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Case Presentation

A 25-year-old male presented to the emergency
department with a history of abdominal pain in the
right hypochondrium, jaundice, fever, and a decrease
in consciousness. He was businessman who had
recently returned from Nigeria, where he had spent
3 weeks. Laboratory tests at presentation showed
WBC: 20,650 Neu:88 Lymph:12 Platelets: 38,000
SGOT: 88 SGPT: 120 Billirubins: T: 4.3 mg/dl I:
29 mg/dl, severe metabolic acidosis, thrombocyto-
penia, a creatinine of 5.6 mg/dl, and dark urine (mac-
roscopic hemoglobinuria see Fig. 57.1). His
APACHE 1I score was 37, with an estimated risk of
death of 88 %. The patient was admitted to the inten-
sive care unit with septic shock. A thick blood smear
revealed P, falciparum malaria. The patient was ini-
tiated with anti-malaria IV drugs: quinidine gluco-
nate plus doxycycline. Despite antimalarial drug
administration and supportive care the patient devel-
oped acute respiratory distress syndrome, acute
renal failure requiring renal replacement therapy,
and an Important Thrombocytopenia (Fig. 57.2).
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Question What are the challenges in the diagno-
sis and management of the returning traveller
with severe malaria?

Answer People now move across the world with
great facility, whether on vacation or business.
Endemic diseases, such as malaria, can affect the
travelers upon return to home. Malaria.com maps
the regions of the world where Plasmodium falci-
parum, the type intensivists might encounter,
may be transmitted [1].

In a returning traveler, fever can be a benign
and self-limiting infection, but initially must be
considered seriously. Table 57.1 displays the top
illnesses encountered in returning travelers. In
order to make a diagnosis a comprehensive his-
tory with details regarding places visited, dura-
tion, purpose, activities undertaken, any
chemoprophylaxis taken before or while traveling
is critical for the initial work-Up. Knowledge of
incubation period and disease risk by geographic
are helps in making a differential diagnosis.
Table 57.2 displays various diseases potentially
encountered by the returning traveler by the dura-
tion of incubation period.

Principles of Management in Severe
Falciparum Malaria

Patients with severe malaria usually present
with a high level of parasitemia and/or major
signs of organ dysfunction. Populations at
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Fig. 57.1 “Blackwater Fever” — Urine sample showing
dark urine due to hemoglobinuria (right tube)

greatest risk for severe falciparum malaria are
young children, pregnant women and travelers
to endemic areas. In endemic areas, elder chil-
dren and adults develop partial immunity after
repeated infections and are at relatively low
risk for severe disease. Travelers to areas where
malaria is endemic generally have no previous
exposure to malaria parasites and are at high
risk for severe disease. Pregnant women are
more likely to develop severe P. falciparum
malaria than other adults, particularly in the
second and third trimesters. Complications
such as hypoglycemia and pulmonary edema
are more common than in non-pregnant indi-
viduals. Maternal mortality can approach 50 %,
and fetal death and premature labor are com-
mon [2].

Patients with severe malaria represent a clin-
ical challenge for the clinician given the com-
plex pathophysiology of the infection involving
multiple organ systems. Seizures and severe
anemia are relatively more common in chil-
dren, whereas hyperparasitemia, acute renal
failure, and jaundice are more common in
adults. Cerebral malaria (with coma), shock,
acidosis, and respiratory arrest may occur at
any age [2-4].

Definition of Severe Malaria

Severe malaria is generally defined as acute
malaria with high levels of parasitemia (>5 %)
and/or major signs of organ dysfunction
1. Altered consciousness with or without
convulsions

2. Use of accessory muscles, nasal alar flaring,
Tachypnea.

3. Metabolic acidosis (plasma bicarbonate M
15 mmol/L or whole blood lactate
>5 mmol/L)

4. Circulatory collapse

5. Pulmonary edema or acute respiratory dis-
tress syndrome (ARDS)

6. Renal failure, hemoglobinuria (“Blackwater

Fever”)

Jaundice

Disseminated Intravascular coagulation

Severe Anemia

10. Hypoglycemia

Yo » N

Diagnosis

The clinician must have a high index of suspicion
for malaria in travelers presenting with fever and
a history of travel to malaria endemic regions
within the previous year and especially in the
prior 3 months. In uncomplicated malaria apart
from fever, patients usually present with nonspe-
cific clinical features. If the diagnosis of falci-
parum malaria has been delayed, a seemingly
well-appearing patient may rapidly deteriorate
and present with jaundice, confusion, or seizures
and have a high fatality rate. Hence, it is critical
to make a rapid and accurate diagnosis when
malaria is suspected clinically [3, 4].
Microscopy is the gold standard and preferred
option for the diagnosis of malaria. In most cases
the examination of thin and thick blood films will
reveal Malaria parasites (Figs. 57.3 and 57.4).
Thick films are more sensitive to detect low lev-
els of parasitemia. In general the greater the para-
site density in the peripheral blood, the higher
likelihood that severe disease is present or will
develop, especially in immunocompromised
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Fig.57.2 (a, b) Ecchymosis from thrombocytopenia

Table 57.1 Top illnesses in returning travelers

Diagnosis %
1. Systemic Illnesses 35
Malaria 21
Malaria due to P Falciparum 14
Malaria due to P Vivax 6
Malaria due to other species 2
Dengue 6
Salmonella enterica serovar 2
Typhi or paratyphi
Rickettsia 2
2. Acute diarrhea 15
3. Respiratory illness 14
4. Genitourinary diseases 4
5. Gastro intestinal illness 4

From: Wattal and Goel [22]. Reprinted with permission
from Elsevier Limited

patients. Thick smears are more sensitive diagnos-
tically but the thin smear subsequently helps in
determining the malaria species and the level of
parasitemia (the percentage of a patient’s red blood
cells that are infected with malaria parasites).

Clinical Management

General Principles

Most of the time uncomplicated malaria have a
good prognosis with a fatality case less 0.1 %.
Uncomplicated malaria caused by P. ovale,
P. vivax, and P. malariae can usually be managed

Table 57.2 Incubation period of various diseases poten-
tially encountered in returning travelers

Incubation

period Diseases

<7 days Common: Malaria, Traveler’s diarrhea,
dengue, enteric fever, respiratory tract
infection

Others: rickettsiosis, leptospirosis,
meningitis, yellow fever, arbovirus,

meningococcal

Common: Malaria, enteric fever
Others: rickettesioses, viral hepatitis,
leptospirosis, HIV, Q Fever, brucellosis,
African Trypanosomiasis

7-21 days

Common: Malaria, Enteric Fever
Others: tuberculosis, hepatitis B virus,
bacterial endocarditis. HIV, Q fever,
brucellosis, amebic liver diseases,
melioidosis.

>21 days

From: Wattal and Goel [22]. Reprinted with permission
from Elsevier Limited

with oral drugs on an outpatient basis, unless a
patient has other comorbidities or is unable to
take drugs orally [4, 5].

Due to little immunity against these infec-
tions, P. falciparum infections in travelers can
rapidly progress to severe illness or death in as
little as 1-2 days, so prompt assessment and ini-
tiation of antimalarial therapy is essential.
Patients should be evaluated with attention to
findings consistent with malaria as well as addi-
tional and/or alternative causes of presenting
symptoms. Of primary importance in the
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Fig. 57.3 P falciparum on thick smear (From: Centers
for Disease Control and Prevention (CDC) [23])

treatment of malaria is the provision of prompt,
effective therapy and concurrent supportive care
to manage life-threatening complications of the
disease. Supportive measures, such as fluid man-
agement, oxygen, ventilatory support, cardiac
monitoring, and pulse oximetry, should be insti-
tuted as needed. During this time, intravenous
access should be obtained immediately. Point-
of-care testing can be used for rapid determina-
tion of hematocrit [packed cell volume (PCV) or
hemoglobin (HemoCue)], glucose, and lactate.
Parasitemia can also be determined quickly but
requires a microscope. Additional tests can be
done if/when indicated: electrolytes, full blood
count, type and cross, blood culture, and clotting
studies. Unconscious patients should have a
lumbar puncture to rule out concomitant bacte-
rial meningitis in the absence of contraindica-
tions (i.e., papilledema). These tasks should
overlap with institution of antimalarial treatment
as well as other ancillary therapies as needed
(including anticonvulsants, intravenous glucose
and fluids, antipyretics, antibiotics, and blood
transfusion) [6, 7].

Repeat clinical assessments should be per-
formed every 2-4 h for prompt detection and
management of complications in an intensive
care setting, if possible. If the Glasgow Coma

Fig.57.4 P.falciparum on thin smear (From: Centers for
Disease Control and Prevention (CDC) [23])

Score (or in children the Blantyre coma score
[see Table 57.3]) decreases after initiation of
treatment, investigation should focus on the
possibility of seizures, hypoglycemia, or wors-
ening anemia. Repeat laboratory assessments
of parasitemia, hemoglobin/hematocrit, glu-
cose, and lactate should be performed in 6-h
intervals. A flow chart summarizing the vital
information may be used to guide management
decisions [6-8].

Important independent predictors for fatality
among African children with severe malaria
include acidosis, impaired consciousness (coma
and/or convulsions), elevated blood urea nitro-
gen, and signs of chronic disease (lymphadenop-
athy, malnutrition, candidiasis, severe visible
wasting, and desquamation). Clinical features
previously identified as being poor prognostic
features that did not correlate with mortality in
this study included age, glucose level, axillary
temperature, parasite density, and Blackwater
Fever [9-11].

Careful observation and thoughtful responses
to changes in clinical status are the most impor-
tant elements in looking after patients with severe
malaria. Patients can make remarkable recover-
ies, and the time and effort to address the compo-
nents of clinical care described in the following
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Table 57.3 Blantyre coma score

Type of response | Response Score
Best Motor Localize painful stimulus 2
Withdraws limbs from 1
pain
Nonspecific or absent 0
response
Verbal Appropriate cry 2
Moan or innapropiate cry 1
None 0
Eye movements | Eg: directed (follows 1
mother’s face)
Not directed 0
Total 0-5

The Blantyre coma scale is a modification of the Pediatric
Glasgow Coma Scale, designed to assess malarial coma in
children

It was designed by Drs. Terrie Taylor and Malcolm
Molyneux in 1987, and named for the Malawian city of
Blantyre, site of the Blantyre Malaria Project

sections can reap tangible rewards in a relatively
short period of time.

Clinical evaluation includes full physical
exam, a complete neurologic examination, calcu-
lation of Glasgow or Blantyre coma score
(Table 57.3), and funduscopic evaluation.
Malarial retinopathy is pathognomonic for cere-
bral malaria in patients who satisfy the standard
clinical case definition (Fig. 57.5).

Patients with altered sensorium should undergo
lumbar puncture (in the absence of contraindica-
tions) to exclude concomitant bacterial meningi-
tis. If clinical instability or papilledema on ocular
fundus examination preclude lumbar puncture,
presumptive antibiotic therapy for bacterial men-
ingitis should be initiated. Usual findings are:
mean opening pressure about 16 cm of CSF,
slightly elevated total protein level and cell count.

Antimalarial Therapy (See Treatment
Table 57.4)

Monitoring Parasite Density
Parasitemia should be monitored during treat-

ment to confirm adequate response to therapy.
The CDC recommends daily repeat blood smear

Fig. 57.5 Photograph of the retina in patient with
malaria, which shows exudates (arrowheads), hemor-
rhages (thick arrows) and changes in the color of the
blood vessels (thin arrows) (From Mishra and Newton
[24]. Reprinted with permission from Nature Publishing
Group)

to document declining parasite density until neg-
ative or until treatment day 7 (if discharged prior
to complete parasitemia clearance). During treat-
ment of severe malaria, parasite density should
be monitored every 12 h during the first 2-3 days
or until negative; some recommendations suggest
switching from parenteral to oral therapy as toler-
ated after parasitemia falls below 1% [10, 11].

Respiratory System

Hypoxemia and rales are not common in the set-
ting of severe malaria; the presence of either
should raise suspicion for a concomitant lower
respiratory tract infection. Pulmonary edema
may develop, particularly in the settings of renal
impairment or severe malarial anemia. Acute
respiratory distress syndrome (ARDS) can also
complicate severe malaria.

Deep breathing (Kussmaul respirations) is a
clinical indicator of metabolic acidosis and is



J. Hidalgo et al.

500

3Yy/1es Sw g7 =29s0p [B10], "2SOP [BNIUT I [ T]-9

uaAI3 od (3yres Sw 1=) 3y/eseq Sw [

Kq pamory[oj ‘asop [entur se od (3/1es 3w G[=) 3y/eseq 3w /¢
3(SaL19UAS pue 1 wrerre]) aumboydIA ‘q

j[es Sw ()GZ ] =2sop [810],

9SOp [entut

19138 4 719 uaA1s od (yres Swr g)g=) aseq Sw 96 £q

pamof[oj ‘asop [enrur se od (Jfes Sw ()G/=) aseq SW 489
3(SoLIdUAS pue y wierre]) saumboydIA ‘g

sKep £ x pn papialp od Aep/3y/eseq Sw ()7 :uriwepur))

sKep £ x pib papiarp od Aep/3y/Sw ¢ :duIPAIRNIY,

sAkep £ xY g A1oad od 3y/8w 7'z :duIpAdLxoq

,SAep £ 10 ¢ xpny od (3y1es Sw g[=) 3y/oseq TW ¢'§

:9jej[ns durun() uRAWeEpuI)) 10 PUIPAIRIN], ‘PUIPAILX0
:3uImof[oy 3y jo duo snid ,djejns suwuing) )

skep

L pn paprap od Kep/3yj/eseq Sur ()7 :upAwepur)

sAep £ xpib od 3w (67 :duIpPAdRIA],

skep £ xpiq od Sw Q] :PuIPAILXOQ

,SABp £ 10 ¢ X PN

od ,(es Sw ()G9=) aseq Sw 7{¢ :9jeynSs suIuIn)
upAwepur|) 10 ‘QUIPAIBII], ‘QUIPAIAX0q
:SuImoproy ayj jo duo snid eyns suruing) )

asop 1od s1o[qe) 4 3 GE<
asop 1ad s3o1qe) ¢ 18 Ge> — 6T
asop 1od syo1qe) 7 18 ST> — ST
asop 1od J9[qeI [ Y S[>—G

‘sAep ¢ Suimoroy
o 10 piq od
9SOp [ Uy} ‘IdJe[ Y § 9SOP Pu0dIs Y} Aq PIMO[[0O] @SOp
[enIur oY) 9A19991 prnoys juaned Y], JySrom uo paseq
syuaned ornerpad pue jnpe y1oq 10J POPUIUILIOIA ST
SOSOP [BI0 § JO [B10] B )IM 9[NPAYDS Judunear) Aep-¢ vy
JuLnuBWN|
Suwr (7] pue JayjawlIe Sw () =19[qe) |

() WRIIBO0)) ) ULIJUBJIWIN]-IIYJIWIIY g

skepg¢ x pb od sqe 3npe 4 3 Op<
skep¢ xpb od sqey ynpe ¢ :8Y oy ¢
skepg x pb od sqey 3npe z :3 0¢-1¢
p ¢xpb od qerympey 8y 0z-11
skep ¢ xpb od sqey spad ¢ :3y 016

(*M0[oq X0q Ay}
ur paIsI] dANISUS
-oumnbororyo se
payr1oads asot
3dooxa suorgax
SnoLe[ewW [[V)

umbewd yim
JudWIeI) "I (MO[2Qq)
2]DA0 J pue xpald

d 998 :2]pao g 10
XDAlA J Se pasouTeIp
Apuonbasqns

St pagnuspt

jou soroads,, J1

skep ¢ x pb od sqey spad ¢ :3y §—¢ (JUB)SISAT | PaYNUIPI Jou sardads

[uengoad 3w gz/ouonbeaoje 3w §'79 =qe) Spaq skep ¢ xpb od sqey jnpe 1 umouun 10 wnand1dpf
[uengoad 3w () /ouonbeaoje 3w (ST =qe)} }MPVY [ruengoad Sw ((1/ouonbeaoje 3w (S7=qe) IMPVY J0 JUR)SISAI J/eleeu
s(wrduoaeey) (uengoad-suonberoyy *y s(wrduoaerey) (iuengoad-sauonbeaoyy -y -dumboaopy) pajedrdwodun)

asop 1Npy Paadxa YIAAN PINOYS aSOpP d1DIPad 29S0P J[NPY PuE SNIP PapUAWWOINY paxnboe saroads
L950(] drneIpad pue Snip papuswoday UOT)OQJUI UOIZY |UnIpouisn]J/S1ISouserp

[edUIDy

BLIR[EW JO JUUERl], {°LS d]qel



501

57 Management of Severe Malaria

(ponunuoo)

JA0qe se juouneal], :djeydsoyd sumbewiriy
oA0qe se Juaueal], :dumbogayy
Aeydsoyd sumbewrig snid sumboyaA D

aA0qe se juouneal], :djeydsoyd sumbewrig
9AOQE SE Juaweal], :dumbopayAl
Peydsoyd sumbewrig snid sumbogsyy D)

aA0qe se Juouneal], :djeydsoyd sumbewrig
JA0qe se juouneal], ;iuengoad-auonbesoyy
Aeydsoyd
sumbewirig snid ruensoxd-sauonberoyy g

A0qe se juouneal], :djeydsoyd sumbewrig
QA0QE Sk Juawjeal], [[ruengoad-sauonbeaoyy
Peydsoyd
Jumbeunag snid ruensoad-suonbeaoyy g

QA0Qe sk Juaweal], djeydsoyd sumbewrig
QAOQE SE JUSUIBAL], :DUI[IAIBIII], 10 JUIPAIAXO(]
QA0QE SE JUAWIEAI], :d)eJ[ns duruImd)
Aeydsoyd sumbeuig snid purpoenay,

10 PuIPAILXo( 1Y snid djeyns surumg) 'y

A0Qe sk Juounjeal], :djeydsoyd sumbewr g
JAOQE SE JUSUIIBAL], :QUI[IAIRIII], J0 JUIPAILX0(
QAOQE SE JUSWIBAI], :d)eJ[ns duruing)

eydsoyd sumbewrig snid surpoenay,

10 UIPAIAXO( Jay1d snid djeyns suruing) *y

(ersauopuy
pue gournn moN endeq)
guejsisat-sumboioy)

xvd14
J/errefewr pajedrduiodun)

skep

1 x pb od 3y/9seq Sw ¢°() :9yeydsoyd sumbewrag

QAOQE Sk Juauneal], :dumboxopyoAxoipAH

Peydsoyd sumbewrig snid sumbotopyoLxorpAyg

MO sAep 41 xpb od §yeseq Sw ¢'() :dumbewL gy

aA0qe se juawnjeal], :djeydsoyd aumboiopy)
Peydsoyd sumbewrig snid pjeydsoyd sumbooy)

skep
1 xpb od oseq 3w (¢ :93eydsoyd sumbewrig
QA0QE Sk Juouneal], :dumbooyoAxoIpAg
eydsoyd
sumbeuwrig snid sumboioydaLxo1pAH JO sAep
1 xpb od aseq 3wt (¢ :91eydsoyd sumbewrig
QA0Qe sk Juauneal], :djeydsoyd saumboioy)
Aeydsoyd
sumbewrig snid deydsoyd sumboiory)

MO[2qQ MOI 998 “XDAIA

d ueisisar-ouimbororyo
paoadsns 10j 910N
SuoI3alI [V

2Ip40 J 10 XDA1A
d/errefeur pajedrduiodun)

QA0QE sk juouneal], :dumbodoyoAxoipAH
dO 9A0qe sejusuneal], , :djeydsoyd sumboiory)

QAOQE Sk Juaueal], :dumboJoyoAxoipAH

MO 2A0qe sejuaunedl], deydsoyd sumboioy)

SuoI3a [y

15a]Mouy f 40 IvLIDYUL
J/eleeur pajedrdwodun)

3y/eseq Sw G :9s0p [8I0],

4 8% pue ‘g ‘9 1e od 8y

/aseq 3w G £q pamoy[oy ‘A[rerpawwut od 3y/aseq Sw O]
(soL1Puad pue , [Tuanbely)

umMboIo[YIAX0IpAH YO T/oseq Iw G :9sop [e10],
4 84 pue ‘b ‘9 1e od 3y

/aseq 3w ¢ £q pamor[oy ‘Afererpawtut od 3y/eseq Swr O]
4 (SOLI9UAS pue  udery) Aeydsoyd sumboiopy)

(1es Sw pO‘z=) 2seq Sw (GG :9SOP [BIO],

4 8% pue

‘b ‘9 1e od (3[es Sur OOp=) oseq Sur OT¢ £q PamO[[O}
‘Klorerpawrtur od (31es 3w ())8=) 9seq 3w ()79
(soreua3 pue , ruanbe|d) sumboo[yoLxoipAH
YO  (res 3w (0§z=) aseq Sw ()OS [ S0P [EI0],

Y 8 pue

‘¥ ‘9 3¢ od (3[es Sw 0pg=) aseq Sw OO¢ Aq pamo[[o)
‘Arererpawrut od (Jres Swr ‘=) 9seq 3w )9
((SILIBUAZ pue 1 ud[eIY) eydsoyd sumboopy)

(1sed SIPPIA oY) JO Isow

pue ‘oriqndoy] uedrurwo(g
A ‘nIey ‘[eue)) BUIRUE]
JO 1S0M BOLIOWY [e1U)))
aApIsuds-aumboioy)

payfyuap:
jou $2192dg 10 wnapdif
d/elaerewr pajedrjduiodun)

(ponunuod) p°£g 3jqel



J. Hidalgo et al.

502

uroAWepUIO YIIM UOTRUIqUIOD U dutuinb

0) par1ojaId A[[e1oua3 a1e SUOBUIQUIOD JUSW)EAI) 2SAY) ‘QUI[IAIRIIR) JO QUI[IAIAXOP YIIM UOTIRUIQUIOD UT duruinb Jo A9edyJo o) U0 Blep 2I0W ST AI19Y) asneddq <) uondo 10, ‘pasn
9q Jouued suondo 1oylo ay) ssofun (dumbopowr) @ uondo PUSWIIOIAI JOU OP dM ‘SISOP JUAUINLBAI} JB UAJS SUONOBAI JLRIYdAsdoInou 21042s Jo el JOYSIY B JO ISNBIAE "Papuawll
-wooar1 Arenba are ) pue ‘g v suondQ ‘wmnindiopf g yue)sisar-oumboioqyo £q pasnes errerewr pajedrjdwosun jo jusunean 10 Aqe[ree (1o °) ‘g ‘) suondo 4 ore 1YL, :HION,
peasur suondo I9YIo AY) JO QUO IS() "UWISI JudWILAI) J19Y) Jo 1red © se pasn aq jou pinoys aurdrpaw Jefnonted jey) ‘sixejAydordowayo Surye) oyidsop errerewr sdojoaap uosiod e J,
€102 AInf "A1e1qr o1[qnd DD WO SAUIOPIND JUSUEL], BLIB[RIA] 224105

dumbopdAl 10 Aunfwepur))
‘(wreuoaee) [uengoad-suonbeaoyy :Suimoijoy
31} JO U0 A( PIMO[[0] NBUNSINIY :(UOPDULIOfu1
A0 D)) 19V1U0I) Snap Mau [PUOYDIYSIAU]
‘sAep / =2sIn0d
juuieal], ‘uonensurwpe pidel ploae ‘osn AJ 10
*UONEIIPaW [e10 de) ued Juaned se uoos se (Aoqe
S 9SOP [BI0) UIOAWEPUI[D [BIO 0] YONIMS “ § AIOAD
Al 3/2seq Sw ¢ £q Pamoq[oJ AT 2sop SuIpeof
3Y/eseq W ()] QAIS ‘UOTJBIIPAW [RIO dYB) 0] J[qe
jou Juaned J1 "9A0qe Sk JudwRal], ‘uAwepuI)
QAOQE SE JUSUIIBAL], :JUIIAIRII],
‘sAep / =9sIn0d
JUQUIBAL], “UONENSIUIUpE PIdel PIOAR ‘asn AT
104 "S)[Npe I0J St SuIsop duwies sn ‘3 GH< UAIP[IYO
104 "UONEIIPAW [BIO e} ued Juaned se uoos
S (QAOQR SB 2S0P) AUI[IAIAXOP [BIO 0] YOJIMS U}
pue y 71 A1oAd AT 33/ 7' 9AIS ‘T > UIP[IYD
10, "A] 9AIS AW ‘UOTIBOIPAW [BIO ¥E) 0} J[qe
jou Juaned JJ *0A0qe Se JuoueAl], :PUIPAIAX0q
*S)[NPE 10J SE SUOIIBPUIWIIOIT
pue Jursop 3y/Sw dwes :9jeuodn|s aurprumd)
uRAwepui)) J0 ‘PUIPAIRIN], AUIPAIAX0(
:guimorqoy ayy jo auo snid jeuodn|3 surpruinf)

aumbopayA] 10 ‘(udwom
jueugdaad ur upfwepur])) UIPALILX0( ‘(jyduoaee]y) ruengoxd
-auonbeA0}y :SUIMO[[0f 3]} JO U0 Aq PIMO[[0] J)BUNSI)IY
[(uoyvurioful 4of Y 19VJU02) SNIPp MU [PUOYDSYSIAU]
'SAep / =9SIN0O JUSWIBAI], "UOIIBNSIUTWPE
pider proae ‘asn A[ 10 "UONEDIPAW [€10 9ye) Ued Judned se uoos se
(9A0QE SE 9SOp [BI0) UIDAWEPUI[O [BI0 0} YOIIMS 'Y § A19Ad AT Sy/aseq
3w ¢ £q pamo[[0] A] @SOp SuIpeo[ 3y/aseq W ()] AIS ‘UOTIBIIPAW
[e10 9ye) 01 9[qE Jou Juaned J] "9A0qe S JUdUNLdL], :uPAuepur))
JAOQE SE JUIUWIIBAL], :DUI[IAIRI)I],
"SAep / =9SIN0D JUSW)EAIL], "UONENSIUIpe pidel pIoA. asn AT J0g
"UONELIIPAW [0 Ye) ued Juaned se uoos se (9A0qe se) UI[IKIAXO0p
[€I0 0] YOJIMS Uy} pue [ 7] K10Ad AT Swr 0] 9AIS ‘UonjEOIpaw
[e10 93E) 0] 9[qe J0u Juaned J] *9A0qe Sk Juau)eal], :UIPAIAX0(q
"BOLIDWY YINOS JO BOLILY UI SABD ¢ = ‘BISY ISBAYINOS
ur sAep / =9s1n0d aurumb/ourpruing) *0Aoqe se 9sop ‘ourumb Jero
IM Juounean 3o[dwoos ‘uonesIpaw [e1o el ued juoned pue 9, [>
Kyisuap ayisered 2ouQ “(11asut a3eyord 29s) 2s0p Furpeo[ 2y} I  §
3unie)s ‘q § A19A9 [ § I0A0 pasnjur (3y[es Sw g1=) 3y/eseq Sw ¢'/ £q
POMO[[0] ‘Y 1 JOAO pasnjul AT 2S0op Surpeo] (3y[es Sw g=) 3y/oseq
Suwr GT ST uQWISAI QANRUIIE UY ‘U 7 ISE9] B J0J UOISNJUI SNONUNUOD
(uru/3yyres Sur g()(=) urw/Sy/aseq Su GZ1(°0 U ‘Y - 1040 AT
asop 3urpeo] (3yes 3w ([=) 3y/aseq SW G7'9 :9yeuodNn|3 durprumng)
upAwepur)) 10 ‘QUIPAIRI],
QUITILIAXO(] :SUIMO[[0] 3} Jo duo snid ,d)euodn|s durprumd)

SUOI3dI [V

4 ouBLTE[BUI JIIAIS

Jaoqe se Juaumjeal], :durnbogay
9A0QE SE JUWJEAI], :upAWepuI))
MO  2A0Qe SE JUUEAI], :d)e[ns durumd)

wnnd1dpf  1ue)sIsax
qurnbo1oyod M suorgar
10J 9AOQE SUOIIAS 9S)

(xpa1a g puv

91qeordde JoN upAwepur)) snid djeyns suruin) jue)sisaz-dsumboioy)
(uor3a1 £q soroads

dAnIsuas-aurnboloyd

10J 9AOQE SUOIOJS BLIE[RW

QAOQE Sk Juaueal], :dumboxoyoAxoipAH payeorjdwooun 99s)

giqeoridde joN | YO 2aoqe se juauneal], :dyeydsoyd sumnboaory) JApIsuas-aumboioy)

w JavﬂEEo?

jueusaad 10j saAnewIdE

‘eLIe[ew pajedrduiodun)




503

57 Management of Severe Malaria

Kdeioyy [erreewnue ejuared Yyim A[oAIssaI3Se pajean) 9q P[NOYS BLIB[EW 9I9AS [JIM PISOUTRIP UWOM JUBUTAI]y

UOISNJUI SNOUSARIIUI ) JO SUIMO[S JO SNIP Ay JO uonenuNUOISIp Arerodwa) jueirem Aeul ‘QI9AS JI ‘suon

-eoridwoo oerpIe)) "Aqpesrporrad parojruowr oq pnoys (erwadA[30dAy 105) 9s0on[3 poolq pue A[Snonunuod paIojruow 3q prnoys (fearur 91,0 9y jo Suruayiduey Jo/pue xa[duwroo
SYO 9y} JO SUTUIPIM J0J) FuLIOJTUOW dRIPILD puk (uoisudjodAy Joy) Jurojruow ainssaxd pooiq ‘urpruinb jo uonensmurwpe unng “duiprunb yim syuaned eerew Sunear uoym
POSIAPE ST BLIB[RW 3UNEBT) 20UdLIadXd (im ueIdIsAyd e pue JSIS0[0IpIed B [iIm Uone)nsuo)) 'y g 3urpadaxd oy urgiim aumbopowr paA1adar aary A3y J1 10 4 84 Surpaoaid ay) ur
qururnb Jo /3w (f uBY) IOW PIAIIOAI DALY AJ) SSO[UN UIPIUIND JO 9SOP SUIPERO] SNOUABIUL UB USAIS 9q P[NOYS BLIB[BUI QIIAS )M SIUSNEJ "OpPLWl Uddq Sey SISOUSeIp Y Ioije
9[qissod se uoos se pajeniul 9q prnoys auipruinb A1 yPim juowieal], ‘Aderoy) reuerewnue [erojuared yim A[oAIssaI33e PajeaI) 9 PINOYS BLIB[BW dI9AS )M PISOUTLIP SIUAR],
wnipdidppf g AQq pasned ud)jo ISOW ST BLIB[BW QIIAS "ASBISIP

QIOAQS QI0UI JO SUOTIBISIJIURI DALY 0] PAIOPISUOD Ik (9, G< JO erwaisered 1o/pue ‘SUOIS[NAUOD pazi[e1dudd pajeadar ‘oorpunel ‘eLmuiqoiSoway ‘SIsoproe ‘Surpad[q snoduejuods
‘uone[N3e09 JB[NISEARIIUI POJRUIWIASSIP O0US AI0JB[NIIIO ‘QUOIPUAS SSansIp A10jeridsar ojnoe ‘ewropa Areuownd ‘QIn[Iej [eUI ‘BIWAUE J1JAD0ULIOU AIIAS ‘BUWOI/SSAUSNOIISUOD
pairedur) BLIAILIO [BIIUI[O SUIMO[[O] AU JO AI0UIL IO U0 dARY oym K3ojoyped paziugodal 1y3o ou pue ansodxa aqissod U031 Jo £103S1Y YO Jeaws poo[q 2A1nIsod © yim SuosIod,
sumbewtid yym pajear aq pnoys Aouatoyap (J9oo 2AeY jou op oym sjuaned jueudard ‘A10AT[ep 191y “eam 1od aouo AJpeIro (fes Swr ))g=)

aseq 3w (¢ st areydsoyd aumbooyo jo asop onoejAydoidowayd ayJ, “Aouruaid 1oy jo uonenp ay) 10j srxejAydoid aumboio[yo uo paurejurew oq p[noYs sUONIAJUI VA0
d pue xvaia g s syuaned jueudaid “Aoueudard Junmp uoAIs 2q jou prnoys sajrozoudAy jo juounjean [earpel 1oy eydsoyd sumbewid ‘suonoajur 9jpao g pue xvaia J 104,
syst [enuojod oy ySromino o) pagpnl stiyouaq [enuejod Ay J1 pue ‘pejeId[o) Sureq Jou aIe Jo J[qe[leAr Jou a1e suondo Juduwiean I9Ylo J1 pasn oq

Aew ournuejoWN[-Iayjowalre 1o [luengoid-ouonbeaoje ‘uonodyur wnindiopf g yuesisar-aurnboioyo Aq pasned eLe[ew pajesrjdwosun yiim pasouserp uowom jueusaid 1o ‘ejep
£1a3es JULIOYJNS JO YOr] 0] ANP I2ISAUILN 18I oY) Ul Ajrenonted ‘uowom jueudaid ur 9sn 10j pOPUITUIOIAT JOU A[[LIUST 918 QULNURJOWN[-IAYIAWA)IR pue [ruensoid-ouonbesory,
SYSLI Y} ySromino o3 pagpn( s1yaudq ay) pue ‘pajeIa]o) Surdq Jou Ik J0 dqe[IeAr jou 1 suondo juouneon

19130 J1 (S)[npe Jueu3aId-uou J0j POPUIWWOIAI SB) dUIUIND Y)1m UONBUIQUIOD UT PIsN 9q ABW QUI[IAILIII) JO QUI[IAIAXOP ‘TOAIMOH "PIIBIIPUI JOU A[[BIUAS ST QUI[IAILII) IO dUI[D
-KoAXOp 1M JUSUIBAL) ‘UONIJJUL XDAIA f JURISISAI-oUINDboIOYd 10 winindiopnf g yelsisar-ournbolo[yo £q pasnes eureew pajedrjdwooun ypim pasouserp udwom jueusard 10y
papuswiwodar A[enba are O pue ‘g ‘y suondo ‘Suonodjul Xvaia g Jueisisal-aumnboIo[yd Jo Juowiean) 10

*(9A0qE PAISI] JoqUINU JUI[IOH BLIE[RIA) PAUNIOU 9q P[NOYS DD PUL USWISAI xDald  JUe)SISaI-ouImboIo[yo e 03 paSueyds oq pnoys juswiearn ay) ‘puodsar jou soop juaned oy J1
‘auInbolIo[yo uo payels 9q pInoyYs BISOUOPU] IO BaUIND MmN ended JO 9PISINO SUONOJUI ¥DAlA  SULIINDOE SUOSIO "BOLIOWY INOS PUE [B1UI)) PUB ‘BIPU] ‘(JewueA[A) euung ul
POIUAWINOOP U OS[B DARY XPAlA ¢ Jue)sISAI-ouInboIo[yd jo s110dar ased arey ‘eISQUOpU] pue BauInn moN ended Ul poIuUdWNIOP [[oM UG ABY XPAld ¢ Jue)sisaI-ouinboioyo
0} onp sajel aInjrej juaunean YSIH "xvald g juesisar-ounboroyd Aq pasneod eLrefew pajesiduwosun jo jusunean Ioj dqefreae (J Io ‘g y) suondo 2a1y) are a1y, :HLONS
Koueuaid Suump pasn aq jou Isnw duinbewrg ‘suosiad JUAOYIP-JJ9D UI PAIOPISUOD ST USWITAT QANBUINE SIY) JI PASIAPE SI

Qurorpaut [eo1do) J0/pue 9SLasIp SNOIOAJUL Ul 11adXa Ue Y)IM UONE)NSUOD $YoaMm § 10J Joom Iad awir) ouo A[e1o Sw G UdAIS 9q Aewr suinbewirid ‘uswidar 9Aoqe o) 0] AJeUId)[e ue
Se 10 AouQIonep (qd90 duiprepioq yim suosiad 10,1 -oumbewnid yyim juounean Junie)s 0y Jord Indd0 Isnw FUIUAAIIS (JJ9D) ‘suosiad Juardyap-qd9o Ul BIWIAUE dNA[OWIY sNEd
ueo sumbewid asnedag "SUONIAJUI 2]PA0  PUB XDAlA g UT ‘sasde[al JuaAald SNy} pue ‘I9AI[ 9Y) UT JUBUWLIOP Urewal Aew Jey) sayiozoudAy Auw ajeorpers o) pasn st sumbewny,
par1ojaid 10 JUIIUSAUOD dI0W Q[qR[IBAR JI PISN 9q OS[e ABW SUOT)

-09Jul JUB)SISAI-oUINboIOYD 181} 0] Pasn suawWIZal 19AdMOH ‘suondo papuawiodar aIe aumbolo[yoAxoIpAy pue sumboiofyd ‘suornoajur aanisuas-aunbolofyo Sunean usaym,
Q0UR)SISAI FNIP 0] ANP BISY ISLAYINOS WIOIJ SUONIAJUI pasinboe dAry oym suosiod Ul papuaWILIodl 10U ST auboyaw YIIm JUAUWILAI 5

PpeISUI pasn 2q P[NoYs SULIUBJoWN[-1dYIdwalIe 1o [tuengoid-ouonbeaore

‘SYSII o) YSTOMINO SIJouaq Juauyean) 9y} JI pue pajerd[ol Sureq Jou ST JO J[qB[TBAR JOU ST JI J] “JUSWIIRAI) PIPUSWIWIOI] 9Y) ST durnbogew ‘xvaa g jueisisar-oumboIio[yo yim
PIO SIBOA § UBY} SSI[ UIP[IYD J0 "9[qe[IeAR It suondo Ioyjo ou JI paIdpIsuod aq ued aurnbogour (suondo Juawiean) popUAWWOIAI I dULNURJOWN[-IdYIowalre pue [ruensod
-ouonbeaoje ‘wm.indiopnf g uer)sisa1-ournboIo[yd yIim plo sIeak g UBY) SSI[ UAIP[IYD 10, "P[O SIBIK § UBY) SSI[ UAIP[IYD UI SN IOJ PAIRIIPUT JOU 2IB JUI[OADRNI) PUB JUI[ILIAXO(,
sAep ¢ 10J anuUNUOd pInoys juaunear) duruinb ‘aroymasio parnboe suonosjul 104 sAep / 10J anuUNUOD P[NOYS JUAWILAI duIuInb ‘BISy 1sBAYINOS Ul parinboe suornosjul 104,
aurunb jo suriog o[nsdes-uou jo

Aiqe[TRARUN 0] NP J[NOYJIP 2q ABW SUISOP OLNRIP] "SUISOP J[NpE 10J JUSIOYJNS 3q p[noys sa[nsded g a10ja1a) o3esop Sul ¢ © ul st o[nsdes aeyns aurumb parmorjnuew g,
asop ayj jeadar pinoys A2y uayy ‘9sop & Junye) JO UI ()¢ UM SITwoA Juaned J Y[ o[oym I0 pooj yim yim aye],



504

J. Hidalgo et al.

associated with a worse outcome in patients with
falciparum malaria [10, 11].

Neurologic Involvement

The standard clinical case definition of cerebral
malaria includes the following criteria:

1. Blantyre coma score <2

2. P. falciparum parasitemia (any density)

3. No other identifiable cause of coma (e.g.,
hypoglycemia, meningitis, or a post-ictal state)

The histologic hallmark of cerebral malaria is
cerebral sequestration of parasitized erythrocytes.

Establishing whether retinopathy is present is
an important marker for cerebral malaria. In the
absence of this finding, alternative causes for
coma (such as bacterial infection) should be pur-
sued and treated, even in the presence of estab-
lished malaria infection [11, 12].

Seizure Management

Seizures occur in up to 70% of children with
severe malaria; subclinical seizures occur in
15-20 % of cases. Seizures may be generalized or
focal, and the clinical signs may be subtle (nys-
tagmus, irregular respirations, hypoventilation,
or a drop in the Blantyre coma score). It is also
important to evaluate for causes of seizure besides
cerebral malaria (e.g., hypoglycemia, fever) and
to treat accordingly as outlined in the following
sections.

Benzodiazepines are useful first-line agents
for seizure treatment. Diazepam (0.4 mg/kg) can
be administered intravenously or per rectum;
lorazepam (0.1 mg/kg) can be administered intra-
venously or intraosseously. These doses can be
repeated once if seizures do not cease within five
minutes of the initial dose. Benzodiazepines
should not be combined due to risk of respiratory
depression. If seizures are not controllable with
benzodiazepines, other options include pheno-
barbitone (phenobarbital 15-20 mg/kg, slow IV
push) or phenytoin (18 mg/kg diluted in 100 mL
normal saline, infused over 20 min).

If seizures recur, repeat single doses of benzo-
diazepine may be administered. Alternatively,
maintenance doses of phenobarbital (5-15 mg/
kg/day, administered orally, via NG tube, or via
slow IV push in divided doses every 12 h) or phe-
nytoin (10 mg/kg/day IV in divided doses every
12 h) may be initiated.

Paraldehyde was used as an intramuscular
injection to treat seizures in the setting of severe
malaria (0.2-0.4 mL/kg); its chief advantage is
that it does not cause respiratory suppression.
The cost of this agent has increased dramatically,
and it is therefore out of reach for many formular-
ies in malaria-endemic areas.

Patients with severe malaria should not receive
routine seizure prophylaxis in the absence of
clinical seizure activity [12—14].

Anemia and Coagulopathy

Severe hemolysis, which is mainly extravascular,
occurs in hyperparasitemic falciparum malaria.
Removal of both infected and uninfected erythro-
cytes from the circulation, mainly by the spleen,
is associated with rapid development of anemia.
Patients with severe anemia may present with or
without altered consciousness; in addition, severe
anemia has been associated with long-term neu-
rocognitive impairment. In endemic areas hemo-
globin concentration may decrease gradually
over the course of repeated malaria infections. As
a result, patients can be fully alert with hemoglo-
bin concentrations of 2-3 g/dL. (hematocrit
<10 %). Evaluation for pallor of the conjunctivae,
nail beds, and palms can provide a rough estimate
of the degree of anemia, since blood vessels in
these areas are close to the surface.

Hemoglobin concentration and hematocrit are
routinely measured components of complete
blood counts, but this may not be available in
resource-limited settings or the results may not
be available in a timely manner. In such circum-
stances the hematocrit can be measured on a fin-
gerprick sample of blood collected into a
heparinized capillary tube and centrifuged using
a mechanical device. Alternatively, the hemoglo-
bin concentration can be determined from finger-
prick samples of blood collected into cuvettes.
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This method is more expensive than manually
spinning a hematocrit, but can be performed
readily near the bedside.

Clinically evident disseminated intravascular
coagulation in the setting of severe malaria is rare
(<5 %), but profound thrombocytopenia is com-
mon, and the microcirculation in many organs is
occluded by fibrin thrombi [15, 16].

Blood Products

Blood products should be administered in
patients with dire prognoses, i.e., patients with
altered consciousness, high output heart failure,
respiratory distress, a cool periphery, hyperlacta-
temia, and/or high density parasitemia.
Laboratory parameters of concern include low
hemoglobin concentration (<4-5 g/dL) or low
hematocrit (<10-15%). The degree of anemia
and the level of parasitemia may be useful param-
eters for predicting the need for a blood transfu-
sion and for determining the volume of blood to
transfuse. In general, 10 mL/kg of packed red
blood cells or 20 mL/kg of whole blood trans-
fused over 2—4 h is appropriate. Blood should be
typed and crossmatched prior to infusion.

Blood transfusions are generally well-
tolerated in the setting of severe malaria, since
patients are relatively hypovolemic; diuretics are
rarely needed. Monitoring of hemoglobin con-
centration or hematocrit should continue until the
parasitemia clears, since repeat transfusion may
be required [16].

Hypoglycemia

Defined as blood glucose <40 mg/dL or
<2.2 mmol/L), hypoglycemia is a common com-
plication of malaria and a marker of severe
disease. It should be suspected in any patient who
is comatose or who deteriorates suddenly.

The pathogenesis of hypoglycemia is not fully
understood; it may be related to parasite glucose
consumption and/or impaired host gluconeogene-
sis. Malnutrition, adrenal insufficiency, and hyper-
insulinemia are not likely causes of hypoglycemia.
In addition to primary hypoglycemia, administra-
tion of quinine or quinidine (insulin secretagogues)
can cause iatrogenic hypoglycemia. Hypoglycemia

with artesunate therapy is less common than with
quinine or quinidine.

Patients presenting with normoglycemia can
develop hypoglycemia during the course of treat-
ment. When determining maintenance intravenous
fluids, the clinician should consider the possibility
of hypoglycemia and use glucose containing solu-
tions. In addition, those managed promptly for
hypoglycemia at presentation can have subsequent
recurrent hypoglycemia. Therefore, blood glucose
should be monitored closely during the course of
illness with prompt management as outlined
above. Patients with recurrent hypoglycemia
should receive 10% dextrose. Ten percent dex-
trose can be prepared quickly by withdrawing
100 mL from a one liter bag of a 5% dextrose
solution and replacing it with 100 mL of a 50 %
dextrose solution [15-17].

Volume Management

Adults with malaria appear to be more vulnerable
to fluid overload than children. There is a fine
line between under hydration, and thus worsen-
ing renal impairment, and over hydration, risking
pulmonary and cerebral edema. Hence, fluid
requirements should be assessed on an individual
basis, using commonly employed tools such as
delayed capillary refill, low central venous pres-
sure, and low urine output. Deep breathing,
reflecting lactic acidosis, may also be a reason-
able indicator of hypovolemia [16, 17].

Nutrition

Nutritional supplementation should be provided
by nasogastric tube (NG) for patients with pro-
longed coma who are unable to eat and drink
within 2448 h.

Fever

High fevers (>38.5 °C) are common in the setting
of malaria infection and may reflect the host
response to endogenous pyrogens released at the
time of schizont rupture. The optimal approach to
treatment of fever is uncertain, although use of
antipyretics in patients with high fever is
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appropriate given the association between high
fever and convulsions. Aggressive temperature
control may help reduce long-term neurologic
outcomes in pediatric patients with retinopathy-
positive cerebral malaria.

Paracetamol (acetaminophen); 15 mg/kg
every 6 h; maximum dose 1000 mg) is a reason-
able antipyretic agent; oral therapy can be used
for patients able to swallow. Otherwise, supposi-
tory formulations are acceptable. If fever persists,
ibuprofen (10 mg/kg every 6 hours; maximum
dose 1,200 mg per day) can be administered
(orally, via nasogastric tube, or intravenously)
alone or on an alternating schedule with
paracetamol every 3 h [17-19].

Bacterial Infection

Concomitant bacterial infection is an important
contributor to morbidity and mortality in the set-
ting of severe malaria, and severe anemia has
been implicated as a primary risk factor for non-
typhoidal Salmonella septicemia. Bacterial infec-
tion should be suspected in patients with severe
anemia together with signs or symptoms of sep-
sis (hypotension, cool extremities, delayed capil-
lary refill, hyperlactatemia). In such cases, blood
cultures should be obtained and broad spectrum
antibiotic therapy with activity against gram-
negative bacilli should be initiated [18, 19].

Evidence Contour
Other Diagnostic Modalities

A major drawback of light microscopy is that the
efficiency of the test depends on the type and
quality of the smear, skill of the technician, para-
site density, and time spent on examining the
smear. In addition, mixed infections with P,
malariae or P. ovale are often missed, because
their densities are often low in comparison to that
of P falciparum. These problems may occur more
frequently in non-endemic areas where malaria
microscopy is performed infrequently.

Quantitative Buffy Coat

Quantitative buffy coat (QBC) is fluorescent
microscopy based on the principle of concentrat-
ing the red blood cell-containing parasites within
a narrow zone by centrifugation of blood in capil-
lary tubes and staining of malarial parasite
nucleic acid with acridine dyes. The sensitivity of
QBC almost equals that of Giemsa-stained films.
The advantage of QBC is ease of interpretation
and rapidity. Species identification and quantifi-
cation are difficult, however, with this technique
and, therefore, thick and thin blood film examina-
tion is still required. This technique requires the
use of expensive fluorescent microscopy equip-
ment for the interpretation of results. This is an
important limitation especially in the poor
resource countries [19].

Antigen Rapid Detection Test (RDT)
Antigen detection RDTs detect malaria antigen
in blood by immunochromatographic test with
monoclonal antibodies directed against the tar-
get parasite antigen, which is impregnated on a
test strip. The result is usually obtained in
5-20 min. Currently, different combinations of
immunochromatographic tests are commer-
cially available, targeting different genus spe-
cific or species-specific antigen for malaria
diagnosis. Some of the commonly used antigens
in RDTs are HRP-2 (P. falciparum specific),
aldolase (pan-specific), plasmodium lactate
dehydrogenase (pLDH) (P. falciparum specific),
pLDH (P. vivax- specific), and pLDH (panspe-
cific) [19, 20].

Serology

Serology detection of antibodies against
malaria parasites, using either indirect immu-
nofluorescence assay or ELISA, does not indi-
cate current infection but rather measures past
exposure. Therefore, it has no role in diagnosis
of acute infections. Serology may be used to
screen donors to prevent transfusion-related
malaria, however, and to confirm the diagnosis
of malaria in recently treated cases in which the
diagnosis could not be confirmed previously
[19-21].
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Molecular Methods

Molecular technologies have been developed to
improve the diagnosis of malaria by detecting
specific parasite nucleic acid. The advantage of
molecular methods is their exquisite sensitivity
down to the level of 5 parasites/mL or 0.0001 %
parasitemia [20, 21].

Exchange Transfusion

Exchange transfusion has been proposed as a
means of removing infected red blood cells from
the circulation, thereby lowering the parasite bur-
den and replacing with unparasitized cells. There
is no evidence supporting efficacy of exchange
transfusion as adjunctive therapy in severe malaria,
and there is no consensus on the indications,
approach, benefits, or risks of this procedure.

The CDC no longer recommends exchange
transfusion for treatment of severe malaria, based
on a review that demonstrated no differences in
outcome among patients who underwent
exchange transfusion; previously, the CDC rec-
ommended exchange transfusion for patients
with parasite density of >10% with end organ
complications. The WHO guidelines indicate
that it is not possible to make any recommenda-
tions regarding the use of exchange transfusion
based on the available evidence. The American
Society for Apheresis (ASFA) supports exchange
transfusion as an adjunctive therapy for patients
with >10% parasitemia, although its consider-
ation of adverse events associated with exchange
transfusion for malaria is limited [19-21].
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