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Malaria and Acute Kidney Injury

Saroj K. Mishra, MD,* and Bhabani Shankar Das, MD†

Summary: Malaria is a major public health problem in tropical countries. About 500 million
people suffer from malaria, leading to death in 1 to 3 million cases. Acute kidney injury (AKI)
is one of the most dreaded complications of severe malaria. As per World Health Organization
criteria, acute renal failure (serum creatinine level, �3 mg/dL or �265 �mol/L) occurs as a
complication of Plasmodium falciparum malaria in less than 1% of cases, but the mortality
rate in these cases may be up to 45%. It is more common in adults than children. Renal
involvement varies from mild proteinuria to severe azotemia associated with metabolic
acidosis. It may be oliguric or nonoliguric. AKI may be present as a component of multi-organ
dysfunction or as a lone complication. The prognosis in the latter is generally better. Several
pathogenic mechanisms interplay for the clinical manifestation. The predominant lesions are
acute tubular necrosis and mild proliferative glomerulonephropathy. These patients do not
progress to chronic kidney disease. The management of malaria-induced AKI includes appro-
priate antimalarials (parenteral artesunate or quinine), fluid electrolyte management, and
renal replacement therapy at the earliest. The use of diuretics should be avoided.
Semin Nephrol 28:395-408 © 2008 Elsevier Inc. All rights reserved.
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pproximately 40% of the world’s popu-
lation lives in regions where malaria
transmission is endemic, mainly tropical

nd subtropical regions. About 300 to 400 mil-
ion clinical cases of malaria are reported annu-
lly,1 and mortality estimates range between 0.7
nd 2.7 million. Most of these deaths are in
oung children. In sub-Saharan Africa, where
alaria mortality is highest, 90% of reported
alaria-related deaths are children younger

han the age of 5. However, the actual figures of
llness, morbidity, and mortality may be very
ifferent from those cited because of poor sur-
eillance, misdiagnosis, and underreporting of
alarial deaths for various reasons. Malarial

eaths occur mostly at home and rarely are
eported.2 Unfortunately, the disease burden is
n the rise. By using a combination of epide-
iologic, geographic, and demographic data,

now et al3 estimated that there were 515
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range, 300-600) million episodes of clinical
lasmodium falciparum malaria in 2002.
hese global estimates were up to 50% higher

han those reported by the World Health Orga-
ization and 200% higher for areas outside Af-
ica.

Malaria is caused by 4 species of the genus
lasmodium, namely Plasmodium vivax, P
alciparum, Plasmodium malariae, and Plas-

odium ovale. Malaria parasites (sporozoites)
nter the circulation and subsequently the liver
fter being bitten by an infective mosquito. In
he liver sporozoites invade hepatocytes, multi-
ly, and produce merozoites that are capable of

nvading the red blood cells. The hepatic cycle
sually lasts for about a week. Merozoites re-

eased from hepatocytes enter the blood stream
nd within a very short period invade the eryth-
ocytes. Within the infected erythrocytes,
erozoites consume host cell proteins, specif-

cally hemoglobin for their growth and mul-
iplication. The parasite grows through ring,
rophozoite, schizont, and merozoite stages.
ventually the infected erythrocyte ruptures,
eleasing an asexual form of merozoites, which
nvades fresh erythrocytes and the cycle is re-

eated. For appearance of clinical manifesta-
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ions at least 3 to 4 such cycles are necessary to
each a critical level of parasitemia. A small
roportion of parasites grow to sexual forms
gametocytes). Circulating gametocytes are
aken up by the mosquitoes during their blood
eal. In the mosquito gut, gametocytes differ-

ntiate into male gametocytes (microgameto-
ytes) and female gametocytes (macrogameto-
ytes). Microgametes and macrogametes fuse to
orm a zygote. Developing zygotes transform
nto spindle-shaped ookinetes, cross the inner

all of the abdomen, and, finally, transform
nto sporozoites. Thousands of sporozoites
odge in the salivary glands, ready to be injected
nto human beings through the bite of a female
nopheles mosquito.

Common clinical characteristics of Plasmo-
ia infection of all 4 species are periodic par-
xysm, chills, rigors, sweating, body aches,
eadache, nausea, general weakness, and pros-
ration. Chronic anemia and splenomegaly are
bserved in a majority of malaria patients resid-

ng in high malaria transmission areas. Severe
ife-threatening complications such as severe
nemia, cerebral malaria (CM), acute kidney
njury (AKI), acidosis, jaundice, respiratory dis-
ress, acute respiratory distress syndrome, and
o forth occur only with P falciparum infec-
ion. However, recently a few reports have ap-
eared indicating association of severe compli-
ations of malaria with P vivax infection as
ell,4–6 including AKI.7,8

PIDEMIOLOGY

he contribution of malaria to the overall hos-
ital admissions for AKI varies from 2% to
9%9–11 in different populations. The wide vari-
tion is because of its dependence on the age
nd antimalarial immunity, which in turn are
nfluenced by malaria transmission intensity.

alarial AKI (MAKI) is considered a disease
redominantly of adults and older children,11–13

pecifically in nonimmune adults from areas of
ow intensity of malaria transmission. Thus, a
arge number of reports on MAKI have ap-
eared from southeast Asia and the Indian sub-
ontinent where malaria transmission generally
s low, with occasional microfoci of intense
ransmission. The occurrence of AKI in patients

rom endemic areas with severe malaria is less o
han 1% to 4.8%, whereas in nonimmune Euro-
eans it is 25% to 30%. The incidence of AKI

n severe P falciparum malaria is as common
s cerebral malaria in nonimmune European
dults.14 AKI was a frequent accompaniment in
atients with severe falciparum malaria re-
orted from Austria and The Netherlands.15,16

lmost all patients with fatal cases had AKI and
eported a history of recent travel to malaria-
ndemic areas.

Only a few reports of MAKI are available
rom Africa, particularly from areas with intense
alaria transmission, where malaria affects
ostly young children. In contrast to severe
alaria in adults, none of the 180 Gambian

hildren with severe malaria had AKI.17 How-
ver, malaria transmission intensity is not uni-
orm in Africa and a higher incidence of AKI
ith associated morbidity and mortality has
een reported in semi-immune African chil-
ren.18 An earlier study from Ghana found mas-
ive intravascular hemolysis; and black water
ever was the most common cause of AKI. How-
ver, only 1 patient had P falciparum malaria
hereas 26 patients had various bacterial and

iral infections.19 One third of severe malaria
atients admitted to a University Hospital in
thiopia had AKI, but the majority of these
atients were nonimmune visitors coming to
alaria-endemic regions.20 Another study from

he Renal Unit of Tikur Anbessa Hospital in
ddis Ababa found 29 (21%) of 136 consecu-

ively treated adult AKI patients had falciparum
alaria. The contribution of malaria to AKI was

nly second to septic abortion, and mortality
ates in MAKI were as high as 37.9%.21 In a
ecent prospective study from 1994 to 2003 in
igerian children, 123 cases of AKI caused by P

alciparum malaria were detected (mean age,
.28 � 4.0 y).22 The occurrence of AKI in se-
ere falciparum malaria is quite common in
outheast Asia, including India. A significant
ncrease in the incidence of AKI has been re-
orted from several centers across India. In
982 a study from Orissa indicated cerebral
alaria as the predominant presentation of se-

ere malaria. Associated complications of 173
ases of cerebral malaria were AKI (6%) and
epatic failure (1%).23 Twenty years later, an-

ther study from the same area and the same
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Malaria and AKI 397
ospital showed 35% of cases with severe P
alciparum malaria had AKI. There was a con-
istent increase in incidence of AKI (from 95
ases in 1994 to 215 cases in 1998).24 A high
ncidence of AKI in falciparum malaria has been
eported from eastern,25–27 western,28 north-
rn,29 southern,30 and central India.31,32 The ma-
ority of the studies had a common inference
hat the incidence of AKI and jaundice is in-
reasing, and the development of multiple
omplications result in increased mortality.33

tudies from Pakistan also reported MAKI con-
ributing significantly to the total AKI burden.34

high incidence of AKI in severe P falciparum
alaria was observed from southeast Asian

ountries. Hypercatabolic AKI was noted in Ma-
aysia in patients with cerebral malaria with
eavy parasitemia and hyperbilirubinemia.35

KI constituted 23.3% of severe malaria pa-
ients hospitalized in Kampuchea. Coma and
ulti-organ failure were the most common

auses of death.36 A high incidence of MAKI
lso has been reported from Singapore,37 Viet-
am,38 and Thailand.39

ATHOPHYSIOLOGY

he pathogenesis of AKI in falciparum malaria
s not clearly known. Malarial complications
ossibly are caused by the interaction of the
arasite with the host, resulting in mechanical,

mmunologic, and humoral responses. These
esponses, while attempting to eliminate the
arasites, may also injure the host tissues. Dif-

erent hypotheses proposed for MAKI include
echanical obstruction by infected erythro-

ytes, exaggerated host immune response me-
iated through cytokines and reactive oxygen
nd nitrogen species, immune complex deposi-
ion, hypovolemia, disturbances in the renal
icrocirculation, and so forth. No explanation,
owever, is available for the consistent increase

n the incidence of MAKI in some areas.

ytoadherence

he pathogenesis of severe P falciparum ma-
aria is attributed in part to the cytoadherence
f parasitized red blood cells (PRBCs) to the
ascular endothelial cells in different host or-

ans.40–42 Parasite proteins referred to as vari- t
nt surface antigens expressed on the PRBC
urface mediate the adhesion of infected eryth-
ocytes to host vascular endothelial recep-
ors.43,44 PRBCs preferentially sequester in the
eep vascular beds of vital organs, including the
rain, liver, lung, spleen, intestine, and kid-
ey.41,45 Sequestration of PRBCs in glomeru-

ar and tubulointerstitial capillaries has been
hown, although at a lesser degree than the
erebral vessels.45 Studies on southeast Asian
dults dying from severe falciparum malaria in-
icated that the frequency of PRBC sequestra-
ion in renal vessels of patients dying from AKI
ere significantly higher than those without
KI. Significantly more PRBCs were seen in
essels in malarial AKI patients than in non-AKI
atients. However, the ultrastructural exam-

nation of renal microvascular sequestration
howed much less PRBC sequestration than of
rain tissue of the same patients. The majority
f patients showed mononuclear cells in glo-
erular and peritubular capillaries, although

he number of leukocytes was not significantly
ifferent between the AKI group and the non-
KI group.46,47 Margination of mononuclear
ells to the brain capillary endothelium was
hown earlier in a significant proportion of pa-
ients.48 Thus, contribution of PRBC cytoadher-
nce and clogging of the capillaries toward
athogenesis of MAKI appears at best only mar-
inal.

ytokines, Reactive Oxygen
pecies, and Nitrogen Species

iterature on the influence of cytokine concen-
rations on renal pathology in malaria is scanty
lthough cytokines, reactive oxygen intermedi-
tes, and nitrogen intermediates (ROI and NO)
lay an important role in both protection
gainst malaria and pathogenesis of severe ma-
aria. Levels of inflammatory cytokines, such as
umor necrosis factor � (TNF-�), interferon-�,
nd interleukins 1-�, -6, and -8 are increased
n malaria.49 Higher blood concentrations of
roinflammatory cytokines have been observed

n severe complications of malaria.50–53 Anti–
NF-� and anti–interferon-� antibodies are re-
orted to abolish the onset of cerebral ma-

aria.54 However, in contrast to observations in

he murine model, monoclonal antibodies to
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398 S.K. Mishra and B.S. Das
NF-� ameliorate fever but not the manifesta-
ions of human cerebral malaria.55

Increased production of ROI and NO have
een reported in malaria infection. The involve-
ent of ROI and NO in the protection and
athogenesis of malaria has been studied exten-
ively. An early increase in NO stimulates the
elper T-cell-1 (Th1) response to control para-
itemia similar to natural immunization during
alaria infection,56 whereas a late increase in
O production in the liver and spleen appear to
ave pathologic consequences.57 During the
lood stage of malaria TNF-� up-regulates NO
ynthesis either alone or in combination with
ther cytokines.58 Regulatory functions of NO
re dependent on the presence of various iso-
orms of the enzyme nitric oxide synthase
NOS). Physiologic function of NO is regulated
y low basal concentrations synthesized by
onstitutive NOS isoforms. A high concentra-
ion of NO usually is produced by inducible
OS isoforms (iNOS), which play a crucial role

n pathologic consequences. Increased iNOS ac-
ivity and production of NO have been ob-
erved in severe malaria.57 Lipopolysaccharide
s reported to be a potent stimulator of iNOS

essenger RNA.59 Similarly, ROI also plays a
ignificant role in the protection and pathogen-
sis of malaria.60,61 Higher blood concentrations
f ROI and a depleted antioxidant defense sys-
em have been observed in patients with malar-
a.62–64

epsis Model for MAKI

xtensive parallels exist between sepsis and
evere malaria in the clinical presentation and
ytokine profile, indicating that the 2 diseases
perate through very similar mechanisms.65

hock and multi-organ failure, a common asso-
iation in sepsis, frequently are observed in
AKI as well66 (Mishra et al, unpublished data).
ontrary to the common belief that respiratory
istress complicating severe malarial anemia is
consequence of biventricular failure, observa-

ions from the clinical picture in African chil-
ren indicate characteristic features of hypovo-

emia67 and the administration of albumin for
olume expansion reduces mortality rates.68

lasma concentrations of several small- and

iddle-molecular-weight proteins are reduced t
n severe malaria because of extravasations
rom the vascular compartment to the intersti-
ial space.69,70 Arterial vasodilatation that ac-
ompanies sepsis is mediated, at least in part,
y cytokines that up-regulate the expression of

NOS in vasculature.71 NO thus released has a
otent vasodilatory effect.72 However, several
ther studies did not notice severe volume de-
letion or hypotension in severe malaria.73,74

Restricted local blood flow in the kidneys is
onsidered a major contributor for MAKI. A
imilar pathology is observed in AKI of sepsis.
eneralized vasodilatation with an associated
ecrease in systemic vascular resistance is the
ost important hemodynamic abnormality ob-

erved in sepsis. Vasodilatation leads to activa-
ion of the sympathetic nervous system, rennin-
ngiotensin-aldosterone axis, and release of
asopressin for maintaining the decreasing
lood pressure. Unfortunately, these compen-
atory mechanisms predispose to AKI.75,76 Si-
ultaneously, the vasoconstriction effects of

orepinephrine and angiotensin II are depen-
ent on open calcium channels, which are not
vailable when associated with increased hy-
rogen ion and lactic acid concentrations. In-
reased plasma concentrations of lactate and
ydrogen ions, and a decrease in adenosine
riphosphate (ATP) generation in vascular
mooth muscle cells, activate the ATP-sensitive
otassium channels,77,78 resulting in potassium
fflux and closure of the voltage gated calcium
hannels in the membrane. Therefore, vascular
esistance to these pressor hormones occurs in
onditions of lactic acidosis. Hypoxia in severe
alciparum malaria is brought about possibly by

combination of volume depletion, hypoten-
ion, pulmonary edema, and clogging of the
apillaries by cytoadhered PRBCs and mononu-
lear cells, resulting in lactic acidosis. Cyto-
athic hypoxia caused by inflammation-induced
itochondrial dysfunction is now considered a
ajor contributor to the pathogenesis of sep-

is.79 Proinflammatory cytokines, higher con-
entrations of which are present in both sepsis
nd malaria,51,52 are considered responsible for
itochondrial shutdown, leading to reduced
TP synthesis and increased lactate accumula-
ion. Hyperlactatemia is considered a marker
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Malaria and AKI 399
or poor prognosis in sepsis,80 as well as in
alaria.81,82

MAKI can occur as an isolated complication
r as a component of multi-organ involvement.
low intake of fluids, loss of fluids because of

omiting and pyrexial sweating, cytokine- and
O-mediated arterial vasodilatation, specifically
rgan-specific release of NO, resistance to vaso-
ctive hormones, cytopathic hypoxia leading to
ecreased ATP synthesis, and cytoadherence of
RBCs all may contribute singly or in combina-
ion toward MAKI (Fig. 1). Increased fluid ad-
inistration, oxygen toxicity, and as yet un-

dentified factors may contribute to pulmonary
dema, acute respiratory distress syndrome,
ulti-organ failure, and death.

istology

he histopathology of MAKI is a combination of
arious pathogenetic mechanisms such as acute
ubular necrosis, interstitial nephritis, and glo-
erulonephritis. However, tubular changes

re the most common and consistent find-
ngs.11,12,83 Tubular changes include cell necro-
is, tubular swelling, and deposits of hemosid-
rin granules. The tubular lumens often contain
emoglobin casts. Acute interstitial inflamma-

Figure 1. Pathog
ion is associated commonly with acute glomer- d
losclerosis. In glomerulonephritis, the glomer-
li are swollen with expansion of the mesangial
rea and proliferation of mesangial cells. Peri-
dic acid-Schiff staining reveals widening of the
esangial stalk and irregular thickening of the

lomerular basement membrane (Fig. 2).
In a recent report on an ultrastructural study

f renal pathology in fatal falciparum malaria,
here was sequestration of PRBCs in glomerular
nd tubulointerstitial vessels, and acute tubular
amage. However, there was no evidence of

mmunomediated glomerulonephritis. There

of AKI in malaria.

igure 2. Kidney biopsy from an Indian adult male who

ied from cerebral malaria with acute renal failure.
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400 S.K. Mishra and B.S. Das
as mild glomerular hypercellularity with host
onocytes in the glomerular capillaries.47

LINICAL PRESENTATION

alaria-related AKI invariably is caused by falci-
arum malaria. It is defined as an abrupt (within
8 hours) reduction in kidney function that
ay be characterized by the following: (1) an

bsolute increase in serum creatinine level of
.3 mg/dL or more (�26.4 �mol/L), (2) a per-
entage increase in serum creatinine level of
0% or more (1.5-fold from baseline), or (3) a
eduction in urine output (documented oliguria
f �0.5 mL/kg/h for �6 hours). However, to
ategorize a patient as having severe malaria on
he basis of renal function as per World Health
rganization criteria,11 the serum creatinine

evel has to be 3 mg/dL or more (�265 �mol/
). It is common in adults, and rare in chil-
ren.11–13 In a study from Orissa consisting of
,857 patients, although both children and
dults were vulnerable for severe malaria, al-
ost all the MAKI cases were observed in adult
atients.26 It is encountered more often in male
atients than in female patients.26,34

The incidence ranges from 0.5% to 15% in
ifferent series because it depends on the co-
ort of patients and the criteria used for the
efinition of MAKI. Malaria may be a major
ause of renal failure in a hospital, although it
ay be encountered occasionally in another
ospital. In a study of 500 adults in Vietnam,
0% of the patients had MAKI, with a higher

ncidence of jaundice and hypoglycemia,11

hereas the incidence was 4% in a series from
rissa (India).26

A history of recent travel to malaria-endemic
reas must always be sought. Although some of
he complications can be identified easily on
linical examination, recognition of renal fail-
re needs a high index of suspicion and early
iochemical investigations.

MAKI may present in 2 different ways: (1) as
component of multi-organ dysfunction, and

2) as AKI alone.
When MAKI is a part of multi-organ failure, it

ften is present at the time of presentation and
nvariably carries a poor prognosis. It has been
eported that about a third of patients with

erebral malaria have renal impairment (serum s
reatinine level, �2 mg/dL).15 These patients
ave a higher incidence of anemia, jaundice,
ypoglycemia, and prolonged coma. Acidosis
ppears early and may be associated with cloud-
ng of sensorium, convulsions, and coma.

In the other subset, renal impairment occurs
s a sole complication. This group of patients
as a better prognosis. It invariably occurs
hen other complications have subsided, and

he patient is fully conscious, oriented, and of-
en afebrile. These patients develop oliguria,
ncephalopathy, hyperkalemia, and signs of ac-
dosis. It has to be noted that this group of
atients is encountered at a time when the
arasites are no longer present in the periph-
ral blood, making it difficult to establish the
iagnosis of malaria. A high index of suspicion
nd the use of a dipstick method for detecting

falciparum (eg, rapid diagnostic kits, im-
uno-chromatographic test [ICT], and so forth)

r other alternative diagnostic tools are of par-
mount importance.

Urine output usually is decreased (�400 mL/
).11 Although Prakash et al32 observed oliguria

n 70% of patients in India, Manan et al34 ob-
erved it in 76% of patients from Pakistan. Oli-
uria usually persists for 3 to 10 days. However,
rine output may be normal or increased in a
ew patients. Hence, oliguria alone should not
e relied on for a diagnosis of AKI in malaria. A
aily estimation of biochemical tests such as
lood urea nitrogen and creatinine levels must
e performed.

The complications usually appear 3 to 7 days
fter onset of the fever, and may last for a few
ays to several weeks. Patients with peripheral
arasitemia should be screened regularly for
he presence of renal failure. In a clinical setting
ith a high index of suspicion of malaria, pa-

ients even without peripheral parasitemia or
liguria should be screened for renal impair-
ent.
Of 402 detected smear-positive malaria cases

n a hospital from Mumbai, Western India, 24
ad malarial AKI. Eighteen were age 21 to 40
ears. P falciparum was detected in 16, P
ivax in 3, and mixed infection in 5. Nonoligu-
ic AKI was seen in 14 patients (58%).28

Dehydration, volume depletion, hypoten-

ion, and shock also are encountered. Volume
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Malaria and AKI 401
epletion was detected in more than half of the
atients and hypotension was detected in a
hird of the patients.32 Hypotension occurs as a
esult of several factors: low intake of fluids,
oss of fluids because of vomiting and pyrexial
weating, arterial vasodilatation, and the effect
f cytokines. Peripheral blood pooling has been

mplicated in a number of cases. The effective
rterial blood volume is reduced, and hypoten-
ion occurs on presentation. Few patients may
resent with shock syndrome (Mishra et al,
npublished data). These patients need urgent
ttention for fluid replenishment including va-
opressin (vide supra).

ssociated Complications

erebral malaria
erebral malaria often is associated with AKI,
ut frank renal failure occurs in about 30%. In a
eries from Thailand, 30% of adult patients with
M had associated AKI (serum creatinine level,
2 mg/dL [2 mg%]). These patients had a

igher incidence of jaundice, hypoglycemia,
nd pulmonary edema.84 A large series from
ndia reported the incidence as 29% among
erebral malaria patients versus 4% among non-
erebral malaria patients.85 An important pre-
ictor in the survival of patients with cerebral
alaria is the presence of MAKI. The presence

f AKI in CM makes the prognosis worse.86

aundice
aundice is an invariable accompaniment in
AKI. It occurs in more than half of patients
ith renal failure.11,87 Conversely, renal impair-
ent is observed in 10% of patients with hyper-

ilirubinemia. The hyperbilirubinemia predom-
nantly is unconjugated in nature owing to
emolysis.11,27 However, a few reports de-
cribed the presence of malaria hepatitis with
AKI. It is important to be aware of the simul-

aneous presence of renal and hepatic dysfunc-
ion in certain situations, namely, leptospirosis,
engue, hepatorenal syndrome, and so forth.

nemia
lthough anemia (hemoglobin level �10 g/dL)

s associated in about 60% of patients with ma-
arial renal failure, severe anemia (hemoglobin

evel, �5 g/dL) is reported in 10% to 20% of f
ases. Thrombocytopenia occurs in 70% of pa-
ients, half of whom develop an overt bleeding
endency. In the majority of patients, this is part
f a disseminated intravascular coagulation ini-
iated by the gross rheologic abnormality in
evere malaria.

Proteinuria usually is insignificant, but it may
e as high as 1 g/24 h in about a third of
atients with MAKI. It usually resolves com-
letely with recovery from renal impairment.
owever, persistent proteinuria may be en-
ountered in the presence of significant inter-
titial or glomerular involvement.10,12

lectrolyte abnormality

n electrolyte imbalance occurs invariably in all
atients. Hyponatremia is reported in 25% to
0% of patients.12,32,34 The mechanisms include
emodilution and sodium wasting before the
nset of oliguria. However, an increase of se-
um antidiuretic hormone is unlikely to play a
ajor role.10,12 Hyperkalemia is the most impor-

ant electrolytic parameter for renal replace-
ent therapy. However, the incidence is as low

s 4%.34 But unless it is identified and promptly
anaged it may be fatal. Hyperkalemia also may

esult from hemolysis and rhabdomyolysis. Hy-
okalemia also has been encountered. Electro-
ardiographic recordings are often helpful.

The serum calcium level often is reduced out
f proportion to phosphate retention, which
ay be owing to hypoparathyroidism of un-

nown cause.88 Lactic acidosis has been docu-
ented and is a life-threatening condition, of-

en among children. As described before,
ypoxia in severe malaria is multifactorial: a
ombination of volume depletion, hypotension,
ulmonary edema, and clogging of the capillar-

es by cytoadhered PRBCs and mononuclear
ells, resulting in lactic acidosis. High blood or
erebrospinal fluid lactate levels are predictors
f poor outcome.81,82

The vulnerable groups to develop M AKI are
he following patients: pregnant, with high par-
sitemia, deeply jaundiced, with prolonged de-
ydration, and those receiving nonsteroidal anti-

nflammatory drugs.
The critical determinants for MAKI are as
ollows: hypovolemia and hypervolemia, hyper-
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arasitemia, hemoconcentration, hyperbiliru-
inemia, and hyperpyrexia.

ROGNOSIS

enal failure associated with malaria resolves in
ays to weeks, and almost always completely. It
oes not progress into chronic kidney disease.
t is not associated with hypertension. The
verall mortality rate among those with renal
ailure ranges from 15% to 50% in different
eries.11,20,34,89–93 Similarly, the simultaneous
resence of MAKI in cerebral malaria is associ-
ted with a poor prognosis.86 In a study of 110
atients with cerebral malaria from India, 38
ad evidence of AKI. Associated complications
s well as mortality rates were significantly
igher in the presence of AKI. The mortality
ate of patients with cerebral malaria increased
rom 14% to 40% in the presence of AKI. For
ach 1 log unit increase of serum creatinine at
dmission, the odds of death increased by a
actor of 10.8 (95% confidence interval, 3.0-
9.4).86

The survival rate with peritoneal dialysis was
ower than that of hemodialysis or hemofiltra-
ion.94 At Rourkela, the mortality rate decreased
ignificantly when hemodialysis was initiated
arly. It is pertinent to mention that AKI in
alaria needs urgent recognition and manage-
ent. Multiple complications need urgent man-

gement in a tertiary care hospital with a mul-
idisciplinary approach.89

Several risk factors had been proposed to be
esponsible for the high mortality rate: late re-
erral, short acute illness, high parasitemia, oli-
uria, hypotension, severe anemia, or signifi-
ant jaundice. Patients with severe diarrhea,
ultisystem involvement, hepatitis, or acute re-

piratory distress also have a poor prognosis.
o-existing viral or bacterial infections may be
ncountered in patients with MAKI, increasing
he risk of mortality. The presence of multi-
rgan failures results in a poor prognosis. A
imple bedside survival scoring system has
een devised that gives relative weighted im-
ortance to each complication.95

REATMENT

he management of MAKI needs careful and

eticulous management of several problems. h
arly and prompt decisions and institutions are
he hallmark of a better prognosis.

The outlines of treatment guidelines include
he following: (1) institution of appropriate an-
imalarials, (2) maintenance of fluid and electro-
yte levels, (3) renal replacement therapy as
ndicated, (4) treatment of associated complica-
ions, and (5) management of infection includ-
ng pneumonia.

Drugs to be avoided in malaria patients be-
ause they may impair renal function are as
ollows: nephrotoxic drugs such as aminogly-
osides should be avoided if AKI is suspected
r anticipated, nonsteroidal anti-inflammatory
rugs should not be given because they may
recipitate prerenal azotemia to ischemic AKI,
nd angiotensin-converting enzyme inhibitors
nd cyclooxygenase inhibitors.

ntimalaria Drugs

he preferred antimalarial is artesunate or qui-
ine given parenterally. Intravenous quinine
as remained as the time-tested first-line drug.
he dose is 10 mg/kg/body weight. If quinine
as not been given in the previous 7 days, a

oading dose may be given. But it is very diffi-
ult to get a definite history, hence it is advis-
ble to start a maintenance dose of 10 mg/kg of
ody weight every 8 hours. The dose for the

nitial 48 hours should never be modified, even
n the presence of AKI. If quinine needs to be ad-
inistered only through a parenteral route be-

ond 48 hours, the dose of quinine must be
educed to two thirds. Oral therapy should be
tarted as soon as the patient is able to accept it
rally. The total duration of therapy is 7 days.
he common side effects include dizziness, cin-
honism, and hypoglycemia.11,96,97 Careful at-
ention needs to be given to the rate of infusion,
ardiac monitoring, and prevention of fluid over-
oad. Prolonged QT interval, atrial or ventricular
ctopic beats, heart block and hypotension may
e anticipated in patients treated with quinine.
uinine is metabolized and 80% is excreted

hrough the liver and 20% through the kidneys.
owever, estimation of blood level is not readily
vailable in most centers and careful clinical as-
essment at frequent intervals is mandatory.11

The introduction of artemisinin derivatives

as improved the survival rates of patients with
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Malaria and AKI 403
evere malaria.98–100 These drugs clear para-
itemia rapidly and are practically devoid of side
ffects.98,101 In addition, no dosage modification
s needed in the presence of renal or hepatic
ysfunction. The preferred molecule is artesu-
ate because it can be given intravenously. In-
ravenous artesunate is given at a dose of 2
g/kg/body weight at 0, 12, and 24 hours, and

hen once daily for a total of 7 days.
The use of other drugs, namely chloroquine

r sulfadoxine pyrimethamine, should be
voided owing to widespread resistance from
reas where CM and AKI are common. Simi-
arly, there are scant data to recommend the use
f mefloquine or halofantrine. These oral drugs
hould not be used in patients with severe ma-
aria.

Fluid and electrolyte therapy are of utmost
mportance: a meticulous record of fluid re-
uirement and urinary output is needed. It
elps to guide the administration of fluid, mon-

toring the improvement, and, most of all, pre-
enting fluid overload. This simple but most
mportant factor is overlooked at small, busy,
nd overcrowded hospitals. It often is left to the
ninformed attendants/relatives of the patient,
hus getting erroneous information. To prevent
uid overload a central venous pressure (CVP)

ine can be established.
The identification and treatment of co-exist-

ng or acquired infection should be managed at
he earliest.

luid Challenge

any patients with oligura are dehydrated.
hey should receive fluid, up to 20 mL/kg of
.9% saline infused over 60 minutes. To prevent
uid overload, auscultation of the lungs and

ugular venous pressure measurements (and, if
ossible, CVP measurements) should be per-

ormed after every 200 mL of fluid. The CVP
hould always be kept between 0 and �5. If
here is no urine output after fluid replace-
ent, an intravenous diuretic challenge may

e given.11

iuretic Challenge

he loop diuretic (frusemide 40 mg or bumet-
nide 1 mg) is given initially. If urination does

ot occur, further diuretic challenge can be s
ried at every 30-minute intervals with incre-
ental doses (frusemide 100, 200, and 400 mg

r bumetanide 2, 4, and 6 mg). If there is still no
rine flow, dopamine 2.5 to 5 �g/kg/min may
e tried. However, the use of diuretics in MAKI
as not improved the outcome. Rather, it ap-
ears to be ineffective in oliguric patients. In a
mall number of patients it may increase the
rine output, but no improvement occurs in
he renal status. Rather, it may give a sense of
omplacency. A systematic review and meta-
nalysis was conducted to evaluate loop diuret-
cs in the management of AKI in 555 patients
rom 5 randomized controlled trials. There was
o statistical difference in the mortality rates
odds ratio, 1.28; 95% confidence interval, 0.89-
.84; P � .18) or renal recovery (odds ratio,
.88; 95% confidence interval, 0.59-1.31; P �
5) with the use of loop diuretics compared

ith controls.102 However, the use of loop di-
retics may result in a shorter duration of renal
eplacement therapy and a shorter time for the
ecline in serum creatinine level. It causes an

ncrease in urine output. There was, however,
nsufficient data on acid-base status, length of
ospital stay, and treatment costs. Four studies
eported toxicity, most commonly transient tin-
itus and deafness. It was suggested that loop
iuretics were not associated with improved
urvival.102

In a prospective, randomized, double-blind,
lacebo-controlled, multicenter trial, 338 pa-
ients with AKI requiring dialysis therapy were
dministered either furosemide (25 mg/kg/d in-
ravenously or 35 mg/kg/d orally) or matched
lacebo. The end points were survival, number
f dialysis sessions, and time to achieve a serum
reatinine level of less than 200 �mol/L and
ieresis (urine, �2 L/d). It was observed that
here were no differences in survival and renal
ecovery rates between the 2 groups. The time
o achieve a 2-L/d diuresis was shorter with
urosemide (5.7 � 5.8 d) than placebo (7.8 �
.8 d; P � .004). Overall, 148 patients achieved
urine output of at least 2 L/d during the study
eriod (94 of 166 patients; 57%) with furo-
emide versus 54 of 164 patients (33%) with
lacebo (P � .001). However, there were no
ignificant differences in the number of dialysis

essions and the time on dialysis therapy be-
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404 S.K. Mishra and B.S. Das
ween the furosemide and placebo groups. So it
as reported that high-dose furosemide main-

ains urinary output, but does not influence
urvival or renal recovery rates of patients with
stablished renal impairment.103

opamine Challenge

he use of dopamine for the prevention and
reatment of AKI has not yet been established.
ts use is based on the understanding that se-
ective renal vasodilatation will occur when it is
nfused at a low dose. A recent article com-
ared the effects of dopamine and epinephrine

n various doses on renal hemodynamic and
xygen transport in patients with severe ma-

aria and severe sepsis. In a prospective, con-
rolled, cross-over trial in an intensive care unit
f an infectious diseases hospital in Vietnam,
opamine at a renal dose (2.5 �g/kg/min) was
ssociated with a mean (95% confidence inter-
al) fractional increase in the absolute renal
lood flow (RBF) index of 37% (13% to 61%)
nd in RBF as a fraction of cardiac output of
5% (10%-59%; P � .007 and P � .014, respec-
ively). At higher doses (10 �g/kg/min), both
BF and RBF/cardiac output were not signifi-
antly different from baseline values and de-
reased further as the dose was reduced again.
either epinephrine nor dopamine significantly

ffected creatinine clearance or urine output.
here was no evidence that either drug pro-
uced any beneficial effect on renal oxygen
etabolism or function.104

asopressin Therapy

s discussed in the pathogenesis, there appears
o be a future role for the use of vasopressin in
he management of malarial shock as well as
AKI. However, sufficient data need to be col-

ected before this agent is accepted to improve
he survival.

lbumin Infusion

he administration of albumin for volume ex-
ansion reduces mortality rates.68 Exchange
ransfusion is of use in patients with severe
emolysis. However, in the presence of severe

aundice and renal failure, no data are avail-

ble to recommend its use. u
ialysis

ialysis has improved the survival rates of pa-
ients when instituted early in the course of
reatment. It can be intermittent hemodialysis
daily or alternate day), continuous venovenous
emofiltration, or continuous arteriovenous he-
ofiltration. The latter methods cause less he-
odynamic instability than conventional hemo-

ialysis. Peritoneal dialysis is less effective in
ontrolling biochemical abnormalities.

Indications for dialysis include the following:
1) clinical indications: uremic symptoms,
ymptomatic volume overload (eg, pulmonary
dema, congestive heart failure), and pericar-
ial rub; (2) laboratory indications: severe met-
bolic acidosis (HCO3 � 15 mEq/L) and hyper-
alemia (K� � 6.5 mEq/L).

The clearance of urea and other molecular
aste products is much faster with hemodialy-

is as compared with peritoneal dialysis. How-
ver, peritoneal dialysis has certain advantages
uch as: peritoneal dialysis does not need a
pecial set-up, it can be started immediately,
nd it may prove to be life-saving. Thus, in the
bsence of facilities for hemodialysis whenever
ndicated, peritoneal dialysis should be started
s early as possible. Conservative treatment in
atients with AKI with severe malaria needs
areful monitoring. A patient may develop signs
s mentioned earlier and at any odd hours with-
ut giving a scope for initiation of dialysis.
any lives have been lost as dialysis was de-

ided but institution was delayed. Sudden
ardiac death may ensue in a patient who is
mproving owing to the development of pul-

onary edema or hyperkalemia.

dequacy of Dialysis

ialysis is considered adequate when the post-
ialysis creatinine and urea levels decrease to
0% or less of the predialysis values.

ntimalarial Drugs During Dialysis
ignificant changes in plasma quinine concen-
rations do not occur in patients with AKI dur-
ng hemodialysis. Quinine was not detectable in
emodialysate fluids. This suggests that dosage
djustment of quinine during hemodialysis is

nnecessary. There are no data as yet available
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Malaria and AKI 405
or the artemisinin drugs for modification dur-
ng dialysis.

anagement of the Diuretic Phase
he diuretic phase may return gradually or in a

ew hours. Careful attention needs to be given
oward fluid and electrolyte requirements. In
ddition, repeated estimation of Na, K, and bi-
arbonate is essential.

utrition
ne must not overlook the nutrition aspect of
atients with AKI. Attempts should be made to
uppress endogenous protein catabolism by
roviding fat and carbohydrates.
In patients without dialysis, protein restric-

ion is advised, whereas those undergoing daily
emodialysis may require additional proteins.
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