morbidity and mortal-
ty worldwide. Clinicians must have a high index of suspicion
hen patients present with symptoms and complications, espe-

ially with the current challenges imposed by antimicrobial re-
istance. Diagnosis of malaria is by an RDT and/or microscopy,
nd once diagnosed, appropriate treatment must be prompt us-
ng ACTs or parenteral artesunate. Furthermore, patients in the
CU must be monitored closely and managed for complications
hen they arise. 

uture Research Directives 

Understanding the mechanisms underlying eGC breakdown
n malaria remains a critical aspect of disease management in
he ICU. Specific areas of future research are listed in Supple-
entary File 3. 
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