Malaria and Acute Kidney Injury
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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 umol/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.
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pproximately 40% of the world’s popu-
Alation lives in regions where malaria

transmission is endemic, mainly tropical
and subtropical regions. About 300 to 400 mil-
lion clinical cases of malaria are reported annu-
ally,! and mortality estimates range between 0.7
and 2.7 million. Most of these deaths are in
young children. In sub-Saharan Africa, where
malaria mortality is highest, 90% of reported
malaria-related deaths are children younger
than the age of 5. However, the actual figures of
illness, morbidity, and mortality may be very
different from those cited because of poor sur-
veillance, misdiagnosis, and underreporting of
malarial deaths for various reasons. Malarial
deaths occur mostly at home and rarely are
reported.? Unfortunately, the disease burden is
on the rise. By using a combination of epide-
miologic, geographic, and demographic data,
Snow et al® estimated that there were 515
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(range, 300-600) million episodes of clinical
Plasmodium falciparum malaria in 2002.
These global estimates were up to 50% higher
than those reported by the World Health Orga-
nization and 200% higher for areas outside Af-
rica.

Malaria is caused by 4 species of the genus
Plasmodium, namely Plasmodium vivax, P
Jalciparum, Plasmodium malariae, and Plas-
modium ovale. Malaria parasites (sporozoites)
enter the circulation and subsequently the liver
after being bitten by an infective mosquito. In
the liver sporozoites invade hepatocytes, multi-
ply, and produce merozoites that are capable of
invading the red blood cells. The hepatic cycle
usually lasts for about a week. Merozoites re-
leased from hepatocytes enter the blood stream
and within a very short period invade the eryth-
rocytes. Within the infected erythrocytes,
merozoites consume host cell proteins, specif-
ically hemoglobin for their growth and mul-
tiplication. The parasite grows through ring,
trophozoite, schizont, and merozoite stages.
Eventually the infected erythrocyte ruptures,
releasing an asexual form of merozoites, which
invades fresh erythrocytes and the cycle is re-
peated. For appearance of clinical manifesta-
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tions at least 3 to 4 such cycles are necessary to
reach a critical level of parasitemia. A small
proportion of parasites grow to sexual forms
(gametocytes). Circulating gametocytes are
taken up by the mosquitoes during their blood
meal. In the mosquito gut, gametocytes differ-
entiate into male gametocytes (microgameto-
cytes) and female gametocytes (macrogameto-
cytes). Microgametes and macrogametes fuse to
form a zygote. Developing zygotes transform
into spindle-shaped ookinetes, cross the inner
wall of the abdomen, and, finally, transform
into sporozoites. Thousands of sporozoites
lodge in the salivary glands, ready to be injected
into human beings through the bite of a female
anopheles mosquito.

Common clinical characteristics of Plasmo-
dia infection of all 4 species are periodic par-
oxysm, chills, rigors, sweating, body aches,
headache, nausea, general weakness, and pros-
tration. Chronic anemia and splenomegaly are
observed in a majority of malaria patients resid-
ing in high malaria transmission areas. Severe
life-threatening complications such as severe
anemia, cerebral malaria (CM), acute kidney
injury (AKI), acidosis, jaundice, respiratory dis-
tress, acute respiratory distress syndrome, and
so forth occur only with P falciparum infec-
tion. However, recently a few reports have ap-
peared indicating association of severe compli-
cations of malaria with P vivax infection as
well,#-¢ including AKI.”:8

EPIDEMIOLOGY

The contribution of malaria to the overall hos-
pital admissions for AKI varies from 2% to
39%°-1! in different populations. The wide vari-
ation is because of its dependence on the age
and antimalarial immunity, which in turn are
influenced by malaria transmission intensity.
Malarial AKI (MAKI) is considered a disease
predominantly of adults and older children,!!-13
specifically in nonimmune adults from areas of
low intensity of malaria transmission. Thus, a
large number of reports on MAKI have ap-
peared from southeast Asia and the Indian sub-
continent where malaria transmission generally
is low, with occasional microfoci of intense
transmission. The occurrence of AKI in patients
from endemic areas with severe malaria is less

than 1% to 4.8%, whereas in nonimmune Euro-
peans it is 25% to 30%. The incidence of AKI
in severe P falciparum malaria is as common
as cerebral malaria in nonimmune European
adults.'* AKI was a frequent accompaniment in
patients with severe falciparum malaria re-
ported from Austria and The Netherlands.'>1°
Almost all patients with fatal cases had AKI and
reported a history of recent travel to malaria-
endemic areas.

Only a few reports of MAKI are available
from Africa, particularly from areas with intense
malaria transmission, where malaria affects
mostly young children. In contrast to severe
malaria in adults, none of the 180 Gambian
children with severe malaria had AKI.!” How-
ever, malaria transmission intensity is not uni-
form in Africa and a higher incidence of AKI
with associated morbidity and mortality has
been reported in semi-immune African chil-
dren.'® An earlier study from Ghana found mas-
sive intravascular hemolysis; and black water
fever was the most common cause of AKI. How-
ever, only 1 patient had P falciparum malaria
whereas 26 patients had various bacterial and
viral infections.'® One third of severe malaria
patients admitted to a University Hospital in
Ethiopia had AKI, but the majority of these
patients were nonimmune visitors coming to
malaria-endemic regions.?° Another study from
the Renal Unit of Tikur Anbessa Hospital in
Addis Ababa found 29 (21%) of 136 consecu-
tively treated adult AKI patients had falciparum
malaria. The contribution of malaria to AKI was
only second to septic abortion, and mortality
rates in MAKI were as high as 37.9%.2! In a
recent prospective study from 1994 to 2003 in
Nigerian children, 123 cases of AKI caused by P
Jfalciparum malaria were detected (mean age,
6.28 *= 4.0 y).?? The occurrence of AKI in se-
vere falciparum malaria is quite common in
southeast Asia, including India. A significant
increase in the incidence of AKI has been re-
ported from several centers across India. In
1982 a study from Orissa indicated cerebral
malaria as the predominant presentation of se-
vere malaria. Associated complications of 173
cases of cerebral malaria were AKI (6%) and
hepatic failure (1%).?> Twenty years later, an-
other study from the same area and the same
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hospital showed 35% of cases with severe P
JSalciparum malaria had AKI. There was a con-
sistent increase in incidence of AKI (from 95
cases in 1994 to 215 cases in 1998).%4 A high
incidence of AKI in falciparum malaria has been
reported from eastern,?>-27 western,?® north-
ern,?? southern,3? and central India.3!:32 The ma-
jority of the studies had a common inference
that the incidence of AKI and jaundice is in-
creasing, and the development of multiple
complications result in increased mortality.??
Studies from Pakistan also reported MAKI con-
tributing significantly to the total AKI burden.3*
A high incidence of AKI in severe P falciparum
malaria was observed from southeast Asian
countries. Hypercatabolic AKI was noted in Ma-
laysia in patients with cerebral malaria with
heavy parasitemia and hyperbilirubinemia.?>
AKI constituted 23.3% of severe malaria pa-
tients hospitalized in Kampuchea. Coma and
multi-organ failure were the most common
causes of death.’® A high incidence of MAKI
also has been reported from Singapore,3” Viet-
nam,3® and Thailand.??

PATHOPHYSIOLOGY

The pathogenesis of AKI in falciparum malaria
is not clearly known. Malarial complications
possibly are caused by the interaction of the
parasite with the host, resulting in mechanical,
immunologic, and humoral responses. These
responses, while attempting to eliminate the
parasites, may also injure the host tissues. Dif-
ferent hypotheses proposed for MAKI include
mechanical obstruction by infected erythro-
cytes, exaggerated host immune response me-
diated through cytokines and reactive oxygen
and nitrogen species, immune complex deposi-
tion, hypovolemia, disturbances in the renal
microcirculation, and so forth. No explanation,
however, is available for the consistent increase
in the incidence of MAKI in some areas.

Cytoadherence

The pathogenesis of severe P falciparum ma-
laria is attributed in part to the cytoadherence
of parasitized red blood cells (PRBCs) to the
vascular endothelial cells in different host or-
gans.“0-42 Parasite proteins referred to as vari-

ant surface antigens expressed on the PRBC
surface mediate the adhesion of infected eryth-
rocytes to host vascular endothelial recep-
tors.#344 PRBCs preferentially sequester in the
deep vascular beds of vital organs, including the
brain, liver, lung, spleen, intestine, and kid-
ney.41% Sequestration of PRBCs in glomeru-
lar and tubulointerstitial capillaries has been
shown, although at a lesser degree than the
cerebral vessels.®> Studies on southeast Asian
adults dying from severe falciparum malaria in-
dicated that the frequency of PRBC sequestra-
tion in renal vessels of patients dying from AKI
were significantly higher than those without
AKI. Significantly more PRBCs were seen in
vessels in malarial AKI patients than in non-AKI
patients. However, the ultrastructural exam-
ination of renal microvascular sequestration
showed much less PRBC sequestration than of
brain tissue of the same patients. The majority
of patients showed mononuclear cells in glo-
merular and peritubular capillaries, although
the number of leukocytes was not significantly
different between the AKI group and the non-
AKI group.i®47 Margination of mononuclear
cells to the brain capillary endothelium was
shown earlier in a significant proportion of pa-
tients.*® Thus, contribution of PRBC cytoadher-
ence and clogging of the capillaries toward
pathogenesis of MAKI appears at best only mar-
ginal.

Cytokines, Reactive Oxygen
Species, and Nitrogen Species

Literature on the influence of cytokine concen-
trations on renal pathology in malaria is scanty
although cytokines, reactive oxygen intermedi-
ates, and nitrogen intermediates (ROI and NO)
play an important role in both protection
against malaria and pathogenesis of severe ma-
laria. Levels of inflammatory cytokines, such as
tumor necrosis factor a (TNF-a), interferon-v,
and interleukins 1-a, -6, and -8 are increased
in malaria.* Higher blood concentrations of
proinflammatory cytokines have been observed
in severe complications of malaria.>*->3 Anti-
TNF-a and anti-interferon-y antibodies are re-
ported to abolish the onset of cerebral ma-
laria.>* However, in contrast to observations in
the murine model, monoclonal antibodies to
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TNF-a ameliorate fever but not the manifesta-
tions of human cerebral malaria.>®

Increased production of ROI and NO have
been reported in malaria infection. The involve-
ment of ROI and NO in the protection and
pathogenesis of malaria has been studied exten-
sively. An early increase in NO stimulates the
helper T-cell-1 (Th;) response to control para-
sitemia similar to natural immunization during
malaria infection,>® whereas a late increase in
NO production in the liver and spleen appear to
have pathologic consequences.’” During the
blood stage of malaria TNF-a up-regulates NO
synthesis either alone or in combination with
other cytokines.’® Regulatory functions of NO
are dependent on the presence of various iso-
forms of the enzyme nitric oxide synthase
(NOS). Physiologic function of NO is regulated
by low basal concentrations synthesized by
constitutive NOS isoforms. A high concentra-
tion of NO usually is produced by inducible
NOS isoforms (iNOS), which play a crucial role
in pathologic consequences. Increased iNOS ac-
tivity and production of NO have been ob-
served in severe malaria.’” Lipopolysaccharide
is reported to be a potent stimulator of iNOS
messenger RNA.>® Similarly, ROI also plays a
significant role in the protection and pathogen-
esis of malaria.®*®! Higher blood concentrations
of ROI and a depleted antioxidant defense sys-

tem have been observed in patients with malar-
i) 62-64
ia.

Sepsis Model for MAKI

Extensive parallels exist between sepsis and
severe malaria in the clinical presentation and
cytokine profile, indicating that the 2 diseases
operate through very similar mechanisms.
Shock and multi-organ failure, a common asso-
ciation in sepsis, frequently are observed in
MAKI as well® (Mishra et al, unpublished data).
Contrary to the common belief that respiratory
distress complicating severe malarial anemia is
a consequence of biventricular failure, observa-
tions from the clinical picture in African chil-
dren indicate characteristic features of hypovo-
lemia®” and the administration of albumin for
volume expansion reduces mortality rates.%®
Plasma concentrations of several small- and
middle-molecular-weight proteins are reduced

in severe malaria because of extravasations
from the vascular compartment to the intersti-
tial space.®7® Arterial vasodilatation that ac-
companies sepsis is mediated, at least in part,
by cytokines that up-regulate the expression of
iNOS in vasculature.”! NO thus released has a
potent vasodilatory effect.”? However, several
other studies did not notice severe volume de-
pletion or hypotension in severe malaria.”74
Restricted local blood flow in the kidneys is
considered a major contributor for MAKI. A
similar pathology is observed in AKI of sepsis.
Generalized vasodilatation with an associated
decrease in systemic vascular resistance is the
most important hemodynamic abnormality ob-
served in sepsis. Vasodilatation leads to activa-
tion of the sympathetic nervous system, rennin-
angiotensin-aldosterone axis, and release of
vasopressin for maintaining the decreasing
blood pressure. Unfortunately, these compen-
satory mechanisms predispose to AKIL.7>7° Si-
multaneously, the vasoconstriction effects of
norepinephrine and angiotensin II are depen-
dent on open calcium channels, which are not
available when associated with increased hy-
drogen ion and lactic acid concentrations. In-
creased plasma concentrations of lactate and
hydrogen ions, and a decrease in adenosine
triphosphate (ATP) generation in vascular
smooth muscle cells, activate the ATP-sensitive
potassium channels,”””® resulting in potassium
efflux and closure of the voltage gated calcium
channels in the membrane. Therefore, vascular
resistance to these pressor hormones occurs in
conditions of lactic acidosis. Hypoxia in severe
falciparum malaria is brought about possibly by
a combination of volume depletion, hypoten-
sion, pulmonary edema, and clogging of the
capillaries by cytoadhered PRBCs and mononu-
clear cells, resulting in lactic acidosis. Cyto-
pathic hypoxia caused by inflammation-induced
mitochondrial dysfunction is now considered a
major contributor to the pathogenesis of sep-
sis.”? Proinflammatory cytokines, higher con-
centrations of which are present in both sepsis
and malaria,>!>? are considered responsible for
mitochondrial shutdown, leading to reduced
ATP synthesis and increased lactate accumula-
tion. Hyperlactatemia is considered a marker
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Figure 1. Pathogenesis of AKI in malaria.

for poor prognosis in sepsis,®® as well as in
malaria.8!82

MAKI can occur as an isolated complication
or as a component of multi-organ involvement.
A low intake of fluids, loss of fluids because of
vomiting and pyrexial sweating, cytokine- and
NO-mediated arterial vasodilatation, specifically
organ-specific release of NO, resistance to vaso-
active hormones, cytopathic hypoxia leading to
decreased ATP synthesis, and cytoadherence of
PRBCs all may contribute singly or in combina-
tion toward MAKI (Fig. 1). Increased fluid ad-
ministration, oxygen toxicity, and as yet un-
identified factors may contribute to pulmonary
edema, acute respiratory distress syndrome,
multi-organ failure, and death.

Histology

The histopathology of MAKI is a combination of
various pathogenetic mechanisms such as acute
tubular necrosis, interstitial nephritis, and glo-
merulonephritis. However, tubular changes
are the most common and consistent find-
ings.!11283 Tubular changes include cell necro-
sis, tubular swelling, and deposits of hemosid-
erin granules. The tubular lumens often contain
hemoglobin casts. Acute interstitial inflamma-
tion is associated commonly with acute glomer-

ulosclerosis. In glomerulonephritis, the glomer-
uli are swollen with expansion of the mesangial
area and proliferation of mesangial cells. Peri-
odic acid-Schiff staining reveals widening of the
mesangial stalk and irregular thickening of the
glomerular basement membrane (Fig. 2).

In a recent report on an ultrastructural study
of renal pathology in fatal falciparum malaria,
there was sequestration of PRBCs in glomerular
and tubulointerstitial vessels, and acute tubular
damage. However, there was no evidence of
immunomediated glomerulonephritis. There

Figure 2. Kidney biopsy from an Indian adult male who
died from cerebral malaria with acute renal failure.
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was mild glomerular hypercellularity with host
monocytes in the glomerular capillaries.*”

CLINICAL PRESENTATION

Malaria-related AKI invariably is caused by falci-
parum malaria. It is defined as an abrupt (within
48 hours) reduction in kidney function that
may be characterized by the following: (1) an
absolute increase in serum creatinine level of
0.3 mg/dL or more (=26.4 pmol/L), (2) a per-
centage increase in serum creatinine level of
50% or more (1.5-fold from baseline), or (3) a
reduction in urine output (documented oliguria
of <0.5 mL/kg/h for >6 hours). However, to
categorize a patient as having severe malaria on
the basis of renal function as per World Health
Organization criteria,'! the serum creatinine
level has to be 3 mg/dL or more (=265 umol/
L). It is common in adults, and rare in chil-
dren.''"13 In a study from Orissa consisting of
1,857 patients, although both children and
adults were vulnerable for severe malaria, al-
most all the MAKI cases were observed in adult
patients.? It is encountered more often in male
patients than in female patients 2034

The incidence ranges from 0.5% to 15% in
different series because it depends on the co-
hort of patients and the criteria used for the
definition of MAKI. Malaria may be a major
cause of renal failure in a hospital, although it
may be encountered occasionally in another
hospital. In a study of 500 adults in Vietnam,
30% of the patients had MAKI, with a higher
incidence of jaundice and hypoglycemia,!!
whereas the incidence was 4% in a series from
Orissa (India).2®

A history of recent travel to malaria-endemic
areas must always be sought. Although some of
the complications can be identified easily on
clinical examination, recognition of renal fail-
ure needs a high index of suspicion and early
biochemical investigations.

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

When MAKI is a part of multi-organ failure, it
often is present at the time of presentation and
invariably carries a poor prognosis. It has been
reported that about a third of patients with
cerebral malaria have renal impairment (serum

creatinine level, >2 mg/dL).!> These patients
have a higher incidence of anemia, jaundice,
hypoglycemia, and prolonged coma. Acidosis
appears early and may be associated with cloud-
ing of sensorium, convulsions, and coma.

In the other subset, renal impairment occurs
as a sole complication. This group of patients
has a better prognosis. It invariably occurs
when other complications have subsided, and
the patient is fully conscious, oriented, and of-
ten afebrile. These patients develop oliguria,
encephalopathy, hyperkalemia, and signs of ac-
idosis. It has to be noted that this group of
patients is encountered at a time when the
parasites are no longer present in the periph-
eral blood, making it difficult to establish the
diagnosis of malaria. A high index of suspicion
and the use of a dipstick method for detecting
P falciparum (eg, rapid diagnostic Kkits, im-
muno-chromatographic test [ICT], and so forth)
or other alternative diagnostic tools are of par-
amount importance.

Urine output usually is decreased (<400 mL/
d).!! Although Prakash et al*? observed oliguria
in 70% of patients in India, Manan et al** ob-
served it in 76% of patients from Pakistan. Oli-
guria usually persists for 3 to 10 days. However,
urine output may be normal or increased in a
few patients. Hence, oliguria alone should not
be relied on for a diagnosis of AKI in malaria. A
daily estimation of biochemical tests such as
blood urea nitrogen and creatinine levels must
be performed.

The complications usually appear 3 to 7 days
after onset of the fever, and may last for a few
days to several weeks. Patients with peripheral
parasitemia should be screened regularly for
the presence of renal failure. In a clinical setting
with a high index of suspicion of malaria, pa-
tients even without peripheral parasitemia or
oliguria should be screened for renal impair-
ment.

Of 402 detected smear-positive malaria cases
in a hospital from Mumbai, Western India, 24
had malarial AKI. Eighteen were age 21 to 40
years. P falciparum was detected in 16, P
vivax in 3, and mixed infection in 5. Nonoligu-
ric AKI was seen in 14 patients (58%).%8

Dehydration, volume depletion, hypoten-
sion, and shock also are encountered. Volume
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depletion was detected in more than half of the
patients and hypotension was detected in a
third of the patients.3? Hypotension occurs as a
result of several factors: low intake of fluids,
loss of fluids because of vomiting and pyrexial
sweating, arterial vasodilatation, and the effect
of cytokines. Peripheral blood pooling has been
implicated in a number of cases. The effective
arterial blood volume is reduced, and hypoten-
sion occurs on presentation. Few patients may
present with shock syndrome (Mishra et al,
unpublished data). These patients need urgent
attention for fluid replenishment including va-
sopressin (vide supra).

Associated Complications
Cerebral malaria

Cerebral malaria often is associated with AKI,
but frank renal failure occurs in about 30%. In a
series from Thailand, 30% of adult patients with
CM had associated AKI (serum creatinine level,
>2 mg/dL [2 mg%]). These patients had a
higher incidence of jaundice, hypoglycemia,
and pulmonary edema.’* A large series from
India reported the incidence as 29% among
cerebral malaria patients versus 4% among non-
cerebral malaria patients.®> An important pre-
dictor in the survival of patients with cerebral
malaria is the presence of MAKI. The presence
of AKI in CM makes the prognosis worse.%¢

Jaundice

Jaundice is an invariable accompaniment in
MAKI. It occurs in more than half of patients
with renal failure.''8” Conversely, renal impair-
ment is observed in 10% of patients with hyper-
bilirubinemia. The hyperbilirubinemia predom-
inantly is unconjugated in nature owing to
hemolysis.!!?” However, a few reports de-
scribed the presence of malaria hepatitis with
MAKI. It is important to be aware of the simul-
taneous presence of renal and hepatic dysfunc-
tion in certain situations, namely, leptospirosis,
dengue, hepatorenal syndrome, and so forth.

Anemia

Although anemia (hemoglobin level <10 g/dL)
is associated in about 60% of patients with ma-
larial renal failure, severe anemia (hemoglobin
level, <5 g/dL) is reported in 10% to 20% of

cases. Thrombocytopenia occurs in 70% of pa-
tients, half of whom develop an overt bleeding
tendency. In the majority of patients, this is part
of a disseminated intravascular coagulation ini-
tiated by the gross rheologic abnormality in
severe malaria.

Proteinuria usually is insignificant, but it may
be as high as 1 g/24 h in about a third of
patients with MAKI. It usually resolves com-
pletely with recovery from renal impairment.
However, persistent proteinuria may be en-
countered in the presence of significant inter-
stitial or glomerular involvement.!%-12

Electrolyte abnormality

An electrolyte imbalance occurs invariably in all
patients. Hyponatremia is reported in 25% to
60% of patients.'?3234 The mechanisms include
hemodilution and sodium wasting before the
onset of oliguria. However, an increase of se-
rum antidiuretic hormone is unlikely to play a
major role.!%!2 Hyperkalemia is the most impor-
tant electrolytic parameter for renal replace-
ment therapy. However, the incidence is as low
as 4%.3% But unless it is identified and promptly
managed it may be fatal. Hyperkalemia also may
result from hemolysis and rhabdomyolysis. Hy-
pokalemia also has been encountered. Electro-
cardiographic recordings are often helpful.

The serum calcium level often is reduced out
of proportion to phosphate retention, which
may be owing to hypoparathyroidism of un-
known cause.® Lactic acidosis has been docu-
mented and is a life-threatening condition, of-
ten among children. As described before,
hypoxia in severe malaria is multifactorial: a
combination of volume depletion, hypotension,
pulmonary edema, and clogging of the capillar-
ies by cytoadhered PRBCs and mononuclear
cells, resulting in lactic acidosis. High blood or
cerebrospinal fluid lactate levels are predictors
of poor outcome.8!:82

The vulnerable groups to develop M AKI are
the following patients: pregnant, with high par-
asitemia, deeply jaundiced, with prolonged de-
hydration, and those receiving nonsteroidal anti-
inflammatory drugs.

The critical determinants for MAKI are as
follows: hypovolemia and hypervolemia, hyper-
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parasitemia, hemoconcentration, hyperbiliru-
binemia, and hyperpyrexia.

PROGNOSIS

Renal failure associated with malaria resolves in
days to weeks, and almost always completely. It
does not progress into chronic kidney disease.
It is not associated with hypertension. The
overall mortality rate among those with renal
failure ranges from 15% to 50% in different
series.11,20.3489-93  Similarly, the simultaneous
presence of MAKI in cerebral malaria is associ-
ated with a poor prognosis.®® In a study of 110
patients with cerebral malaria from India, 38
had evidence of AKI. Associated complications
as well as mortality rates were significantly
higher in the presence of AKI. The mortality
rate of patients with cerebral malaria increased
from 14% to 40% in the presence of AKI. For
each 1 log unit increase of serum creatinine at
admission, the odds of death increased by a
factor of 10.8 (95% confidence interval, 3.0-
39.4).5

The survival rate with peritoneal dialysis was
lower than that of hemodialysis or hemofiltra-
tion.”* At Rourkela, the mortality rate decreased
significantly when hemodialysis was initiated
early. It is pertinent to mention that AKI in
malaria needs urgent recognition and manage-
ment. Multiple complications need urgent man-
agement in a tertiary care hospital with a mul-
tidisciplinary approach.®’

Several risk factors had been proposed to be
responsible for the high mortality rate: late re-
ferral, short acute illness, high parasitemia, oli-
guria, hypotension, severe anemia, or signifi-
cant jaundice. Patients with severe diarrhea,
multisystem involvement, hepatitis, or acute re-
spiratory distress also have a poor prognosis.
Co-existing viral or bacterial infections may be
encountered in patients with MAKI, increasing
the risk of mortality. The presence of multi-
organ failures results in a poor prognosis. A
simple bedside survival scoring system has
been devised that gives relative weighted im-
portance to each complication.”®

TREATMENT

The management of MAKI needs careful and
meticulous management of several problems.

Early and prompt decisions and institutions are
the hallmark of a better prognosis.

The outlines of treatment guidelines include
the following: (1) institution of appropriate an-
timalarials, (2) maintenance of fluid and electro-
lyte levels, (3) renal replacement therapy as
indicated, (4) treatment of associated complica-
tions, and (5) management of infection includ-
ing pneumonia.

Drugs to be avoided in malaria patients be-
cause they may impair renal function are as
follows: nephrotoxic drugs such as aminogly-
cosides should be avoided if AKI is suspected
or anticipated, nonsteroidal anti-inflammatory
drugs should not be given because they may
precipitate prerenal azotemia to ischemic AKI,
and angiotensin-converting enzyme inhibitors
and cyclooxygenase inhibitors.

Antimalaria Drugs

The preferred antimalarial is artesunate or qui-
nine given parenterally. Intravenous quinine
has remained as the time-tested first-line drug.
The dose is 10 mg/kg/body weight. If quinine
has not been given in the previous 7 days, a
loading dose may be given. But it is very diffi-
cult to get a definite history, hence it is advis-
able to start a maintenance dose of 10 mg/kg of
body weight every 8 hours. The dose for the
initial 48 hours should never be modified, even
in the presence of AKI. If quinine needs to be ad-
ministered only through a parenteral route be-
yond 48 hours, the dose of quinine must be
reduced to two thirds. Oral therapy should be
started as soon as the patient is able to accept it
orally. The total duration of therapy is 7 days.
The common side effects include dizziness, cin-
chonism, and hypoglycemia.'’%%7 Careful at-
tention needs to be given to the rate of infusion,
cardiac monitoring, and prevention of fluid over-
load. Prolonged QT interval, atrial or ventricular
ectopic beats, heart block and hypotension may
be anticipated in patients treated with quinine.
Quinine is metabolized and 80% is excreted
through the liver and 20% through the kidneys.
However, estimation of blood level is not readily
available in most centers and careful clinical as-
sessment at frequent intervals is mandatory.!!
The introduction of artemisinin derivatives
has improved the survival rates of patients with
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severe malaria.”8-19% These drugs clear para-
sitemia rapidly and are practically devoid of side
effects.”®19! In addition, no dosage modification
is needed in the presence of renal or hepatic
dysfunction. The preferred molecule is artesu-
nate because it can be given intravenously. In-
travenous artesunate is given at a dose of 2
mg/kg/body weight at 0, 12, and 24 hours, and
then once daily for a total of 7 days.

The use of other drugs, namely chloroquine
or sulfadoxine pyrimethamine, should be
avoided owing to widespread resistance from
areas where CM and AKI are common. Simi-
larly, there are scant data to recommend the use
of mefloquine or halofantrine. These oral drugs
should not be used in patients with severe ma-
laria.

Fluid and electrolyte therapy are of utmost
importance: a meticulous record of fluid re-
quirement and urinary output is needed. It
helps to guide the administration of fluid, mon-
itoring the improvement, and, most of all, pre-
venting fluid overload. This simple but most
important factor is overlooked at small, busy,
and overcrowded hospitals. It often is left to the
uninformed attendants/relatives of the patient,
thus getting erroneous information. To prevent
fluid overload a central venous pressure (CVP)
line can be established.

The identification and treatment of co-exist-
ing or acquired infection should be managed at
the earliest.

Fluid Challenge

Many patients with oligura are dehydrated.
They should receive fluid, up to 20 ml/kg of
0.9% saline infused over 60 minutes. To prevent
fluid overload, auscultation of the lungs and
jugular venous pressure measurements (and, if
possible, CVP measurements) should be per-
formed after every 200 mL of fluid. The CVP
should always be kept between 0 and +5. If
there is no urine output after fluid replace-
ment, an intravenous diuretic challenge may
be given.!!

Diuretic Challenge

The loop diuretic (frusemide 40 mg or bumet-
anide 1 mg) is given initially. If urination does
not occur, further diuretic challenge can be

tried at every 30-minute intervals with incre-
mental doses (frusemide 100, 200, and 400 mg
or bumetanide 2, 4, and 6 mg). If there is still no
urine flow, dopamine 2.5 to 5 pug/kg/min may
be tried. However, the use of diuretics in MAKI
has not improved the outcome. Rather, it ap-
pears to be ineffective in oliguric patients. In a
small number of patients it may increase the
urine output, but no improvement occurs in
the renal status. Rather, it may give a sense of
complacency. A systematic review and meta-
analysis was conducted to evaluate loop diuret-
ics in the management of AKI in 555 patients
from 5 randomized controlled trials. There was
no statistical difference in the mortality rates
(odds ratio, 1.28; 95% confidence interval, 0.89-
1.84; P = .18) or renal recovery (odds ratio,
0.88; 95% confidence interval, 0.59-1.31; P =
.5) with the use of loop diuretics compared
with controls.!? However, the use of loop di-
uretics may result in a shorter duration of renal
replacement therapy and a shorter time for the
decline in serum creatinine level. It causes an
increase in urine output. There was, however,
insufficient data on acid-base status, length of
hospital stay, and treatment costs. Four studies
reported toxicity, most commonly transient tin-
nitus and deafness. It was suggested that loop
diuretics were not associated with improved
survival. 102

In a prospective, randomized, double-blind,
placebo-controlled, multicenter trial, 338 pa-
tients with AKI requiring dialysis therapy were
administered either furosemide (25 mg/kg/d in-
travenously or 35 mg/kg/d orally) or matched
placebo. The end points were survival, number
of dialysis sessions, and time to achieve a serum
creatinine level of less than 200 pumol/L and
dieresis (urine, >2 L/d). It was observed that
there were no differences in survival and renal
recovery rates between the 2 groups. The time
to achieve a 2-L/d diuresis was shorter with
furosemide (5.7 = 5.8 d) than placebo (7.8 =
6.8 d; P = .004). Overall, 148 patients achieved
a urine output of at least 2 L/d during the study
period (94 of 166 patients; 57%) with furo-
semide versus 54 of 164 patients (33%) with
placebo (P < .001). However, there were no
significant differences in the number of dialysis
sessions and the time on dialysis therapy be-
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tween the furosemide and placebo groups. So it
was reported that high-dose furosemide main-
tains urinary output, but does not influence
survival or renal recovery rates of patients with
established renal impairment.!%3

Dopamine Challenge

The use of dopamine for the prevention and
treatment of AKI has not yet been established.
Its use is based on the understanding that se-
lective renal vasodilatation will occur when it is
infused at a low dose. A recent article com-
pared the effects of dopamine and epinephrine
in various doses on renal hemodynamic and
oxygen transport in patients with severe ma-
laria and severe sepsis. In a prospective, con-
trolled, cross-over trial in an intensive care unit
of an infectious diseases hospital in Vietnam,
dopamine at a renal dose (2.5 ug/kg/min) was
associated with a mean (95% confidence inter-
val) fractional increase in the absolute renal
blood flow (RBF) index of 37% (13% to 61%)
and in RBF as a fraction of cardiac output of
35% (10%-59%; P = .007 and P = .014, respec-
tively). At higher doses (10 wg/kg/min), both
RBF and RBF/cardiac output were not signifi-
cantly different from baseline values and de-
creased further as the dose was reduced again.
Neither epinephrine nor dopamine significantly
affected creatinine clearance or urine output.
There was no evidence that either drug pro-
duced any beneficial effect on renal oxygen
metabolism or function.04

Vasopressin Therapy

As discussed in the pathogenesis, there appears
to be a future role for the use of vasopressin in
the management of malarial shock as well as
MAKI. However, sufficient data need to be col-
lected before this agent is accepted to improve
the survival.

Albumin Infusion

The administration of albumin for volume ex-
pansion reduces mortality rates.°® Exchange
transfusion is of use in patients with severe
hemolysis. However, in the presence of severe
jaundice and renal failure, no data are avail-
able to recommend its use.

Dialysis

Dialysis has improved the survival rates of pa-
tients when instituted early in the course of
treatment. It can be intermittent hemodialysis
(daily or alternate day), continuous venovenous
hemofiltration, or continuous arteriovenous he-
mofiltration. The latter methods cause less he-
modynamic instability than conventional hemo-
dialysis. Peritoneal dialysis is less effective in
controlling biochemical abnormalities.

Indications for dialysis include the following:
(1) clinical indications: uremic symptoms,
symptomatic volume overload (eg, pulmonary
edema, congestive heart failure), and pericar-
dial rub; (2) laboratory indications: severe met-
abolic acidosis (HCO3 < 15 mEq/L) and hyper-
kalemia (K+ > 6.5 mEq/L).

The clearance of urea and other molecular
waste products is much faster with hemodialy-
sis as compared with peritoneal dialysis. How-
ever, peritoneal dialysis has certain advantages
such as: peritoneal dialysis does not need a
special set-up, it can be started immediately,
and it may prove to be life-saving. Thus, in the
absence of facilities for hemodialysis whenever
indicated, peritoneal dialysis should be started
as early as possible. Conservative treatment in
patients with AKI with severe malaria needs
careful monitoring. A patient may develop signs
as mentioned earlier and at any odd hours with-
out giving a scope for initiation of dialysis.
Many lives have been lost as dialysis was de-
cided but institution was delayed. Sudden
cardiac death may ensue in a patient who is
improving owing to the development of pul-
monary edema or hyperkalemia.

Adequacy of Dialysis

Dialysis is considered adequate when the post-
dialysis creatinine and urea levels decrease to
50% or less of the predialysis values.

Antimalarial Drugs During Dialysis

Significant changes in plasma quinine concen-
trations do not occur in patients with AKI dur-
ing hemodialysis. Quinine was not detectable in
hemodialysate fluids. This suggests that dosage
adjustment of quinine during hemodialysis is
unnecessary. There are no data as yet available
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for the artemisinin drugs for modification dur-
ing dialysis.

Management of the Diuretic Phase

The diuretic phase may return gradually or in a
few hours. Careful attention needs to be given
toward fluid and electrolyte requirements. In
addition, repeated estimation of Na, K, and bi-
carbonate is essential.

Nutrition

One must not overlook the nutrition aspect of
patients with AKI. Attempts should be made to
suppress endogenous protein catabolism by
providing fat and carbohydrates.

In patients without dialysis, protein restric-
tion is advised, whereas those undergoing daily
hemodialysis may require additional proteins.
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